FAST ACTI NG Al RPONERED WATER DI SPLAYS BACKGROUND OF THE | NVENTI ON

1. Field of, the I nhvention. The present invention relates to
the field of gwater di spl BASL. ACTING AIRPOWERED OWATARt DISPLAYS Various-
types of alrﬁomered wat er displays are well-known in the prior art. By |

way of exarnpl epadkcBouRat@ntrye NoventPdy 003 di scl oses airpowered parl or

fountai ns havkng a base in the formof a pressure vessel containing water

and  having an ai -punpiel-séehie tIngentiwn.her eof, an unpressuri zed

i ntermedi ate section ang an upper fountain display section for the
decorative di scharge of gﬂ%tpéresg?'brﬁ“tvﬁﬁt’r%\/\éfﬂﬁfr"e%§8rEhe fjeddAf pgter o
collection in &iwpigestral section for ultimte reci rcul ati on upon venti ng
and rechargi ng of the system U.S. Patent No. 914,419, on the other hand,
is addressed to &n aukoimtBstfountain of the same general type,

di sclosing a

-

Various types of airpowered water displays are
well-known in the prior art. By way of example, U.S. Patent
No. 151,003 discloses airpowered parlor fountains having a
base in the form of a pressure vessel containing water and
having an air pump adjacent the top thereof, an unpressurized
intermediate section and an upper fountain display section
for the decorative discharge of water from the lower pressure
vessel for collection in the central section for ultimate
recirculation upon venting and recharging of the system.

U.5. Patent No. 914,419, on the other hand, is addressed to
an automatic fountain of the same general type, disclosing a
control valve therefor. In fountains of this type, the water
flow is normally controlled by a mechanical valve in the
water line itself, being manually turned on and off as
desired. As such, such fountains are usable only as steady
flow devices, having as their attraction the decorative flow
of water as opposed to decorative and/or attention getting
changes in the flow thereof.

In U.S. Patent No. 3,722,819, pulsed jet riot apparatus
is disclosed wherein a combressed §as is passed to a chamber
having liquid therein so that upon actuation of a quick
opening valve, the liquid is forced from the chamber through
an acceleration tube and out a nozzle. The quick opening
valve may be positioned between the pressurized gas source
and the liquid chamber, or it might be in the acceleration

tube. When placed between the pressurized gas and the ligquid
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control valve therefor. In fountains of this type, the water flowis
normal ly controlled by a nmechanical valvesin the water line itself, being
manual |y turned on and off as desired. As such, such fountains are usable
only as stead fl ow devices, having as their attraction the decorative
flow of wat %‘Ta"ﬁ’é?rop%‘&é’éf“tl‘é HPESE ad i NP YardR it ture am copakdiitivn§or changes

in the flowt U.:S. tent No. 3, 722,819 ulsed jet riot
appar at us |§%%§%f‘5asteu(f 'Whg#é;:len 1§ %‘(E))%ﬁ%éésré% wﬁgsogs_tﬁégéré °tf§_ atR®hanber

havi ng |i qui cepreeraens, s thatingdonf aidliauion ftidg WHIGK wiOPeR-BYyVal ve,

the liquid is forced fromthe chanber through an accel eration tube and
out a nozzl e.l°AYE P cH3FBER| RIFSSUThtart sARYS @ FORY inuentd dxsedeen t he

pressuri zed gag SOVREEeroiNtidlg Li gl dachanhat,, of Jb WGt be in the

accel eration  tube. Vhen p ace% BETVHSH PR SIPEs SN Y44 Y% and the Iiquid

2 pressure falls to substantially atmospheric, or more likely,
until sufficient water is expelled through the nozzle to vent
the pressure chamber to atmosphere through the nozzle. In
its intended operation, a separate water inlet valve is
provided to allow the refilling of the chamber. The assignor
of the present invention has a water display having similar
characteristics for placement in a body of water, the
structure being much simpler in design and self filling after
each firing cycle from the body of water itself. 1In
particular, those systems utilize a vertical pipe having a
check valve adjacent the bottom thereof for the filling of
the pipe, and a nozzle at the top thereof for the expulsion
of the water therethrough. Pressurized air for driving the
system is controllably delivered to the bottom of the column
of water within the pipe without any separation between the
air and water by way of a piston or any other structure.
Relatively massive and impressive water displays may be
generated using this technique. However, as with the '819
patent, once fired the water is expelled until the
pressurized air becomes vented through the exit nozzle,
thereby not being controllable in duration and resulting in
the exhaust noise wheﬁ so vented.

Finally, Russian Patent No. 1,228,804 and U.S. Patent

No. 4,594,697 are of background interest, the former

disclosing an impulse sprinkler utilizing a combustion
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chanber, one woul d expect a very rapid turn on capability for the
apparatus. There is however, no way of "turning off" the apparatus, as
turning off the quick acting valve will metely |eave the chanber
pressurized so as to continue to expel water therefromw th a dimnishing
velocity until res falls to substantially atnospheric, or nore
likely, unti IChéﬂ??ﬁ c%iogn érier\/\s/g"tué%z?“sg é)%ﬁeﬁ"éed af’ﬂr'dl?gﬁafﬁ%‘ #slesing gent the
pressure chanpeeutar iabipgpieretédrayghdt kigpzdikeoknN i ts intended
operation, a separate water inlet valve is provided to allowthe refilling
of the chanber. The assignor of the present invention has a water display
having simlar characteristics for placenent in a body of water, the
structure being nmuch sinpler in design and self filling after each firing
cycle fromthe body of water itself. In particular, those systens utilize
a vertical pipe having a check valve adjacent the bottomthereof for the
filling of the pipe, and a nozzle at the top thereof for the expul sion of
the water therethrough. Pressurized air for driving the
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systemis controllably delivered to the bottom of the colum of water
within the pipe wthout any separation bejween the air and water by way of
a piston or any other structure. Relatively nassive and inpressive water
di-spl ays may be generated using this technique. However, as with the '819
patent, once fripe B\ RW Ryerdond until the pressurlzed air becones
vent ed t hrough the eX|t nozzle thereby not being controllable in duration
and resulting in Fehe &nthaasélqnmwseedWNamescﬂiﬂ@naed which mayibeal | y, Russi an
Pat ent No. 1,228 §04 §cit ent 97 are of back round
interest, theFore °°d’|t§8ro%| ng 8?1eﬁar’f‘6u?‘§eef §p‘r"f‘ KI8P9tit P1 |dZ’FﬁE;

conbustion  and timings and methods of operating the sahe at8adiRNoL&d.

pressurizing the same and the latter disclosing a pneunatically operated
l'i quid slug ﬁ?“ﬂ #atey displays are comprised of ‘one or more nozzles

directed upward, typically just above or just below the water
level in a fountain pool. Each nozzle is connected to a
water reservoir submerged, at least in part, in a fountain
pool and coupled adjacent the bottom of the reservoir to the
inlet for the nozzle. The water reservoir, which may be in
the form of a pipe of a substantial diameter, is also coupled
to a check valve submerged in the fountain pool to allow
water to refill the reservoir but to prevent water from
escaping therefrom through the check valve. A solenoid valve
controllably connects the upper portion of the water
reservoir to a supply of air under pressure. The solenoid
valve is operative between a first condition coupling the
supply of air under pressure to the upper portion of the
water reservoir, and a second condition venting the upper
portion of the reservoir to the atmosphere. This arrangement
allows operation of the water display in various ways ranging
from short repetitive bursts of water up to an expulsion of
all the water in the reservoir in a single burst. Various
features and alternate embodiments, including computer

control, are disclosed.
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4 BRI EF SUMVARY OF THE | NVFNTI ON Fast acting airpowered water

di spl ays which may be conputer controlled to operate over a wide range of
duration and timngs and rret hods of operating the sane are disclosed. The
wat er di spl ays ) oy e nozzles directed upward,
typically jus Water |evel in a fountain pool.

Each nozzle is co;‘a{\@_ﬁteed 1) aascy)@;h&rlcr BS&EK Aibgsaw g gfdexedprhepst in part,
in a fountain pool and coupl ed adjacent the bottom of the reservoir to the

inlet for théyabem|in aTherdwncer vidsdheobre”=RfAi émvm}one in the formof a

pi pe of a substanfial diameter, al so_cou d check val ve subnerged
in the fountain p%o? %% 2alt s \%ﬁt B 8 1% fp%lrﬁl?rl’ﬂ gs%ra\‘/pd’ara ot ?% prevent

water from eggapéng ihhasefdamgt aragdbat hatehegkspialyVeoz AeSebened d val ve

associated apparatus for the operation thereof.

