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AIR POWERED WATER DISPLAY NOZZLE UNIT

BACKGROUND OF THE INVENTION
L FIELD OF THE INVENTION
The present invention relates to an air powered water display

nozzle unit that can project water from a pool.

2. DESCRIPTION OF RELATED ART

Water fountains and water displays are frequently constructed to
improve the aesthetics of a building or a park. Some water fountains are
constructed to provide the constant relaxing sound of running water.
Other water displays are provided to entertain or amuse the viewer.
Exotic or sophisticated water displays are particularly céptivaﬁng o an
audience. .

U.S. Patent Nos. 4,852,801 and 4,978,666 issued to Fuller, et al
disclose water displays that include a number of nozzle units located in a
pool of water. Each nozzle unit is coupled into a source of pressurized air
by a computer controlled solenoid control vélve. The introduction of
pressurized air to the nozzle unit pushes the water within the nozzle out
of the pool and into the ambient. The force of the pressurized air
projects the water from the nozzle in a slug like manner. The computer
can intermittently open different solenoids to create various water
displays. The result is a number of streams or slugs of water that are

projected in a vertical direction from the pool.
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2. DESCRI PTI ON OF RELATED ART Wat er fountains and water displays
are frequently constructed to i nprove the aesthetits of a building or a
park. Some water fountains are constructed to provide the constant

rel axi ng sound of running water.” O her water displays are provided to
entertain or anuse the viewer. Exotic ? sophi sticated water displays are
particularly captivating to an audienc U. S. Patent Nos. 4,852,801
and 4,978,066 issued to Fuller, et al disclose water displays that incl ude

a number of “%&éﬁx‘x‘&z‘l o'f%%tﬁglléxng?r %&ecﬁ’fw&&%e@isﬁa@g %ﬁe}soiatengf q

coupled into a source of pressurize a co

o B Mg RO 5 kDT
while preventing pressurized air from escaping the nozzles. The
constant opening and closing of the flapper valves_. creates fatigue and
ultimatelj.f the failure of the valve. It would therefore be desirable to
provide an air powered water display nozzle unit that does not require a
one-way flapper valve to introduce water into the nozzle.

The nozzle units are typically over 12 inches long and have a
number of hoses that are plumbed into the nozzles. The nozzles and
hoses are unsightly and subject to damage. It is therefore desirable to
place a slab, also known as a paver, over the nozzle units. The paver has
apertures aligned with the nozzles to allow the Water-to be projected
from the pool. In addition to concealing the unsightly nozzles and hoses,
the paver also hides the source of the water slags, thexieby providing an
element -of surprise to the viewer.

it is desirable to pro;ect the water slugs in an entu'ely vertlcal
direction. A slug with a horizontal vector may fall outside of the pool and
onto a viewer. For this reason it is preferable to construct the nozzle
units so that the tip of the nozzle is essentially perpendicular with the
surface of the water. Insuring the perpendicularity of the water surface
and the nozzle increases the assembly time and cost of installing the
system. It would therefore be desirable to have a nozzle unit which is
easy to install and would be properly aligned within a paver of the pool. It
would also be desirable to have an air powered nozzle unit which can be

mounted to existing pool structures.
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of the pool and into the anbient. The force of the pressurized air projects
the water fromthe nozzle in a slug |i ke manner. ‘The conputer can
intermttently open different solenoids to create various water displays.
The result is a nunber of streans or slugs of water that are projected in a
vertical direction fromthe pool

-2- Each nozzle of the Full ef Sair power ed water display systens
has a

SUMMARY OF THE INVENTION

The present invention is an air powered water display nozzle unit
which has an adjustable nozzle. The unit includes a housing which can be
mounted to the bottom of a pool structure. . The hdusing supports a
nozzle which has a positioning plate that is pressed against the bottom of
a paver. The paver has an aperture which provides clearance for slugs of
water that can be projected by the nozzle from the pool. The nozzle is
coupled to the housing by a support plate and a plurality of springs. The
plate and springs allow the nozzle to move relative to the housing in
either a lateral or vertical direction. The positioning plate orients the
nozzle so that the tip is essentially perpendicular to the paver and the
pool. The springs allow the nozzle to tilt relative to the housing to
compensate for a lack of parallelism between the paver and the pool
bottom and for tolerances in the overall unit. _

The nozzle unit is coupled to a source of pressunzed air through a
computer controlled solenoid control valve that controls the flow of air
into the inner chamber of the nozzle. The introduction of pressurized air
into the nozzle pushes the water within the inner chamber out of the
pool and into the air. Water is drawn back into the inner chamber
through an eductor located at the base of the nozzle. The air is
introduced to the inner chamber by a feeder tube which has a size, length
and location within the nozzle, such that the inertia of the water and the
impedance of the nozzle confine the air beneath the water within the

nozzle, and the display unit projects the water in a slug-like form.
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one way flapper valve which allows water to flowinto the nozzle units
‘whi |l e preventing pressurized air fromescaping the nozzles. The constant
opening and cl osing of the flapper valves creates fatigue and ultimately
the failure of the valve. It would therefore be desirable to provide an air
powered water display nozzle unit that does not require a one-way fl apper
val ve to introduce water into the nozzl €.~ The nozzle units are
typically over 12 inches | ong and have a nunber of hoses that are plunbed