Figure 3 is a side view of a typical nozzle 22
illustrating the type of water display which may be achieved

with the present invention
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control |l ably connects the upper portion of the water reservoir to a supply
of air under pressure. The solenoid valve is operative between a first
condition coupling the supply of air und®r pressure to the upper portion
of the water reservoir, and a second condition venting the upper portion
of the reserRBTAILER DRECRUPTICORNER CHETINVENTIORNgenent al |l ows operation of
the water display in various ways ranging fromshort repetitive bursts of
water up to an eXpdis§i BREEHTING] tO (FHEURRE F 2PA The PEstersidr in a single
burst. Vari ougpodig@htr 68 Hdpal {&HN3h§e ARAILIP WS sedC! Ydi fig Gonput er
control, are disclosed. sy BRI EF
DESCRI PTI ON €keeHin, DRAWUNESin pool Heginies byl fost sGhenmf iconbinek di agram of

an exenplary systemin accordance with the present invention.
four fountain nozzles 22 supported typically just above,

substantially even with, or just below the water level in the
pool. The nozzles 22 are cdupled in this embodiment to a
relatively large pipe 24 through a sﬁbstantially vertically
oriented pipe 26, which preferably is at least somewhat
larger than the outlet of nozzles 22, and which may be as
large as or larger than the pipe 24, if desired. Also
coupled to each of pipes 24 through Tee couplings 28 are
check valves 30 which substantially freely allow water flow
through the check valves from the fountain pool into pipes 24
and 26 in response to a differential pressure thereon, but
which prevent any substantial flow of water therefrom back
into the fountain pool. The inlet from the fountain pool to
each of the check valves 30 is preferably protected by a
strainer 32 of substantial size which will prevent,
particularly in outdoor pools, leaves and other debris from
entering the check valves and interfering with the intended
operation thereof, but which will relatively freely pass
water into the submerged piping.

Pipes 24 are generally inclined upward from a low
adjacent Tee couplings 28 to elbow couplings 34 which in turn
are coupled through substantially vertical lines 36, each to
an electrically operatéd solenoid valve 38. The solenoid
valves 38 are manifolded together through line 40 to an air
compressor 42 supplying air under pressure thereto. Such air
compressors may include some form of compressed air reservoir

(not independently shown) so that the supply of compressed
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Figure 2 is a side view of a portion of the apparatus of ~Figure 1
illustrating a typical water display nozzHe 22 and associ ated apparat us
for the operation thereof. Figure 3'is a side view of a typica

n.OZZ| e 22 il lali§t £@‘t§or1gn£r'c? vta)iggs 0j8 \{\n@ egubqsitggL Pyll\ghgggeeréatheo&Cpbziteved
with the present Invention _ _ 6
DETAI LED DESCRepa¢{dY OF JdlpdedVENTAZNat leastFiessta sabLE IHetdoliOofi gures 1
and 2, a preferred enbodinment of the present invention nay be seen. As

shown therei #i™&- f ountai n pool defined by pool wall 20 contains four

fountain nozzles upport ed Lcally just above, substantially even
with, or just bel (2)%% %Qwé %rso}lé'\[’/)%lréivﬁ f’%%%apgﬁ?.e%‘fﬁér#%yes 22 are
coupl ed in thicsnpedradi ERASudrO adlikelqat Ly ed Fekpida vRi Be 24 thEOUGh a

substantially vertically oriented pipe 26, which preferably is at |east

somewhat solenoid drivers 46 controlled by computer 48. Also, the
embodimént shown includes the further feature of a wind
sensor 50 for providing an input to the computer 48
responsive to the local or ambient wind condition, and a
pressure control 52 controlled by the computer for
controlling the output pressure of the air compressor 42 to
the solenoid valves 38, typically reducing the pressure, or
at least the maximum pressure responsive to increasing wind
velocity, and perhaps based on other parametgrs such as time
or based on music or other program control. The pressure
control 52 in the preferred embodiment actually controls the
compressor speed to control the output thereof, though other
forms of pressure control could also readily be used, such as
by way of example, an electrically controllable valve at the
compressor output controlling the output flow of the
compressor based on the down stream air pressure so as to
limit the down stream pressure to that desired at the time.

The system described so far operates as follows; each of

the solenoid valves 38 are operative between one of two
states, the first coupling line 40 to respective one of lines
36, and the second blocking line 40 and venting line 36 to
the atmosphere througﬁ the exhaust port 54 thereon. In the
quiescent state, namely the second state of a solenoid valve
38, check valve 30, a relatively large check valve in
comparison to the respective nozzle 22, will open, allowing

water to quickly fill all the system located below the water
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| arger than the outlet of nozzles 22, and which may be as
| arger than the pipe 24,
t hrough Tee couplings 28 are

| arge as or
I f desired. Also® coupled to each of pipes 24
check val ves 30 which substantially freely
all ow water flow through the check valves fromthe fountain pool into
pi pes 24 andié€@li inrigsppnsk. t dnagehdfad; etiid alyspere asutnelinariaanbe but

whi ch

prevent any s%fstantlal flow of water therefromback into the fountain

Hef ki thaak stiitraitR Polvatsr Haen with K81erick 38al ves 30 is

pool . The

preferably priglegt 86edBeddtnStdAo0Er and? vaty Sqsk aptd @er 3t 21 4hi ch Wil
particularly in outdoor pools, ¥

entering the wdeagklyadio@edthend dompie fld:ghngrwstuhetdnsr itiot enelexysteperat i on

prevent,

t her eof ,
pi pi ng.

i nl

but

eaves and ot her débris from

ich wil relatlvelg freel as water into the subnerged
YFImER Hoat

3 Bi°FRE" DF 18 B e tEPaPYSFA™hE

aruptRiiarer FOnTE YN  adj acent

Tee couplingssB &Re of ROV € OpHleir NS AANRLE NeisPeltive ndkE1S WAl €d through

substantially vertical lines 36, each to an ePectrlcaIIy oper ated sol enoi d
val ve 38. TheXowehbg system to quickly refill thereafter.

As may be seen in Figure 2, the submerged piping,
primarily each of pipes 24, act as water reservoirs for the
respective nozzle 22, being coupled adjacent the bottom of
pipe 24 to the line supplying the respective nozzle with
water. The solenoid valves 38 on the other hand are
effectively coupled adjacent the top of the water reservoir
pipes 24 to pressurize the water therein and force the same
out through the nozzle without injecting air into a region
which could be swept out of the nozzle with the water. Thus,
in the preferred embodiment, it is desired to define a |
uniform unaeriated flow stream out of nozzles 22, or
alternatively if aeriation is desired, to provide aeriation
by entrainment of air into the water stream at the nozzles
themselves rather than injecting air into the flow stream
being supplied to the nozzles. It is of course further
preferred in the preferred embodiment that the air under
pressure be supplied adjacent the top of each water reservoir.
so that substantially all of the water therein may be forced
outward through the nozzles 22 without any of the
pressurizing air also.being similarly expelled, and further
for the reason that such injection of pressurized air makes
the same directly accessible for immediate and rapid venting
when the solenoid 38 is changed to the first state, venting

line 36 to the atmosphere through port 54. It is for a
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val ves 38 are manifol ded together through line 40 to an air conpressor 42
supplying air under pressure thereto. Such air conpressors may include
some form of conpressed air reservoir (not independently shown) so that

the supply of _¢ ressed , 7 air to
sol enoi d val vsélsr%g%rrrﬁ?/a%ou"o&’%%t‘ilglelsyzﬁfcr«?eéi“‘fﬁé‘e&tﬁﬂelycﬁf)a‘éialtytﬁ?

conpressor 42nigi preastrd Qriradeglohht Q%JeOQnoéas} hg@h around_tﬁgcmaegrt he
sol enoid valves 38 are electrically connectedthrough a line 44 to a

respective on& dfireRe24 ¢ol gheinbzddevers 46 controll ed by conputer 48. QI?O’
the enbodi nent shown _inc|ludes the further feature of a wind sensor 5 or
provi ding an i npu?‘st (.s)tﬁ‘.”’heéJ g’S?rf)’fﬁ'eﬁiﬂg 24 dSpBrefarably Ml 13%3ar 4 anbi ent
wi nd condi ti Ofian@Rdratnd @SS 220NL 1G] 133 CONQkL 5 gaé%&e pegpputer for

controlling the output pressure of the air conpr essor
larger than nozzle 22. As an example, consider a system

wherein the nozzles 22 have a 1/, inch flow diameter and
reservoir pipes 24 have a 3 inch inner diameter. Thus pipes
24 would have six times the diameter of the nozzles connected
thereto, or thirty six times the area of the nozzles. Thus,
when water is being expelled from a particular nozzle because
of high pressure air being directed through solenoid valve 38
and line 36 to the water in the respective pipe 24, the
velocity of the water in the pipe 24 will only be /3¢ of the
velocity of the water in the nozzle. Thus, the dynamic
pressure of the low velocity flow in the pipe 24 will only be
1/129¢ of the dynamic pressure of the water flowing through
the nozzle. Consequently, the kinetic energy of the water in
pipes 24 will be very low, resulting in the near instant turn
off of the flow through nozzle 22 when the respective
solenoid valve 38 vents the high pressure air driving that
nozzle to atmosphere.

There is of course also flow water in line 26 having a
velocity and kinetic energy depending on the length and
diameter of that line. From these considerations it would be
preferable to have lines 26 be large, like lines 24. On the
other hand, if the tob of nozzle 22 is above the water level
in the pool, the water level in lines 26 will drop between
the time flow through the nozzle stops and the system
refills. 1If the system is to be fired again before refilling

has been completed, the resulting air in line 26 may cause a
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the sol enoid val ves 38, typically reducing the pressure, or at |east the
maxi mum pressure responsive to increasi ngIg ind velocity, and perhaps based
on ot her paraneters such as ti rre or based on nusic or other program
control. Thelp egsure Scontrol hl n thg ree_]c %ged nbodi mént aﬁt ual l'y
control s t he PREEID? 585 spetth SEo I 51 ¢ "Fh%?re " Phough ot her

forms of pressidr eysesH laok eordshialsp imeadal yvebq hlﬁ@densw wager by way of
exanple, an electrically controllable valve at the conpressor output
control | i ng tIm&r§ut p"IRr fthege ofeaishes ifoﬁfpres%f(ﬂfabbset@ seep Ndndowhé st ream ai r

ressure so as t stre essure to that desired at the
ltoi ne. 'ﬁ?la sﬂ‘gé r?%ggng g% P88 RF RIF Yo% of the

sol enoi d val vlqs,esasaéﬁ, Q,Qegatgeveepgt;yﬁ@n one of two states, the first
coupling line 40 to respective one of lines 36, and the second bl ocki ng

line 40 and venti A§ d¢sieeds one cohéd atlvosphase at hhexkglvalve iexkadst port 54

thereon. Int e ate, nanely.the second state of a sol enoid
val ve 38 gl%ig \/fsf’c% g{ I"’ﬁ’f?{/eﬁ°y¥f‘%'?'g"é‘tcﬁgcﬁg’e\/éfaf‘/%e‘itﬁ"e

nozzle 22, but to not reverse direction so as to be able to
draw air into the system through the nozzles. Such a check
valve preferably should be relatively fast acting, though a
spring loaded or substantial gravity driven check valve could
be used for this purpose as such valves would only need to
open in response to substantial differential pressure there
across, in comparison to check valves 30 which preferably
will open in response to only a very few inches of water or
less. Further, check valves 30 may be placed in lines 24
rather than on the other side of Tees 28, perhaps closer to
the elbow 34, though still sufficiently below the water level
in the pool so as to be positively opened by the water
pressure at that depth of water in the pool. At such a
location, check valves 30 would not be subjected to the
dynamic pressure of the flowing water in pipes 24 at the time
the same were vented to the atmosphere by solenoid valves 38,
thus enabling the same to open to refill pipes 24 even before
the flow through nozzles 22 completely stops.

The advantages of the system just described may be seen
in the schematic drawing of Figure 3. 1In particular, because
the air pressure driving the water expelled from each nozzle
may be very quickly turned on and turned off and because
there is not much kinetic energy in the water in the system,

the solenoid valves may be operated to provide bursts of
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conparison to the respective nozzle 22, will open, allowing water to

quickly fill

all the system | ocated bel ow the water | evel

in the

pool. In general, the systemnormally will be filled with water up to the
water line, with solenoid 38 being |ocated thereabove and very quickly

electrically opesmlthagisy erbhed taaEPbér agBoPFRpSHE Enith £k the system or
alternatively vent the systemto an atnosphere to quickly stop the f
wat er t hrough F*@’stégﬂe@i |5\Pé5h@2tzlaélan%l11t of tid owteheltsysemnpayqurckl y

refill thereaffg
primarily each ot Oir fcf4

ecgeen |or21é§E gure 2, the subnmerged pi

nozzle 22, belntgrmualse&me&dzligﬁtenlset lﬂﬁf Mjbﬂ&ﬁn wRt PemAdct Ceddre |ine
supplying the respective nozzle with water. The sol enoi d val vés 38 on the
ot her hand areadnd/or the provide animation in the water display by the

coordination of the operation of the multiple solenoid
valves. This is schematically illustrated in Figure 3,
wherein a short burst of water 60 is shown travelling upward
from nozzle 22, with a previously discharged burst 62
reaching the top of its trajectory and starting to fall back
into the pool of water therebelow. Obviously, with a
plurality of nozzles disposed such as in a linear or two-
dimensional array, the bursts of water therefrom may be
sequenced, varied in duration, coordinated with music, dance,
etc., to provide a simple yet dynamic and attention getting
display, all through program control of computer 48 (Figure
1) which alternatively may itself also play and/or control
other simultaneous events such as by way of example, the
accompanying music,

Normally, to provide substantially noise free operation,
the duty cycle of operation of each of the solenoids 38
should be limited so that at least some water supply will
remain for each of the nozzles 22 to prevent the air under
pressure driving the respective nozzle from itself being
directly exhausted from the nozzle, though in general, the
relatively quick refilling of the system will allow such
operation with a reaéonable duty cycle being used. This is
not to say however, that the complete exhausting of the water
from a nozzle 22 and the associated sounds caused thereby
could not be used for its sound effect value, though the same

would somewhat limit how guickly thereafter additional spurts
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effectively coupled adjacent the top of the water reservoir pipes 24 to
pressurize the water therein and force theisane out through the nozzle

W thout injecting air into a region which could be swept out of the nozzle
with the water. Thus, in the preferred enbodinent, it is desired to define
a uniform unesfr Watexr doudds ¢ mrafnerd bof thecoreesRhdiog nedzler natively if
aeriation is qiaoszizrgg, to provide aeriation by entrainnent of air into the
wat er stream a tﬁe hozzl es thenselves rather than injecting air into the

flow stream bei ngrasiRes@dré Gt Bfe WZEZWESd, Ithel 10 FOVRSEndMALRET
preferred in the preferred enbodi ment that the air under pressure be

suppl i ed adj acdst -t he afogovtseaehistie depentingoipon shet hatursubstamiial |y

all of the watgr therein y he forced outward through the nozzles 22
wi t hout any of(ﬁtsﬁt‘eLaly pdreees§§g§i ziqﬁ’gbé?tr r§|9§536ﬁ"ﬁ§e§'i mitl ZPPY e PFePPEE and

further for tdiacreésniet baterauchnyNiSeYi 80 ok gymgha%@mgﬂak% the
sane directly accessible for immedi ate and rapid venting when"the sol enoid
38 i s changed rrgsshee sepahil Btiaseof eptical components thereof,

substantial pressures can be used to result in a display of
substantial size and water height capability. On the other
hand, lower pressures, smaller, submerged and/or aeriated
nozzles and associated components, etc., may also be used to
provide attention getting water displays of a much more
limited size, such as might be used.in atrium pools, etc. As
a further alternative, one could vary the air pressure being
supplied to the system under computer control also, alone or
in coordination with music, etc., to provide a still further
dimension to the display. Thus, while certain preferred and
alternate embodiments have been disclosed and described
herein, it will be understood by those skilled in the art
that various changes in form and detail may be made in the
invention without departing from the spirit and scope

thereof.
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line 36 to the atnosphere through port 54. S for a
9 simlar reason that pipes 24 are i ncI]bned hi gh
pressure air does not have an easy path around th ]iﬂt“!l! 24 to

t he nozzl es. As stated before, line 24 is p ger in
di aneter thaglaamgle 22, with [ine 26 preferably al so be| ng Iarger t han
nozzl e 22. As an exanple, consider a system wherein the nozzles 22 have a
1/2 inch flow di aket erAraAdr R‘é@é’ﬁ(?o‘r’%teﬁl gt lay ﬁ%ialsgl nch i nner

di aneter. Thus pipges | d_hay SIX s .the dia of .the nozzl es
conriect ed theretgg loera%t%hwr&%j nq’sﬁz; tdimg %%g%argﬁe% @ nc})‘ffff“’m'Thus,
when water is bei ngcmpebbeebﬂzr A8asms RAEHOad &hdéhE)ZaZbeob&iﬁuseer afnghi gh
pressure air being directed through sol enoid valve 38 and line 36 to the
wat er in the SPEBReRtHO E2hE E 28ask (pee RIUE £9* ofurPARism™Matern t he pi pe 24

will only be.hgrLdo0f the

means for controllably supplying air under pressure to
said water reservoir means to force water theréfrom and out
said at least one nozzle, and for removing air pressure
therefrom; and,

refilling means coupled to said water reservoir means
for allowing water to flow into said water reservoir means
from a pool of water in which said water reservoir means is
disposed when the pressure of the water in the pool of water
adjacent said refilling means is higher than the pressure of
the water in the water reservoir means adjacent said

refilling means.

2. The air powered water display of claim 1 wherein

said refilling means is a check valve means.