1o the nozzies JIe@92 2l aiad BORSe eBeHRShObhlbeoAf LM e b e

damage. It is erefore desira a slab, 'a own as a paver,

over {NepBREILE Waidicais Sy BRI DR ARSI hilson AldjaBeMbIN AdzAde nozzles to

allow the water to ojected from the pool. ~addition to concealing
the unsi ghtlyxmﬂiéksﬁﬁawdbjme&wﬁremrn@mmmltdq&m%@uhﬁe of the

wat er slugs, thereby providing an el enent of surprise to the viewer.
I't is depbwaikd watdr digslhythezzlatetit thaisdoes adt arguins ¥ vaetwaplflapper
valve.
It is also an object of the present invention to provide an air
powered water display nozzle unit which can be installed into existing

pool structures.
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direction. A slug with a horizontal vector may fall outside of the pool and
‘onto a viewer. For this reason it is preferable to construct the nozzle
units so that the tip of the nozzle is essentially perpendicular with the
surface of the water. Insuring the perpendicularity of the water surface
and the nozzle increases the assenbly tié‘re and cost of installing the
system It would therefore be desirablé*© have a nozzle unit which is

easy to install and would be properly aligned within a paver of the pool.

It would al so be desi rﬂ%ﬂﬁ%ﬁlﬁﬂﬂ%ﬁ%é’mt whi ch can be
nounted to existing po UCt Ur €

- 3-

The objects and advantages of the present invention will become
more readily apparent to those ordinarily skilled in the art after
reviewing the following detailed description and accompanying drawings.-
wherein:

Figure 1 is a top view of an air powered water display system;

Figure 2 is a perspective view of a nozzle unit located between a
paver and the bottom of a pool;

Figure 3 is a schematic of the nozzle unit showing the nozzle

installed into the pool.
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SUMVARY CF THE | NVENTI ON The present invention is an air powered
wat er di splay nozzle unit which has an adj ustabl e nozzle. The unit

i ncludes a housing which can be nounted to the bottom of a pool structure.
The housing supports a nozzle which has a positioning plate that is
pressed against the bottomof a paver. The paver has an aperture which
provides clearance for slugs of water thaf can be projected by the nozzle
fromthe pool. The nozzle is coupled to the housing by a support plate and

a plurality of springSprHi? FD DESCRIPTION OF ¥HE INVENTION

Referring to.the drawings more particularly by reference numbers,
Figures 1 and 2 show an air powered water display system 10 of the
present invention. The systemn 10 is typically locé.ted within a pool 12 of
water. Although water is described, it is to be understood that the pool
12 may contain any type of fluid. The pool 12 is typically filled with a
volume of water sufficient to operate the water display 10.

The system 10 may include a paver 14 located a predetermined
distance from the bottom surface 16 of the pool 12. The paver 14 is
typically constructed as a rigid slab which has a plurality of apertures 18.
For a pool of significant size, the paver 14 can be assembled as a number
of individual slabs that are joined together and supported by support
means above the bottom surface of the pool. The paver 14 may be
constructed from concrete, stone, acrylic or any other suitable material.

Located below each slab aperture 18 is a nozzle unit 20. The nozzle
units 20 are capable of projecting a slug of water through the aperture 18
and out of the pool 12. Each unit 20 has a nozzle 22 and a housing 24
mounted to the bottom surface 16 of the pool. The housing 24 preferably
has a pair of walls 26 that extend from a top plate 28. Extending from
the bottom of the walls 26 are a pair of feet 30 that stabilize the unit 20.
The feet 30 are mounted to the pool surface 186, typically by an adhesive
such as a silicone seal. Bonding the housing 24 to the bottom surface 16
allows the unit 20 to be installed into a pool 12 without penetrating the

concrete or disturbing the waterproof protective seal of the pool 12. The
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pl ate and springs allow the nozzle to nove relative to the housing in
‘either a lateral or vertical direction. The positioning plate orients the
nozzle so that the tip is essentially perpendicular to the paver and the
pool . The springs allow the nozzle to tilt relative to the housing to
conpensate for a |ack of parallelisn1be%yeen t he paver and the pool
bottom and for tolerances in the overal’l "unit. The nozzle unit is
coupled to a source of pressurized air through a conputer controlled
sol enoi d : e t| l. I [ N i_nner
chamber PP gt ol D sobhEirtificn A B Be BT The nozzl e
pushes tgﬁi%&gr Mt SrctReed. nner chanber out of the pool and into the air.
Water is drawn”back into the inner chanmber through an eductor |ocated at
the base of tihenesg!late’ DG 8 the Shdliﬁihgd&l@%s b8 bpeninpI8R SlAPLsvilE¥sa
f eeder tube which has a size, length an

clearance for the nozzle 22. The nozzle 22 extends from the housing 22

to the aperture 16 of the paver 14 and has an inner chamber 34 which.
contains a volume of fluid. One end of the nozzle 22 has a tip 36 that
typically extends into the aperture 18. The tip 36 has a diameter which
is typically smaller than the body of the nozzle, so that a high velocity
stream of water is emitted by the unit 20. In the preferred embodiment,
the nozzle 22 is constructed from a 1 inch diameter copper tube that is
necked to a tip diameter of 0.625 inches. The distance from the base of
the tube to the end of the tip is preferably 12 inches in length. It has
been found that such dimensions provide a nozzle 22 that contains an
amount of water adequate to create a slug of water when projected from
the unit 20. The housing 24 is typically constructed as a stamped sheet
of metal. In the preferred eﬁbodiment, the housing .24 is approximately
18 inches long, with 2 inch wide feet 30 and a top plate 28 that is 6
inches wide. The opening 32 is preferably 2.5 inches in diameter.

The base of the tube 22 is connected to a T pipe fitting 38 which
has an opening 40 that allows fluid communication between the pool 12
and the inner chamber 34 of the nozzle 22. The opening 40 is preferably
a Venturi-type device commonly referred to as an eductor. The Venturi
effect of the eductor draws water into the inner chamber 34 as the air is
blowing the water slug out of the tube 22. The eductor has been found to
quickly fill the tube so that shigs can be rapidly fired from the nozzle.
The T fitting 38 is coupled to a solenoid valve 42 by a feeder tube 44. As
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| ocation within the nozzle, such that the inertia of the water and the
i npedance of the nozzle confine the air beneath the water within the

nozzl e,

and the display unit projects the water in a slug-like form

It is therefore an object of thé present invention to provide an air
power ed water display nozzle unit that_@g§ an adj ustabl e nozzl e.
Is al so an object of the present invention to provide an air

shown in Fig. 2, the outlet 46 of the tube 44 is lod;lted above the top of
the opening 40 to insure that the air is directed u;; the inner chamber 34
and not through the opening 40. The T fitting 38 typically contains a
cover 48 which has a plurality of openings that allow the nozzle 22 to
recharge with water.

The inlet of the solenoid valve 42 is coupled to an air supply hose
50 by the male nipple 52 of an elbow 54. The hose 50 is connected to
the elbow 54 by a 90° swivel joint 56. The hose 50 is preferably
constructed from a flexible material that can be routed throughout the
bottom of the pool 12. The body 58 of the solenoid valve 42 rests on a
support plate 60 which has an opening 62 that provides clearance for the
nipple 52 of the elbow 54. The support plate 60 is coupled to the
housing 24 by four springs 64. The springs 64 each have hooked ends 66
that extend through spring apertures 68 and 70 in the support plate 60
and the housing 24, respectively. In the preferred embodiment, the
spriﬁgs 64 are 5 inches long and i’xave an outer diameter of 0.25 inches.
As an altermate embodiment, the four separate springs may be replaced
by one spring coupled to the housing and the tube.

The springs 64 and support plate 60 form a chassis assembly 72
which allows the nozzle 22 to move relative to the housing 24 in either a
vertical or a lateral direction. The unit 20 has a positioning plate 74
located adjacent to the tip 36. The plate 74 is pushed onto the bottom
surface 76 of the paver 14 by the springs 64. The positioning plate 74
orients the tip 36 relative to the aperture 18 so that the nozzle 22 is
essentially perpendicular to the paver 14 and the water is projected with

primarily a vertical velocity vector. In the preferred embodiment, the
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powéred wat er di splay nozzle unit that does not require a one-way fl apper

val ve. It is also an object of the present invention to provide an

air powered water display nozzl e unit which can be installed into existing

pool structures. BRI EF DESCRI PTI ON OF THE DRAW NGS
-9 -

positioning plate 74 is an 8 inch square brass plate soldered to the neck
of the tube 22.

- Referring to Fig. 1, the solenoid valves 42 are connected to a
computer 76 by a plurality of wires 78. Additionally, the flexible hoses 50
are connected to a source of pressurized air 80. The hoses 50 may be
coupled to the air source 80 by a manifold {not shown)} or a2 number of
manifolds that have separate conirol valves (not shown} which vary the air
pressure within each set of corresponding nozzle units.