3. The air powered water display of claim 1 wherein
said means for controllably supplying air under pressure to
said water reservoir means and for removing air pressure
therefrom comprises:

a source of air under pressure; and,

control means having first and second states, said first
state coupling said source of air under pressure to said
water reservoir means and said second state venting said

water reservoir means to ambient pressure.
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velocity of the water in the nozzle. Thus, the dynamc pressure of the | ow
velocity flowin the pipe 24 will only be [err] of the dynam c pressure of
the water flowi ng through the nozzle. Cobsequently, the kinetic energy of
the water in pipes 24 wll, be very.lo resulting i he near jnstant turn
off of the flow thf’ougﬁyl\%oazizrl 8°§"2’%’ﬂ1é"ﬁ¥\%ﬁe FRspec |\?gal"§§l gﬁ?_‘)f%l“\/al ve 38
vents the hi gbapd @saUES] aldand! i ¥i1@htbalporf0Zgldhdia M IRSPHEF R ive There
is of course also flowwater in line 26 having a velocity and kinetic

ener gy dependFagedtrehtallongehp kndhedf brast ppriofthelygaef [tonshe Fremontdhese

consi derationg ] ld. b ptef er.able to have lines 26 be rge, like
lines 24. On ?ﬂ%aé t\é\%%ggf hwglr?a, JLI|’f'=satl%ef%’f)spt SFaﬁ%zaznldegQZc?né:rﬁbi)%’el%t he wat er

level in thecpegle thBesdin@r pbeY ehekBot itReend Gen¥irkl psktORnbLISERent he ti Me
flow through the nozzle stops and the system. refills. If the systemis to

be fired agai APb¥Figh eererid IStrhgy dedd Pbeat ponplhetiod, ceupdedesulsaidg air in
line 26 may ngégééiof air under pressure, said second port being coupled
to said water reservoir means and said third port being

vented to ambient pressure.

5. The air powered water display of claim 3 further
comprised of computer means coupled to said control means for

controlling the same by program control.

6. The air powered water display of claim 1 further
comprised of air speed sensing means coupled to said means
for controllably supplying air under pressure to said water
reservoir means for varying the pressure of the air supplied
by said means for controllably supplying air under pressure
to said water reservoir means responsive to the speed of air

around the water display.

7. The air powered water display of claim 1 wherein
the at least one nozzle is disposed with the outlet thereof

slightly above the surface of the pool of water.
8. The air powéred water display of claim 1 wherein

the at least one nozzle is disposed with the outlet thereof

slightly below the surface of the pool of water.
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10 poppi ng noi se, a water hamrer in the respective portion of the system
and a resulting initial very high energy ter spurt. For these reasons it
is-preferable to keep lines 26 relatively snall so that the total anount

of air in any one 4lin 6 ver bhe ve i gh. | f desjred, one
coul d al so place ag'chegﬁgv%ﬁ%\?gopﬁr%gg ge%fc{ﬁ%f’gae’g °f6°%%i_“hlll SW%"er to flow
out of the respedtvwater ruseziveirZneandt 1§ Godpled AWLESEY it @644100n80 as to be
able to draw air into the sgstemthrough t he nozzl es. Such a check valve

preferably shBfiftlepadpacent e pataom oftsadd, reseoughr areaspramt saddded or

substantial g ' riven ck val ve coul be used for this purpose as
such val ves V\gﬁ{# Bo%r??yé%nzcérag?%bf(yopsé’ﬁpf%mrgeg Bﬁglgefop%ﬁfﬁgf‘én‘i? Said .
differential paessueeeiflremedtd GSS cohpl LOBPNL 1200k ¢REEK, 43! ves 30 which
preferably wll open in response to only a very few inches of water or

| ess. Furt her "eaHe@rideinteshgtamyhbeeq.aced in |ines 24

10. An air powered water display comprising:

at least one nozzle disposed to direct water therefrom;

water reservoir means. disposed under a pool of water and
coupled adjacent the bottom of said reservoir to said at
least one nozzle for supplying water thereto;

means for controllably supplying air under pressure to
said water reservoir means adjacent the top thereof and for
removing air pressure therefrom; and,

check valve means coupled to said water reservoir means
for allowing water to flow into said water reservoir means
from a pool of water in which said water reservoir means is
disposed when the pressure of the water in the pool of water
adjacent said check valve means is higher than the pressure
of the water in said water reservoir means adjacent said

check valve means.

11. The air powered water display of claim 10 wherein
said means for controllably supplying air under pressure to
said water reservoir means and for removing air pressure
therefrom comprises:

a source of air under pressure; and,

control means having first and second states, said first

state coupling said source of air under pressure to said
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rat her than on the other side of Tees 28, perhaps closer to the el bow 34,
though still sufficiently below the water level in the pool so as to be
positively opened by the water pressure at that depth of water in the
pool. At such a |location, check valves 30 would not be subjected to the
dynam ¢ pr essuf&e3f TeHFOLEWFeR Swandr said spped 34ake venbing raidt he sane

were vented togthe g]g{@%{%@rge 5 38! aer[‘)%;egltval ves 38, thus enabling the

same to open to refi pes 24 even oret The I ow through nozzl es 22
conpl etely stops. The advantages of the systemjust described may be
seen in the schematic drawing of Figure 3. In particular, because the air
pressure driving tHé-wallst adxpRPYesgsf reiate dépp kryz 2 eclatmy 1bewhegreynqui ckl y

i i ' r in
the wator i tHE eyt e APEa A B e B Ce i 4L Bar %1 ov) e
bursts of to controllably couple the first port thereof to the second

port thereof when in said first state and to controllably

couple the second port thereof to the third port thereof when

in said second state, said first port being coupled to said

source of air under pressure, said second port being coupled

to said water reservoir means and said third port being

vented to ambient pressure.

13. The air powered water display of claim 11 further
comprised of computer means coupled to said control means for

controlling the same by program control.

14. The air powered water display of claim 10 further
comprised of air speed sensing means coupled to said means
for controllably supplying air under pressure to said water
reservoir means for varying the pressure of the air supplied
by said means for controllably supplying air under pressure
to said water reservoir means responsive to the speed of air

around the water display.

15. The air powered water display of claim 10 wherein
the at least one nozzle is disposed with the outlet thereof

slightly above the surface of the pool of water.
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water ranging froma time period corresponding to the expul sion of
substantially all of the water in the su y or reservoir for the
respective nozzle, down to very short bursts as one might use in
conjunction with nusic, etc. and/or to provide animation in the water
display by the c&8rdiThe PéR RAvarRe Wat’iiﬁiadf of hd adml 19 pihersbh enoi d

val ves. This éh% 8gh JE%T‘:I Sﬁélé'oz'zlllraijs'” ltsegl r%ngg&}wggglr%qahshort

burst of water shown trave vvsard

previously dlﬂdbafgﬁdadlldﬁSiheﬁ%urEEé’&h:lfHQh{:h.%o‘lo@f Qfatkks trajectory and
starting to fall back into the pool of water therebelow. GCbviously, with a
plurality of nozzles disposed such as in a Iinear or two- dinensional
array, the bursts, of vat er thereerf rdomtmaryd guenced varied in duration,
coordinated with misic . GAACET & "% b?%vayd WiBPE yet dynanic and

attention gettinga pih&ﬁllayy o |notzBl[@éJgﬁsBB£E]i’ am gondkolady comput er 48
(Figure 1) which alternatively may itself also play and/or control
therefrom;

a plurality of water reservoir means disposed under a
pool of water, each coupled to one of said nozzles for
supplying water thereto;

means for controllably and independently supplying air
under pressure to each of said water reservoir means to force
water therefrom and out the respective nozzle, and for
removing air pressure therefrom; and,

refilling means coupled to each said water reservoir
means for allowing water to flow into the respective said
water reservoir means from a pool of water in which said
water reservoir means is disposed when the pressure of the
water in the pool of water adjacent said refilling means is

higher than the pressure of the water in the respective water

reservoir means adjacent said refilling means.

18. The air powered water display of claim 17 wherein

each said refilling means is a check valve means.

This Shee

i
U O
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ot her sinultaneous events such as by way of exanple, the acconpanying

nmusi c. Normal |y, to provide substantjglly noise free operation, the
duty cycle of operation of each of the sol enoids 38 should be linited so
that at | east some water supply will remain for each of the nozzles 22 to

prevent the air undigr preeséur@h@révimetheispaspecfiqﬂeimox‘zlmeﬁ:émm itself
being direct ls\é xhaust fromt nozzl e, thou%’ I n general, the

d
relatively qui cl%gre?ﬁqsl Ry S"FR Mt BRY indePErdeRy 1Y LEPPPIgiRF 4N with a

reasonabl e dutupdéyChieR@kr80dI28eh salld Saisr QLI SA¥akOWRUCE,, that the
conpl ete exhausting of the water froma nozzle 22 and the associated

sounds caused repey &by alconteﬁsrme e nesednm fapmpri sess:ound ef f ect val ue, though
the sane would sopewhat |i Jups how, qui ckly thereafter additional spurts

12 of water coul d sb°e“§?o%lucel(§ By h 83T E<pBAdE ng nozzl e or

control means coupled between said source of air under
pressureland each of said water reservoir means, said control
means having first and second states for each of said water
reservoir means, said first state coupling said source of
air under pressure to the respective said water reservoir
means and said second state venting the respective said water

reservoir means to ambient pressure.

20. The air powered water display of claim 19 wherein
said control means for each said reservoir is a three port
solenoid valve operative to controllably couple the first
port thereof to the second port thereof when in said first
state and to controllably couple the second port thereof to
the third port thereof when in said second state, said first
port being coupled to said source of air under pressure, said
second port being coupled to the respective said water
reservoir means and said third port being vented to ambient

pressure.

21. The air powered water display of claim 19 further
comprised of computer means coupled to said control means for

controlling the same'by program control.

22. The air powered water display of claim 21 wherein
said computer means is a means for independently controlling

the air pressure in each said water reservoir means.
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nozzl es. The pressure of the air used, the size of the nozzles,
etc., is of course variable depending upon the nature of the display
desired. In that regard however, it should be noted that because of the
sinplicity of the system and the hi gh pr%ssure capabilities of typica
conponent s t her eof, substantlal pressures can be used to result in a

di spl ay of substgyti% fe %Qgr te;:er ﬁpg C%H?blait%. gnrghe ot her
hand, | ower presstures, rge hdforotadita eJ nozzl'es and

associ at ed ceaﬁ@f\ﬁudsofeaicr. ,spg@d/_s%!n%@n@@t_xeléﬁedc&ﬁbleﬂr@d’!s@@daﬁé.ﬂfg| on getting
wat er displays of a nmuch nore limted size, such as mght be used in
atri um pool s forteentaslizbivusphrty iat atnaindes, Prassuce i svéﬂywqm air

pressure bein su ied tq the syste under compuyt er cqntrol o, alone
Pae R, pitng dek Varéx‘é‘g o Fyrovite g Elﬁ 1%+ ﬁ?‘f‘?‘%"’% di mensi on

or in coordfRATTON W EH iS¢

to the displ gy. sditiseaiblidsy G@ﬁﬁ@lﬂagiﬁfﬁfpbggixﬂfglratmd%rrnﬁt:gssﬁ‘.{mom ment s
have been di scl osed and described herein, it wll be understood by those
skilled in the sg@id water reservoir means responsive to the speed of air

around the water display.

24, The air powered water display of claim 17 wherein
at least some of said nozzles are disposed with the outlet

thereof slightly above the surface of the pool of water.

25. The air powered water display of claim 17 wherein
at least scme of said nozzles are disposed with the outlet

thereof slightly below the surface of the pool of water.

26. The air powered water display of claim 17 wherein
each said water reservoir means is coupled to the respective
said nozzle adjacent the bottom of said reservoilr means and
said means for controllably supplying air under pressure to
sald water reservoir means is coupled to each said water

reservoir means adjacent the top thereof.

UL T
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that various changes in formand detail may,goe nmade in the invention

W t hout departing fromthe spirit and scope thereof. 1.

An air powered water display corrpri si ng: at | east ogebnf)zzl ehdl sposed
to direct water the fr m .wat er servoir, nmeans di sposed bel ow t he
surface of a pool o ﬁopw&fﬁ ctRtes SiFRiax; comprdeinge nozzle for

suppl yi ng wat er theaeglq,,rallty ofT58B51d0s SLOLL Al L5 UpRlYi ng air under
pressure to said water reservoir nmeans to force water er éf rom and out

said at | east therefon: e and for controllably renovi ng air pressure from

said water reservoir ter I's being forced out of said reservoir to
stop the same; and,® P ¥al o8 FRRYE FEAREVUSUPERF CdsResed WAERY A eservoir

means for allgubnhMahesr ) (%aclho%ﬁ;ﬁte% §é‘ﬁﬂ:e\ﬁ@t Ele 'bgts_@éryq:lherggpq.%

one of said nozzles for supplying wéter thereto;

means for controllably and independently supplying air
under pressure to each of said water reservoir means adjacent
the top thereof to force water therefrom and out the
respective nozzle, and for removing air pressure therefrom;
and,

check valve means coupled to each said water reservoir
means for allowing water to flow into the respective said
water reservoir means from a pool of water in which said
water reservoir means is disposed when the pressure of the
water in the pool of water adjacent said check valve means is
higher than the pressure of the water in the respective water

reservoir means adjacent said check valve means.

28. The air powered water display of claim 27 wherein
said means for controllably and independently supplying air
under pressure to each said water reservoir means and for
removing air pressuré(therefrom comprises:

a source of air under pressure; and,

control means coupled between said source of air under
pressure and each of said water reservoir means, said control
means having first and second states for each of said water
reservoir means, said first state coupling said source of
air under pressure to the respective said water reservoir
means and said second state venting the respective said water

reservoir means to ambilent pressure.
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froma pool of water below the surface of which said water reservoir means
I s di sposed when the pressure of the water in the pool of water adjacent

said refilling means is higher than the pepessure of the water in the water
reservoir means adjacent said refilling nmeans. 2 The air

powered water display of claim1 wherein said refilling neans is a check
val ve neans. 3 The air powered water display of claim1 wherein

said means for confPol | H P3RSy PAGHatier ﬁ#ﬁié@YpPés?mi@ 2® whsapth wat er
reservoir neangangedioy’ | a ressure therefromconprises:

source of air underopré’s}sﬁg%;g g%a,égcrpSgl%orr?_tsff)rofr’%gﬁsahta’{ﬁeﬁgp?ﬁ'trst and
second stat es,scdandid ivadve speariaeicOU gt SANbSPWRB10fe 1R Fipgder pressure
to said water reservoir nmeans and said second state venting said water

reservoir meaRS*EotRi5oEnto piesgapend port thereof when in said first

state and to controllably couple the second port thereof to
the third port tﬁereof when in sald second state, said first
port being coupled to said source of air under pressure, said
second port being coupled to the respective said water
reservoir means and said third port being vented to ambient

pressure.

30. The air powered water display of claim 28 further
comprised of computer means coupled to said control means for

controlling the same by program control.

31. The air powered water display of claim 30 wherein
said computer means is a means for independently controlling

the air pressure in each said water reservoir means.

32. The air powered water display of claim 27 further
comprised of air speed sensing means coupled to said means
for controllably supplying air under pressure to said water
reservoir means for varying the pressure of the air supplied
by said means for controllably supplying air under pressure
to said water reservoir means responsive to the speed of air

around the water dispiay.

33. The air powered water display of claim 27 wherein
at least some of said nozzles are disposed with the outlet

thereof slightly above the surface of the pool of water.
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14 4. The air powered water display of claim3 wherein said
control neans is a three port solenoid valye operative to controllably
couple the first port thereof to the secofti port thereof when in said
first state and to controllably couple the second port thereof to the
third port thereof when in said second state, said first port being
coupled to said sdurcehefaiai poumneer wptSadEplas aifdcs£G0Rd PRéte e Ng
coupled to said water reservoir means and said third port being vented to
anbi ent pressify 83st some of saidrpazzles gsRefbiParateritdi spegrtdrtel aim 3

further = conpiesedeols GHIRY!BOLAPERS SO4RLEDE n8Rhic Rt e eans for

controlling the sanme by program contr alr ‘powered water
display of claim1 further conprised of air speed sensing nmeans coupled to
said means 35. A method of generating a water display comprising

the steps of:

(a) providing;

(i) at least one nozzle disposed to direct water
therefrom;

{ii) water reservoir means disposed under a pool of

water and coupled adjacent the bottom of said reservoir
to said at least one nozzle for supplying water thereto;

(iii) means for controllably supplying air under
pressure to said water reservoir means adjacent the top
thereof and for removing air pressure therefrom, said last
named means including a source of air under pressure and a
controllable valve means; and,

(iv) check valve means coupied to said water
reservoir means for allowing water to flow into said water
reservoir means from a pool of water in which said water
reservoir means is disposed when the pressure of the water in
the pool of water adjacent said check valve means is higher
than the pressure of the water in said water reservoir means
adjacent said check valve means;

(b) controlling said valve means in time and duration
to provide bursts of water from said at least one nozzle
correspondingly controlled in time and duration to provide a
form of dynamic water display using a duty cycle which keeps

sufficient water in said water reservoir means to prevent air

from the supply of air under préssure from being expelled
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for controllably supplying air under pressure to said water reservoir
nmeans for varying the pressure of the air~supplied by said neans for
controllably supplying air under pressure to said water reservoir neans
responsive to the speed of air around the water display. 7. The
air powered WBX¥t sgidpitayieaft cingd meizlhelvaing a hurst dfewatemdeomozzlie is

di sposed V\Athsé%ljea(guﬁr%et thereof . slightly above the surface of the pool of

wat er . aeStaioPep%?/\z/ezrlgd wat er display of claim1l wherein the

at | east one nozzle is disposed with the outlet thereof slightly below the
surface of the pool of water. 15
9. The air power &f-wafke mtitdplagf cfladhalinwhepgiay erhd avatdoldatbde reservoir

means 1S COprlraeret g\egr?‘é Cgsa%nlgflesétrggglly controllable valve means and

step (b) is carried out by a computer under program control.