The computer 76 typically provides a control voltage to each of the
solenoid valves 42. Energizing the solenoids opens the valves 42 and
allows the pressurized air to enter the nozzles 22. The air pressure
pushes the water within the inner chamber 36 through the tip 34 and
out of the pool 12. The air pressure is typically of a sufficient pressure to
maintain a significant amount of separation befween the air and the fluid,
so that most of the water is pushed out of the nozzle 22. The solenoid
valves 42 are prefefably two way valves that either allow air to enter the
nozzle 22, or prevent air from entering the nozzle 22. The valves 42 may
be coupled to a manifold (not shown) that is controlled by a proportional
flow control valve {(not shown), such that the pressure of the air provided
to the valves 42 corresponds to the amplitude of the analog signal. With a
proportional flow control valve the computer 76 can program the nozzies
22 to create water slugs that are projected to varying heights. The
computer 76 can be programmmed to open various solenoids at different
times to create a multitude of water patterns. The water patterns may

correspond to music or colors.
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The objects and advantages of the present invention will becone nore
teadily apparent to those ordinarily skilled in the art after review ng
the follow ng detail ed description and acconpanyi ng draw ngs, wherein:
Figure 1 is a top view of an air -powered water display system

Figure 1 is a perspective view of a noz;ll e unit | ocated between a paver
and the bottomof a pool: Figure 2 is” (bérspective view of a nozzle unit
| ocat ed between a pavor and the bottom of a pool; Figure 2 is a

008 Ve of SRRSO s reisr) BHRSALy B UBHBILuA] e noze e
solenoids 42 to the computer 76 and the flexible hoses 50 to the air
supply 80. The nozzles 22 are inserted- through the opening of the
housing 22 and the feet 30 of the housing are then mounted to the floor
of the pool. The paver 14 is then assembled and installed into the pool
12. The paver 14 is assembled to be essentially level with the top surface
of the water in the pool.

As shown in Figure 3, the paver 14 is assembled so that the nozzle
22 is deflected toward the bottom of the pool 12. The springs 64
provide a counteractive force that pushes the positioning plate 74 against
the bottom surface of the paver 14. The engagement of the plate 74 with
the paver 14 provides a nozzle 22 that is essentially perpendicular to the
surface of the water. The perpendicular orientation of the nozzle 22
creates a system that projects the water slugs in an essentially vertical
direction. The chassis system allows the nozzle 22 to float within the
housing 24 so that the nozzle 22 is perpendicular to the paver 14. The
floating feature of the unit also allows the installation crew to move the
tip 34 to the center of the aperture 18 in the event that an error occurs
in the installation of the system.

As shown in Figure 2, the pool 12 is typically filled with water fo a
level above a top surface 82 of the paver 14. In the preferred
embodiment, the water is kept to a level no greater than 0.25 inches
from the top surface 82 of the paver 14, so that the pool water does not
appreciably effect the projection of the slug. The top surface 82 can be
constructed to be black, which together with the naturally reflective

surface of water may provide the appearance of a very deep body of water.
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- 6- DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Referring to the drawi ngs nore particularly by reference nunbers, Figures
1 and 2 show an air powered water display system 10 of the present

i nvention. The system 10 is typically | ocated within a pool 12 of wat er .
Al t hough water is described, it is to be imderstood that the pool 12 may
contain any type of fluid. The pool 1271 % typically filled with a vol une
of water sufficient to operate the water display 10.

A The black surface will also further camouflage the apertures 18, thereby
- adding to the mystery of the source of the water slug. As an alternative

embodiment, the water level may be maintained below the top surface
82, so that pedestrians can walk on the paver 14. The paver 14 may have
pressure sensors that are coupled to the computer 76. Upon the
detection of a pedestrian the computer 76 may initiate the.projection of a
water shug in front of the viewer, thereby adding an element of surprise
to the water display.

While certain exemplary embodiments have been described and
shown in the accompanying drawings, it is to be understood that such
embodiments are merely illustrative of and not restrictive on the broad
invention, and that this invention not be limited to the specific
constructions and arrangements shown and described, since various

other modifications may occur to those ordinarily skilled in the art.
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The system 10 may i nclude a paver 14 |ocated a predeterm ned di stance from
the bottom surface 16 of the pool 12. The paver 14 is typically
constructed as a rigid slab which has a plurality of apertures 18. For a

pool of significant size, the paver 14 can be assenbled as a nunber_o 4
I ndi vi dual slabs that are joined toget hﬁr and support edTh 5
above the bottom surface of the pool. T & paver 14 may b rom
concrete, stone, acrylic or any other suitable naterial. d

bel ow eac‘l\m I re.18 is a nozzle unit 20. The nozzle units 20 are
capable o ;s)drtgijge@glﬁ%\%aalg'sl ug of water through the aperture 18 and out of.

the pool 12. Each unit 20 has a nozzle 22 and a housing 24 nounted to the
bottom surface 16 of the pool. The housing 24 preferably has a pair of

wal I's 26 that extgAchitiWerdPvatbpidispiRy fiA8dimY tha@ s tbeatelobiiin0h t he
wal s 26 are a pair of feet 30 that stabilize the unit 20. The feet 30 are
nmount ed tresefeoipast flgid fark cénecyed aald yobycanfgsieesuypedugit, as

comprising: |

a housing that is mounted to the reservoir;

a nozzle that is coupled to the source of pressurized air, said nozzle
having an eductor that provides fluid communication between an inner
chamber of said nozzle ;nd the fluid of the reservoir;

valve means for controlling the introduction of pressurized air into
said inner chamber of said nozzle; and,

chassis means for supporting said nozzle within said housing so that

said nozzle can move relative to said housing.

2. The nozzle unit as recited in claim 1, wherein said chassis

means inclades a spring coupled to said housing and said nozzle.
3. The nozzle unit as recited in claimm 1, wherein said chassis
means includes a plurality of springs that are connected to said housing

and to a support plate which supports said nozzle.

4. The nozzle unit as recited in claim 1, wherein said nozzle

includes a feeder tube that extends into said inner chamber.

5. The nozzle unit as recited in claim 1, wherein said valve means

inclhudes a solenoid valve.

A



a silicone seal. Bonding the housing 24 to the bottom surface 16 all ows
the unit 20 to be installed into a pool 12 w thout penetrating the concrete

or disturbing the waterproof protective seal of the RY I gc%he

ol 1 he o)
-7- units 20 of the present invention can thus be §
exi sting pool structures. The top plate 28 of t I
openi ng 32 that provides clearance for “thet nozzle 22.

fromthe housing 24

has an
ext ends

6. The nozzle unit as recited in claim 5, further comprising a
controller that controls said solenoid valve.

7. The nozzle unit as recited in claim 1, further comprising a
positioning plate attached to an end of said nozzle opposite from said

valve means.

8. An air powered water display nozzle system that is located
within a reservoir of fluid, comprising:

a housing that is mounted to the reservoir;

a source of pressurized air;

a nozzle that is coupled to said source of pressurized air, said nozzle
having an eductor that provides fluid communication between an inner
chamber of said nozzle and the fluid of the reservoir;

valve means for controliing.the intr(;duction of pressurized air into
said inner chamber of said nozzle;

chassis means for supporting said nozzle within said housing so that
said nozzle can move relative to said housing; and,

controller means for controlling said valve means.

9. The nozzle system as recited in claim 8, wherein said chassis

means includes a spring coupled to said housing and said nozzle.
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to the aperture 18 of the paver 14 and has an inner chanber 34 which
contains a volune of fluid. One end of the nozzle 22 haﬁs&eﬁmi&enk@med
e

typically extends into the aperture 18. The tip 36 has QIHEE mh i s
i

typically smaller than the body of the nozzle, so that

streamof water is emtted by the unit CZHO In the preferre odi ment, the
nozzle 22 is constructed froma 1 inch” net er copper tube that is necked
to atip dianmeter of 0.625 inches. The distance fromthe base of the tube

that such di e ortit, iBeRle e iRl ks e RENAT cldim o' Wiblereily S8R O8RS er
adequat e h%ﬁ@%engﬁgyag)mfra 8f M@gf&eo{%ﬁegtégﬂﬁﬁgg _r?qqﬁsiggg

housing 24 Is typic onstructed”as st anped shee

pr ef er r edagabslaBippoitpldieushith 365'5&%0&5{2?%8%16!3/ 13 inches long, with
2 inch wide feet 30 and a top plate that 1s 6 inches wi de. The openi ng

32 is preferably 2.5 inches in dianeter. The base of the tube 22 is
connected to a T pipe fitting 38 which has an opening 40 that allows fluid

communi cat i on A4t wddre hbezigosystéth asdrdedieed malaiwhar®ewhddeni sk rivzé e
22. The opening 40 is preferably a Venturi-type device comonly referred to

as an edutnadndesha feeden titbe ghiat axtends Hate dadd dnndr alsambeer into t he
i nner chanber 34 as the air is
12. The nozzle system as recited in claim 11, wherein said valve

means inclhudes a solenoid valve.

13. The nozzle system as recited in claim 12, further comprising a
positioning plate attached to an end of said nozzle opposite from said

valve means.

_ 14. An air powered water display nozzle unit that is located within
a reservoir of fluid and connec.:ted to a source- of pregsuﬁzed air,
comprising:

a paver located within the reservoir, said paver having an aperture;

a housing that is mounted to the reservoir;

a nozzle that is coupled to the source of pressurized air and located
relative to said paver to direct fluid through said aperture, said nozzle
having an eductor that provides fluid communication between an inner
chamber of said nozzle and the fluid of the reservoir;

valve means for controlling the introduction of pressurized air into

said inner chamber of said nozzle; and,

O



bl ow ng the water slug out of the tube 22. The eductor has been found to
quickly fill the tube so~that slugs can be rapidly fifk o7 | e.
The T fitting 38 is coupkFed to a sol enoid val ve 42 by 44. As
shown t he
outlet 46 of the tube 44 is |ocated abov%)nt he top of the opening 40 to

insure that the air is directed up the” ilher chanber 34 and not t hrough the
opening 40. The T fitting 38 typi cally contains a cover 48 which has a

plural ity of oBenl0gs,hak Al QPRSP LALE rd2olentBHIUA8 nousing and

aligning said nozzle with said aperture of said paver.

_15. The nozzle unit as recited in claim 14, wherein said chassis

means includes a spring connected to said housing and said nozzle.

16. The nozzle unit as recited in claim 14, wherein said chassis
means includes a plurality of springs that are connected to said housing

and to a support plate which supports said nozzle.