37. A method of generating a water display comprising
the steps of:
(a) providing;

(1) a plurality of nozzles disposed to direct
water therefrom;

(1i) a plurality of water reservoir means disposed
under a pool of water, each coupled adjacent the bottom
thereof to one of said nozzles for supplying water thereto;

{iii) a plurality of controllable valve means, each
for controllably and independently supplying air under
pressure to each of said water reservoir means adjacent the
top thereof to force water therefrom and out the respective
nozzle, and for removing air pressure therefrom; and,

(iv) check valve means coupled to each said water
reservoir means for allowing water to flow into the
respective said water reservoir means from a pool of water in

which said water reservoir means is disposed when the
pressure of the water in the pool of water adjacent said
check valve means is higher than the pressure of the water in
the respective water reservoir means adjacent said check

valve means;

RN
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nozzl e adj acent the bottom of said reservoir nmeans and said neans for
control |l ably supplying air under pressure?4o said water reservoir neans is
coupled to said water reservoir nmeans adjacent the top thereof.

10. An air powered t [ risi,ng.; at, | east one nozzle

di sposed to direct (%t gontqﬁ§?£€l¥go%ggp dald g%%veer mfggsérl\?o??mﬁeaa{‘r?s di sposed
under a pool cfuraties tandroctiphedsedjciCentert TeoRddiAMpiraky s£S€rVoir to
said at |east one nozzle for supplying water thereto; means for
control | ably S\P3BLGT Praeerenianipreansaptled inshine watedurasdenvoi r neans

adj acent the : her ngle Ln I L_pressure erefr and,
check val ve netpg%gaggu%%fgéﬁt%f sogﬁam\{/\ip}e%\réefes% \}(a)?rusrriélgng lfh‘d’r céff%%\/i ng wat er
to flow into Sardemelt evaides®IwOmean®amschfkedpsasPolcioht Walter i Mai ch said
water reservoir neans is disposed when the pressure of the water in the
pool of water Te3BFSLEIR sadd datREckesanvedr meats te Hrieghet airafiromeher essure

supply of air under pressuré from being expelled from the
respective said nozzle during a burst of water from said last

named nozzle,

38. The method of claim 37 wherein said plurality of
controllable valve means are electrically controllable valve
means and step (b) is carried out by a computer under program

control.

This Sheet Has Been Replaced
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of the water in said water reservoir meangsadj acent said check val ve

neans.

‘reservoir neahs

11. The air powered water display of claim10 wherein said
means for controllably supplying air under pressure to said water
A MLTE OF _THENDTS MRE pressure therefrom conprises: a
under pressure;  and control neans having first and

source of air

second states, saif@sFi achings plrRovesed) Yaters 44 8P 1oy i@ mayrbinder pressure

to said

. CO
and sai d second state venting sal

pressure.
said contro

& JIled t @i r rese LI
PUter oontrotied ta 3peﬁa/a'ieer°v$lés%r vgfr%nggt%ué\é Pent

nmeans

and tih2ngd hmdainetpase bEdopiriatlinglithel aymefarel aiselbbewher ein

nmeans is-a three port solenoid val ve operative
The water displays are comprised of one or more nozzles

directed upward, typically just abové=or just below the water
level in a fountain pool. Each nozzle is connected to a
water reservoir submerged, at least iﬁ part, in a fountain
pool and coupled adjacent the bottom df the resefvoir to the
inlet for the nozzle. The water reservoir, which may be in
the form of a pibe of a substantial diémeter, is also coupled
to a check valvg submerged in the fountain pool to allow
water to_réfill.the reservoir but to prevent water from
escaping theref;qm through the check v&lve. A solenoid valve
contrqllaply connects the upper portion of the water
reservolr to a supﬁly of air under pressure. The solenoid
valve is oper#tive'between a first.cdndition coupling the
supply of air undér pressure to the up?er poitioﬁ of the
water reservoir, and a second conditioﬁ venting the upper

portion of the reservoir to the atmospﬁere. This arrangement

~allows operation of the water display in various ways ranging

from short repetitive bursts of water'up to an expulsion of

~all the water in the reservoir in a single burst. Various

featuresrinh alternate embodiments, including computer

control, are disclosed.
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to controllably couple the first port thereof to the second port thereof
when in said first state and to controllably: couple the second port
thereof to the third port thereof when in said second state, said first
port being coupled to said source of air under pressure, said second port
- being coupled to said water reservoir neans and said third port being

vented to anbi ent pressure.. 13. The air powered water display of
claim 11 further conprised:of conputer neans coupled to said control neans
for controlling the same by program control. 14. The air powered

water display of claim10 further conprised of air speed sensing neans
coupled to said means for controllably supplying air under pressure to

said water r : e pressure of th alr §Bppl i ed
by said neanf{ Tor co 0 [yT ng _[__u‘mier essur aid water
reservoir mefns re ve ftlo\t ed of %i‘i'r }6 48
. 1138 . /
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around the water display. 15. The air powered water display of
claim 10 wherein the at | east one nozzle is disposed wth the ,outl et
thereof slightly above the surface of the pool of water.

17 16. The air powered wat er sesplay of claim 10 wherein the at

| east one nozzle is disposed with the™ &t thereof slightly below the
surface of the pool of water. ol Ar®air powered water display
conpri si ng: a plurality of no2zl eg digposed to direct water

t herefrom a plurality of water rdgpberevoir neans di sposed bel ow t he
surface of a pool of water, each couffle of

22

32

XPRESS MAIL # B25500805



sai d *nozzl es for -supplying water thereto;

I ndependent!ly supplying air

means to for

ce

under

neans for

pressure to each of said water
wat er. t herefrom and out the respective nozzl e,

control | ably and
reservoir
and for

controllably renoving air pressure fromthe respective said water reservoir

‘when wat er

refilling nmeans coupled to each said water

water to flowinto the respective said water

of water

refilling me
wat er
power ed wat e
check val ve

38

ans i s

bel ow t he surface of which said water
when the pressure of the water

I n the pool

22

24

38

20

. e

e m)
38
22

is being forced out of said reservoir to stop the saneg;

reservoir
‘reservoir
reservoir

and,

means for all ow ng
means from a pool

means i s di sposed

of water adjacent said

hi gher than the pressure of the water
reservoir neans adJacent said refilling neans.

32 EI/ 30
i
30 °

T
g no
AL

7

I n the respective

18. The air
each said refil Ik @ns is a
——40 6 _ 48
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19. The air pomeredﬁmater di splay of claim17 wherein said neans for
“control | abky &nd i ndependently supplying air under pressure to each said
wat er reservoir nmeans and for renoving air pressure therefrom conprises:

a source of ajr under pressure; and, control means coupl ed between
said source ofgair under pressure and e wsSai d water .reservoir neans,
said control “neans having first and sem™ Res for each of said water
reservoir neans, said first state coupling i & eource of air under

pressure to the respective said water weserffoir® neans and sai d second
state venting the respective said water refervoir -imreans to anbi ent
pressure. 20. The air powered waier drébla of claim19 wherein
said control neans for each said reservoir }JIs a -Zﬁaport sol enoid val ve
operative to controllably couple the first t thereof to the second port
t hereof when in said first
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.'state and to controllably coupl e the second port thereof to the thWPB*ﬁG?T
epf when'in said second state, said first port being coupled to said

€ ’of air under pressure, said second port being coupled to the

'ctrve said water reservoir means and said third port being vented to
‘pressure. 21. The air powered water display of claim19

conprlsed of conputer neans coupled to said control neans for

;q_”'mng the sanme by program control. 22. ~qat er
ay:-of..claim-2%- i:leln said conputer neans is gE@@AﬁghﬁﬁﬁmiﬁﬁﬁT

the air pressure in eachisdid water resejveir
ABSTRACT 19 3 10CT 1996

.f.'\'_'..’I‘LE :+ FAST ACTING AIRPOWERED WATER DISPLAYS

- Fast acting airpowered water displays which may be
iﬁputef controlled to operate over a wide range of duration
d timings and methods of operating the same are disclosed.
=Thé water displays are comprised of one or more nozzles

( 2). Each nozzle (22) has its inlet connected adjacent the
;b ttom of a water reservoir (24) submerged in a fountain

. '61 (20). The water reservoir (24) is also coupled to a
'héck valve (30) to allow water to refill the reservoir (24)
_g# to prevent water from escaping therefrom. A solenoid

v iVe (38) controllably connects the upper portion of the
iW§ter reservoir (24) to a supply of air under pressure (42).
”fﬁé solenoid valve (38) is operative between a first
fc§hdition coupling the supply of air under pressure to the
7§§er portion of the water reservoir, and a second condition

enting the upper portion of the reservoir to the
=tmosphere.
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speed sensing means coupled to said means for contro

. clalnf17 whe
-respeptlve

23..-The air power ed water display of cIa|n117 further _conpri

sed of air
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ropressure to sai d wat er reservoir means for var