17. The nozzle unit as recited in claim 14, wherein said nozzle

includes a feeder tube that extends into said inner chamber.

18. The nozzle unit as recited in claim 14, wherein said valve

means includes a soIenoid'valve.

19. The nozzle unit as recited in claim 14, further comprising a
positioning plate attached to an end of said nozzie and in contact with

said paver so that said nozzle is essentially perpendicular with said paver.

20. The nozzle unit as recited in claim 14, wherein the fluid within

the reservoir is at a level above a top surface of said paver.
21. The nozzle unit as recited in claim 20, wherein said top

surface of said paver is black and the fluid is at a depth no greater than 1

inch above said top surface.
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with water. The inlet of the solenoid valve 42 is coupled to an air
supply hose 50 by the nale nipple 52 of an el bow 54. The hose 50 is
connected to the elbow 54 by a 90 swivel joint 56. ThéhhﬁyafﬁﬁB eg Replaced
preferably constructed froma flexible material that c

t hroughout the bottom of the pool 12. The body 58 of th e 42
rests on a support plate 60 which has an éni ng 62 that prOV|des cl earance
for the nipple 52 of the el bow 54. The support plate 60 is coupled to the
housing 24 by four springs 64. The springs 64 each have hooked ends 66
that extend through spring apertures 68 and 70 in the support plate 60 and

o St o N ol o SR Rt O
apr i ng- coulTeRersERL 15,3l ML 7 BREATER R At BfpiaRe AR et 0
support plate 60 forma chassis assenbly 72
23. A method for installing an air powered water display-nozzle‘
unit within a reservoir of fluid, comprising the steps of:
a) mounting a nozzle unit to the reservoir, wherein said nozzle
unit includes;

a housing that is mounted to the reservoir;

a nozzle that has an eductor that provides fluid
communication between an inner chamber of said nozzle and the fluid of
the reservoir;

valve means for controlling the introduction of pressurized air
into said inner chamber of said nozzle;

cha531s means for supporting said nozzle within said housmg
so that said nozzle can move relative to said housmg

a positioning plate located at an end of said nozzle opposite
from said valve means;

b} connecting said vaive means to a source of pressurized air;
and,

c) installing a paver within the reservoir so that said nozzle is
aligned with an aperture in said paver, wherein said positioning plate is
pushed against a bottom surface of said paver so that said nozzle is

essentially perpendicular with said paver.

AR



whi ch allows the nozzle 22 to nove relative to the housing 24 in either a

vertical or a lateral direction. The unit 20 has a posit iTolnShegt Hok Bted Réglaced
| ocated adjacent to the tip 36. The plate 74 is pushed ont '

surface 76 of the paver 14 by the springs 64. The position

orients the tip 36 relative to the apertu;e 18 so that the nozzle HUIH'S',
essentially perpendicular to the paver’114 and the water is projected with
primarily a vertical velocity vector. In the preferred enbodi nent, the

-9 24. The method as recited in claim 23, further comprising the
step of connecting said valvé means to a controller before said step (¢} of

installing said paver.
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positioning plate 74 is an 8 inch square brass plate soldered to the neck
of the tube 22. Referring to Fig. 1, the solenoid

connected to a conputer 76 by a plurality of wires 78. ngsﬁﬁét% nq{elcgd
fl exi bl e hoses 50 are connected to a source of pressurized t
hoses 50 nmay be coupled to the air souige 80 by a manifol or
a nunber of manifolds that have separate®control val ves (not shown) which
vary the air pressure within each set of correspondi ng nozzle units.

The conputer 76 typicall y@gﬂ%@%goﬁgélgetﬁﬁgo each of the

sol enoid val ves 42. Energi7zrmig | val ves 42 and al | ows
the pressurized air to enter the nozzles 22. The air pressure pushes the
water within the inner chanber_ 36 throu&jh&hﬁ tip 36 and out of the pool
12. The AIRpPMUERER WATER RISKIAY NOZELE ¥ T ent pressure to maintain a

significant anount of separation between the air and the fluid, so that
most of the wetsgrair podweRadwatér aispliy Mzl ani@whitk lsad ancidjustable

nozzle coupled to a housing by a support plate and a plurality of springs.

Figure 2



val ves 42 ar'e preferably two way valves that either allow air to enter the
nozzle 22, or prevent air fromentering the nozzle 22. Tﬁgmgﬁjw$s 42

be coupled to a manifold (not shown) that is controlled by
fl ow control valve (not shown), such that the pressure of ed
to the valves 42 corresponds to the anplitude of the anal a

proportional flow control valve the co dter 76 can programthe nozzles 22
to create water slugs that are projected to varying heights. The conputer
76 can be progranmed to :open various solenoids at different tinmes to create
a nultitude of water patterns The wat er patterns 925 4VA% q)(gspond to nusic
or colors.




-10-" 7 The system 10 is typically installed by flrst connectlng t he
sol enoids 42 to the conputer 76 and the flexible hoses 50,

supply 80. The nozzles 22 are inserted through the openlng éhRehmw
24 and the feet 30 of the housing are then nmounted to the
pool. The paver 14 is then assenbl ed angégpstalled into th

el

paver 14 is assenbled to be essentially with the top surface of the

water in the pool. As shown in Figure 3, the paver 14 is assenbl ed

so that the nozzle 22 is deflected toward the bottom of the pool 12. The

springs 64 provide a 36 . 2
18 82

48
40
58
64
— 60
Y 50
24 . '
N i 54

56 | 3
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bottom surface of the paver 14. The effgenent df thespl ats gzdl ,wtg
paver 14 provides a nozzle 22 that is essential¥y p&:ﬁ;p‘e{]dlﬁg @rhttg

counteractive force that pushes the %p88#t§oni ngvpl at e, 74 agabmst tbhﬁa‘ged,y},,
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surface of the water. The perpendicul at- ori ent a¥l onyef th? go(f %
creates a systemthat projects the water slugs in an esserit Iy v EPET LAt

; ion. The chassis systemallows the nozzle 22 ta, Léﬁéﬁﬁﬁf %qthe
housi ng 24 so that the nozzle 22 is perpendic akrazf | Fhe-
floating feature ofAINPOWERED WATERMISPIAY ROZZLBUNITCrew to move the
tip 36 to the center of the aperture 18 in the event that an error occurs

in the installation of the system As shown in Figure 2, the pool 12
is typically filled with water to a

direction

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION
The present invention relates to an air powered water display

nozzle unit that can project water from a pool.

2. DESCRIPTION OF RELATED ART

Water fountains and water displays are frequently constructed to
improve the aesthetics of a building or a park. Some water fountains are
constructed to provide the constant relaxing sound of running water.
Other water displays are provided to entertain or amuse the viewer.
Exotic or sophisticated water displays are particularly captivating to an
audience.

U.S. Patent Nos. 4,852,801 and 4,978,066 issued to Fuller, et al,
disclose water displays that include a number of nozzle units located in a
pool of water. Each nozzle unit is coupled into a source of pressurized air
by a computer controlled solenoid control valve. The introduction of
pressurized air to the nozzle unit pushes the water within the nozzle out
of the pool and into the ambient. The force of the pressurized air projects
the water from the nozzle in a slug like manner. The computer can
intermittently open different solenoids to create various water displays.
The result is a number of streams or slugs of water that are projected in a

vertical direction from the pool.

B
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| evel above a top surface 82 of the paver 14. In the preferred enbodi nent,
the water is kept to a level no greater than 0.25 inches fromthe top
surface 82 of the paver 14, so that the pool water does not appreciably
effect the projection of the slug. The2top surface 82 can be constructed to
be bl ack, which together with the naturally reflective surface of water
may provide the appearance of a very deep body of water. The black surface
will also further canouflage the apertures 18, thereby adding to

the nystery of Edth nozzle of the Fuller air powered water display systems has a
one way flapper valve which allows water to flow into the nozzle units
while preventing pressurized air from escaping the nozzles. The constant
opening and closing of the flapper valves creates fatigue and ultimately
the failure of the valve. It would therefore be desirable to provide an air
powered water display nozzle unit that does not require a one-way flapper
valve to introduce water into the nozzle.

The nozzle units are typically over 12 inches long and have a
number of hoses that are plumbed into the nozzles. The nozzles and
hoses are unsightly and subject to damage. It is therefore desirable to
place a slab, also known as a paver, over the nozzle units. The paver has
apertures aligned with the nozzles to allow the water to be projected from
the pool. In addition to concealing the unsightly nozzles and hoses, the
paver also hides the source of the water slugs, thereby providing an
element of surprise to the viewer.

It is desirable to project the water slugs in an entirely vertical
direction. A slug with a horizontal vector may fall outside of the pool
and onto a viewer. For this reason it is preferable to construct the nozzle
units so that the tip of the nozzle is essentially perpendicular with the
surface of the water. Insuring the perpendicularity of the water surface
and the nozzle increases the assembly time and cost of installing the
system. It would therefore be desirable to have a nozzle unit which is
easy to install and would be properly aligned within a paver of the pool.
It would also be desirable to have an air powered nozzle unit which can

be mounted to existing pool structures.
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source of the water slug. As an alternative enbodi nent, the water |evel may
be mai ntai ned below the top surface 82, so that pedestrians can wal k on the
paver 14. The paver 14 may have pressure sensors that are coupled to the
conputer 76. Upon the detection of a p&destrian the conputer 76 nay
initiate the projection of a water slug in front of the viewer, thereby
addi ng an el enent of surprise to the water display. Wi le certain
exenpl ary enbodi nents have been descri bed and shown in the acconpanyi ng

drawings, it is to be undeUMMOIRYAF THEINVENTIONtS are nerely

illustrative of and not restrictive on the broad invention, and that this
I nvention not be limted to the specific constructions and arrangenents
shown and descri bed, since various other nodifications may occur to those
ordi narily ski|Theipresenthinvgntion is an air powered water display nozzle unit
“le which has an adjustable nozzle. The unit includes a housing which can

be mounted to the bottom of a pool structure. The housing supports a

nozzle which has a positioning plate that is pressed against the bottom of

a paver. The paver has an aperture which provides clearance for slugs of

water that can be projected by the nozzle from the pool. The nozzle is

coupled to the housing by a support plate and a plurality of springs. The

plate and springs allow the nozzle to move relative to the housing in

either a lateral or vertical direction. The positioning plate orients the

nozzle so that the tip is essentially perpendicular to the paver and the

pool. The springs allow the nozzle to tilt relative to the housing to

compensate for a lack of parallelism between the paver and the pool

bottom, and for tolerances in the overall unit.