‘the r-supplied by said neans for controllably suppjy{ng air_under
~ pressure to said water reservoiri/means responsive tofthe §b@6@'ﬁ?6air
around the water display. 24. The air powered] water display df
'17 mhereln at | east sonme of said nozzles are df sposed wth tThe
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. . :
. said nozzle adjacent the bottom of said reservoir means and said nmeans for
; controllably supplying air under pressure to said water reservoir neans is
; coupled to_each said water TeserVvoir nmeans adjacent the top thereof.
S 270 Anair -power ed wat er  dj conpri si ng: a plurality
es di sposedito direct water ¢ AJuiE a plurality of water
sposed under a poole offf wat®r, each coupl ed adj acent the
‘one of said nozzl 8s f sQpplyi ng water thereto;

bly and-independently supplylng air  unpEr-presst-e—to
-reserVOir means adfac¢ht @ top there HﬂAGENﬁ@ﬂ\&HBET
‘ for renDV|ng 7ir pressure

betton1thereof id
neans'for pontrQL

respective nozzle
o 3 10CT 1996
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5 check val ve nmeans coupled to each said water

reservoir

means for allow ng

water to flow into the respective said water reservoir nmeans_fra ool
of water. in which said water reservoir nmeans is dig P@BH$FSHEEK ssure
zof .the ‘water in the pool of water adjacent said chggﬁf Slve RS S
“hirgher than the pressure.of the wate¥4 n the respectf e water §ﬁe vair
.means adj acent said check val ve nmeans. 28. The| adrt G&é atler
“di'spl ay ‘of claim 27 whereirn said means for controllhb]y and i ndepeddgnt | y

~supplying air
-renmoving . a|r pressure therefrom conprises:

under pressure to each said water res

a S

B VOI r

nmeans and flor

spr-essure; and, > control means coupl ed between said source of air under
‘pressure -and =ach-—ef—sald Vater_reservoir neans, said control means having
first and sefond St gie o R aCTTQ g—ARt er reservoir ans, said first
~state couplilfg sajd _g#lr ce g 5 ess40 e t4g6the ecti*ve sai d
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neans and said second state venting the respective said water reservoir

' means’:to anbi ent pressure. . 29. The air powered water

di splay: of claim 28 wherein said control neans for each said reservoir is

a threée port solenoid val ve operativg/4o control | ably coupls '

port thereof to the.second: port t her eof n said first |REPIg
co the third p¢

cBupl ed to saifl § f of air

| edeto the resp gQTd@96

erng vented to nt

i.n sald second state
under: pressure sard :
water : reservoir- ‘means and.said third port
pressure e ﬁﬁ; o
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3Q. The air powered water display of claim28 further conpri sé"é“

corrputer neans coupled to said control neans for controlling the sane by
program control . 31. The air powe?ed wat er display of claim 30
wherein -said corrput er means is a neans for independently control ling the
air pressure | ach said water_ reservqir The air

power ed wat erled’l gpf‘%fh(?f PRPLi mIB79¢%S erth%éﬁﬁ??‘%é‘d"ﬁ?lﬁf r"’iébe%?j sensi ng

nmeans coupl edeiiqedal kR0 JPeoCOR WakhADI1¥e S UPILY sBe Al a YRDEr pressure
to said water reservoir means for varying the’ pressure-of the air supplied

by said meanse€img tosrted| th@tsnbm’pp#t}d Ngrmquiuhderelplces*semay to said water
reservoir means re ggonsi gglato t he speeg‘ air ound the water display.
a

33. The air povwered: wat &F PS5 FOAF L8 AP aPRFSFP =Rt eith Bt I%858P Hhe of

sai d nozzl es me:daemgdvm heHeN8y Ol @5 ad faeﬁsgghe&@ ghtéyiahgve the
surface of the pool of water.

stop the flow of water through the respective nozzle and to
allow the system to Quickly refill thereafter.

As may be seen in Figure 2, the submerged piping,
primarily each of pipes 24, act as water reservoirs for the
respective nozzle 22, being coupled adjacent the bottom of
pipe 24 to the line supplying the respective nozzle with
water. The solenoid valves 38 on the other hand are
effectively coupled adjacent the top of the water reservoir
pipes 24 to pressurize the water therein and force the same
out through the nozzle without injecting air into a.region
_which could be swept out of the nozzle with the water. Thus,
in the preferred embodiment, it is desired to define a
uniform unaeriated flow stream out of nozzles 22, or
alterna;ivély if aeriation is desired, to provide aeriation
by entrainment of air into the water stream at the nozzles
themselves rather than injecting air into the flow stream
being supplied to the nozzles. It is of course further
preferred in the preferred embodiment that the Air under
pressure be supplied adjacent the top of each water reservoir.
so that substantially all of the water therein may be forced
outward through the nozzles 22 without any of the
pressurizing air also.being similarly expelled, and further
for the reason that sucﬁ injection of pressurized air makes
the same directly accessible for immediate and rapid venting

when the solenoid 38 is changed to the second state, venting

t is for a
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34. The air powered water display of claim27 wherein at.least sone of
sai d nozzles are disposed with the outlet jihereof slightly below the
surface of the pool of water. 35. A nethod of generating a water
di splay conprising the steps of: (a) providing; (1) at

| east one nozzlg 4 SRRSEY 0ol { She'BhAlca LUBUSHAG o the | (11)

wat er reservoir neans e r pool o . and coupl ed
adj acent the betguisios chisdbsesariaaly alloofaiitk wabdr limashe ippngzate for
suppl ying water thereto; (tii) means for controllably supplying
air. under reservolr for the respective nozzle, down to very short '
' bursts as one might use in conjunction with music, etc.,
and/or to provide.'animation in the water display by the
coordination of the operation of the multiple solenocid
valves. This is schematically illustrated in Figure 3,
wherein a short burst of water 60 is shown travelling upward
from nozzle 22, with a previously discharged burst 62
reaching the top of its trajectory and starting to fall back
intoc the pool of water therebelow. Obviously, with a
plurality of nozzles disposed such as in a linear or two-
dimensional array, the bursts of water therefrom may be
sequenced, varied in duration, coordinated with music, dance,
etc.; to provide a simple yet dynamic and attention getting
display, all through program control of computer 48 (Figure
1) which alternatively may itself alsc play and/or control
other simultaneous events such as by way of example, the
accompanying music.

Normally, to provide substantially noise free operation,
the duty cycle of operation of each of the soclenoids 38
should be limited so that at least some water supply will
remain for each of the nozzles 22 to prevent the air under
pressure dri&ing the respective nozzle from itself being
directly exhausted from the nozzle, though in general, the
relatively quick refilling of the system will allow such
operation with a :eaéonable duty cycle being used. This is
not ﬁo say however, :hat the complete exhausting of the water
from a nozzle 22 and the associated sounds caused thereby
could not be used for its sound effect value, though the same

would somewhat limit how quickly thereafter additional spurts
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pressure to said water reservoir neans adjacent the of -and for
renovi-ng air pressure therefrom said Ias& named: r]m'm“m;ﬁiﬁ Isource
of air under pressure and a controllable Val ve neans - in*': (1v)
check val ve neans coupled to said water reservoir neans for allomnng wat er
to flowinto sajgdnater reservoir neans froma pool of water in which said
wat er reserv ans is disposed when the pressure of the water in the
pool of water adjacent agaigk pBAEKed Ala¥Er BBy ScoMp@leIng:t han the pressure
of the water in said water reservoir neans adjacent said check val ve
means; (b) cuntleast iong serzle/slivposasafe direckneatard therefidosn to
provide bursts of water fromsaid at | east one nozzle correﬁpondlngly
control | ed i nwatiemersaseveiy aednsn dtepseehatew e Hhe6e YyRPIC wat er di spl ay

using a duty gyGleeiMahGhedt@eas tossdid at artbstainer ndaz18aict wagElyingser voi r

means to prevent air fromthe supply of air under pressure from being
expel l ed water thereto;

means for controllably supplyihg air under pressure to

said water reservoir means to force water therefrom and out

said at least one nozzle, and for controllably removing air
pressure from said water reservoir when water is being forced

out of said reservoir to gtop the same; and,

refilling means coupled po said water reservoir means
for allowing water to flcw.into said water reservoir means
. from a pool of water below the surface of which said water
reservoir means is disposed when the pressure of the water in
the pool of water adjacent said refilling means is higher than
the pressure of the water in the water reservoir means adjacent

said refilling means.

2. The air powered water display of claim 1 wherein

said refilling means is a check valve means.

3. The air powered wéter display of claim 1 wherein
said means for controllably supplying air under pressure to
said water reservoir means and for removing air pressure
therefrom comprises:

a source of air under pressure; and,

control means hav}ng first and second states, said first

~ state coupling said source of air under pressure to said
water reservoir means and said second séate_venting said

water reservoir means to ambient pressure. .
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23> fromsaid at | east one nozzle during a burst T wat er m\d at
| east one nozzl e. 36. The net hod f7 claim 35 mm& “@m

. controllable valve neans is an electri ca I'y controII nearfs and
- step (b) is carried out by a conputer under program cont rol . 37. A
met-hod of generating a water display conprising the steps of: (a)
provi di ng; 16.  The alpRergred ywaser (fHAPLey <f §E36%‘Ed°t yheFsiect  wat er

ol LM o1 5125 deabd oy sBbi 2114 4 Blostl Flerf BRET SR Iec AR SPOSC

under a pool wat er, each coup ed jacent t tOm théreot to one of
. sai d nozzles Emigmppbyldng that eirfdy @EOthe poocl of watefiii) a plurality of

control |l abl e val ve neans, ‘each
17. an ;ir powered water display comprising:
a plurali;y of nozzles disposed to direct water
therefrom;
a plurali;y of water reservoir means disposed
below the surféce of a pool 6f water, each coupled to oné of
said nozzles fér supplying water thereto;
means for controllably and independently supplying air
under pressurelﬁg each of said water reservoir means to force

water therefrom and out the respective nozzle, and for
controllably removing air pressure from the respective said
water reservoir when water is being forced out of said reservoir

to stop the same; and,

refilling means_coup1ed to each said water reservoir
means for allowing water to flow into the respective said water
reservoir means from a pool of wacer_beléw the surface of which said
water reservoir?means is disposed when the pressure of the
water in the pobl of water adjacent-said refilling means is
higher than the pressure of the water in the respective water

reservoir means adjacent said refilling means.

18. The alr powered water display of claim 17 wherein

each said refilling means is a check valve means.
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for conmtrollably and i ndependently supplying air under—pressure to each of
said water reservoir means adjacent the top thereof ¢ o6 wnt er

. therefromand out the respective nozzle, and;}_-f_iﬂ“! ‘ﬂg{‘@ﬁmﬁfessure

' ~therefrom and, (iv) check val ve ma* ‘ad- 50° each said
wat er reservoir means for allow-2¥ waterito flowinto the respective
said water reservoir neans froma pool of water in which said water
reservoir means i s di sposed when the pressure of the water in the pool of
wat er adj acent @)icdntr6IiQE kachPlalPydFRAmEarsSn int@id dub@idnitd PrdVi@SHiES off the
water in the respective water reservoir nmeans adjacent said check valve
means; water from said plurality of nozzles correspondingly controlled in tifnt-and duration to ( b)

controlling eagh id ve nmeans i,n tine.and rati.on_ to ovi de bursts of
Nater T ronPeaRRGF ok of dypie, B33 SPLAY, Ak By VSIS0 G7F PRI B PV e and
duration tgheBhOWhih Beeh® SifitlentWaRMifs tﬂ@ie%ﬁecﬁbé’}%&iﬁ%vé&éﬂ RderRoft4hdans ¥6! €5 for

each said val ve _
prevent air from the supply of air under pressure from being expelled from the

respective said nozzle during a burst of water from said last named nozzle.

38.  The method of claim 37 wherein said plurality of controllable valve means are
electrically controllable valve means and step (b) is carried out by a computer under

program control.

39. A method of generating a water display comprising the steps of:

(a) providing; | '

) at least one nozzle disposed to direct water therefrom;

(i)  water reservoir means coupled adjacent the bottom of said
reservoir to said at least one nozzle for supplying water thereto;

(iii) means for controllably suppiying air under pressure to said
water reservoir means adjaicent the top thereof and for venting air pressure therefrom,
said last named means including a source of air under presSure and a controllable
valve means; and,

'(iv) means coupled to said water reservoir means for providing
water to said water reservoir means when the air pressure is vented from said water
reservoir means;

(b)  controlling said valve means 1n time and duration to provide bursts of
water from said at least one nozzle correspondingly controlled in time and duration to
provide a form of dynamic water display using a duty cycle which keeps sufficient
water in said water reservoir means to prevent air from the supply of air under .
pressure from being expelled from said at least '-one nozzle during a burst of water

from said at least one nozzle.
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means whi ch keeps sufficient water in the respective said water reservoir

means to prevent air fromthe supply of air under pressure frombeing

expel l ed fromthe respective said nozzle during a: gt BYRRiS 5 ah:0M sai d

| ast named nozzl e. 38. The method of claim 37,3'""3””’%!!&”!}& ity of
control | abl e val ve nmeans are el ectricak23 controllabi e val've ‘realls. and step
(b) is carried out by a conputer under programcontrol.  39. A nethod of
generating a water display conprising the steps of: (a) provi di ng;

(1) at legst Off NR&RsE JF SRAR g?beéﬂéeg%iﬁe%d %hg—&g&ﬂ?@r\%ﬁ%o HMeans is an

(1) wat er reservoir means cou acent t ottom of said reservoir
to said at ¢leatsitalyncontroliable vhlve mennplayd sigp \(b) Breatrivdrast by a computer under

(ii1) means for controllably supplying air under pressure to said water
reservoir niFQESILEAEOENt the top t her eof and for venting air pressure
therefrom said | ast naned neans including a source of air under pressure
and a controll able val ve neans; and, : (iv) means coupled to

sai d wat er A4pser KGhétho@afgeneiing b Watd diplayedodiprisihgIhe slepdfer reservoir
means when the air pressure is vented fromsaid water reservoir neans;
(b) control | i n®sai Proyiding neans in tine and duration to provide bursts

and duration Lo provi b a PERRGE SHRESESEE e a G y cycle
whi ch keeps suffi ci engjjjwat g phirality df wa@iredervoisments] tadkBsdiplel Qdcentand air
fromthe supply of air ‘under pressure from being expelled fromsaid at
| east one nbottdne theeeofteone ¢ saut nozlesfursnpplyingvertdérdheretol east one nozzl e.
- 25 (i) a plurality of controllable valve means, each for controllably
and independently supplying air under pressure to each of said water reservoir means
adjacent the top thereof to force water therefrom and out the respective nozzle, and for
venting axr pressure therefrom; and, |
(iv)  check valvé means coupled to each said water reservoir means
for allowing water to flow into the respective said water reservoir means from a pool
of water in which said water reservoir means is disposed when the pressure of the
water in the pool of water adjacent said check valve means is higher than the pressure
of the water in the respective water reservoir means adjacent said check valve means;
(v)  means coupled to each said wﬁt_er reservoir means for providing
water to the respective said water reservoir means when air pressure is vented from
the respective said water reservoir means; '

(b) controlling each said valve means in time and duration to provide
bursts of water from said plurality of nozzles correspondingly controlled in time and
duration to provide a form of dynamic water display. f.using a duty cycles for each said
valve means which keeps sufficient water in the respi;cﬁve said water reservoir means

to prevent air from the supply of air under pressure from being expelled from the

respective said nozzle during a burst of water from said last named nozzle.
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~40. " THe nethod of- ckaim 39 wherein said controllable valve neans is an
~electrically controllable val ve neans and step (b) is carried out by a

- conput er under programcontrol . 41. A met hod of generating a water

. di splay conprising the steps of: (a) provi di ng; (i)
~a plurality of nozzles disposed to dire6-water therefrom :

(i) a plurality of water-reservoir neans, each coupl ed adjacent the
bottonytherggf tgbone of sai.d-nozzles for supplying water thereto;

(iii) a plt&éali The okethodruifictlimall| wwhet NS ch for controllably and
i ndependent llﬁ ﬁ?iu:ﬂgfl %/i ng ai.f--under pr gg‘é%?@?%ﬁgf?ﬁ%@%ﬁﬂva&? meanseier voi r
means adj acERTTHE (Brollpkle valvetmeans mné stept(by istdagics 6@%85190%tert hes
respective granfeorfdf foriventing air pressure therefrom and, o

(1v) check val ve neans coupled to each said water reservoir neans for
allowing water to flow into the respective said water reservoir neans from
a pool of water in which sai:d water reservoir nmeans is di sposed when the
pressure of the water in the-pool of water adjacent said check val ve neans
is higher than the pressure-of 7the water in the respective water reservoir

means adj acent said check ‘v nammm“mumwm\gwat er(;% thgeﬁlgngg??{/:d.

to each said water reserv | LI
_eh?ahﬁiﬁﬁeﬁﬁuﬁ%.Lsivented fromthe respective

said water reservoir neans: _ <
said water reservoir neans; (b) controlling each said val ve neans

intime and duration to provide bursts of water fromsaid plurality of
nozzl es correspondingly controlled in time and duration to provide a form
of dynamic water display using a duty cycles for each said val ve neans

whi ch keeps sufficient-water—-i-n the respective said water reservoir means
to prevent air fromthe supply of air under pressure from being expelled
fromthe respective said nozzle during a burst of water from said | ast

named nozzl e.
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- -26- 7“22\\\~The met hod of claim4l wherein said plurality of controll able
val ve' means are electrically controllable val ve nmeans and step (b) is
carried out by_g_conputer under_progipnlcontrol

ABSTRACT

TITLE : FAST ACTING AIRPOWERED WATER DISPLAYS

Fast actlng alrpowered water displays which may be
computer controlled to operate over a wide range of duration
and timlngs and methods of operating the same are disclosed.
The water dlsplays are comprised of one or more nozzles
(22) . Each nozzle (22) has its inlet connected adjacent the
bottom of ‘a water reserveolr (24) submerged in a fountain
pool (20) ? The water reservoir (24) is also coupled to a
check valve (30) to allow water to refill the reservoir (24)
but to prevent water from escaping therefrom. A solenoid
valve’ (38) controllably connects the upper portion of the
water reservoxr (24) to a supply of air under pressure (42).
The solenold valve (38) is operative between a first
'cond;t;onwcougling the supply of air under pressure to the
upperﬁﬁortioh”Of the water reservoir, and a second condition

ventlng the upper portion of the reservoir to the
atmosphere.

FIGURE -3

REPLACEMENT SHEET
| 13 AUG 1999