The nozzle unit is coupled to a source of pressurized air through a

computer controlled solenoid control valve that controls the flow of air

into the inner chamber of the nozzle. The introduction of pressurized air

into the nozzle pushes the water within the inner chamber out of the

pool and into the air. Water is drawn back into the inner chamber

through an eductor located at the base of the nozzle. The air is introduced

to the inner chamber by a feeder tube which has a size, length and

location within the nozzle, such that the inertia of the water and the

impedance of the nozzle confine the air beneath the water within the

nozzle, and the display unit projects the water in a slug-like form.
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What is clainmed is: 1. An air powered water display nozzle unit
that is located within a reservoir of fluid and connected to a source of
pressurized air, conprising: a housing that is located within
nounted to the reservoir; a nozzle t#dat is coupled to the source of
pressurized air, said nozzle having an eductor opening that provides
continuous fluid comunication between an inner chanber of said nozzle and
the fluid of the reservoir, said opening allows fluid to flowinto said

inner chanber [t is therefore an object of the present invention to provide an air
powered water display nozzle unit that has an adjustable nozzle.

It is also an object of the present invention to provide an air
powered water display nozzle unit that does not require a one-way flapper
valve.

It is also an object of the present invention to provide an air
powered water display nozzle unit which can be installed into existing

pool structures.

[ amenpED  SHEET \\
' T 20 MGV



fromthe reservoir when _the pressurized air pushes a volune of fluid out

of said inner chanber a val ve .that controls valve neans for -
controlling the introduction of pressurized air into said inner chanber of
said nozzle; and, an air tube cofpled to said valve so that said air

tube introduces the pressurized air to said inner chanber of said nozzle
to eject the volune of fluid fromsaid nozzle, said air tube having an
opening | ocated adjacent to said eductor opening so that the air does not
fllow back through sai GrAERIHRSCRIPTION ORFAIHEPRRVENEGSI zed air is
i ntroduced to said inner chanber. chassis neans for supporting said
nozzl e within said housing so that said nozzle can nove relatiive to
sai d housi ng.

The objects and advantages of the present invention will become

more readily apparent to those ordinarily skilled in the art after reviewing

the following detailed description and accompanying drawings, wherein:

Figure 1 is a perspective view of a nozzle unit located between a
paver and the bottom of a pool:

Figure 2 is a side view of a nozzle unif;

Figure 3 is a schematic of the nozzle unit showing the nozzile

installed into the pool.
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2. The nozzle unit as recited in claim1l, further conprising wherein said
chasses neans includes a spring coupled to said housing and said nozzle.
- 13- 3. The nozzle unit as recited in claim1, further conprising

wherein said chassis neans includes -g plurality of springs that are
connected to said housing and to a support plate which supports said

DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings more particularly by reference numbers,
Figures 1 and 2 show an air powered water display system 10 of the _
present invention. The system 10 is typically located within a pool 12 of
water. Although water is described, it is to be understood that the pool 12
may contain any type of fluid. The pool 12 is typically filled with a
volume of water sufficient to operate the water display 10.

The system 10 may include a paver 14 located a predetermined
distance from the bottom surface 16 of the pool 12. The paver 14 is
typically constructed as a rigid slab which has a plurality of apertures 18.
For a pool of significant size, the paver 14 can be assembled as a number of
individual slabs that are joined together and supported by support means
above the bottom surface of the pool. The paver 14 may be constructed
from concrete, stone, acrylic or any other suitable material.

Located below each slab aperture 18 is a nozzle unit 20. The nozzle
units 20 are capable of projecting a slug of water through the aperture 18
and out of the pool 12. Each unit 20 has a nozzle 22 and a housing 24
mounted to the bottom surface 16 of the pool. The housing 24 preferably
has a pair of walls 26 that extend from a top plate 28. Extending from the
bottom of the walls 26 are a pair of feet 30 that stabilize the unit 20. The
feet 30 are mounted to the pool surface 16, typically by an adhesive such as
a silicone seal. Bonding the housing 24 to the bottom surface 16 allows
the unit 20 to be installed into a pool 12 without penetrating the concrete

or disturbing the waterproof protective seal of the pool 12. The nozzle
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nozzl e. 4. The nozzle unit as recited in claim1, wherein said

nozzl e includes a feeder tube that extends_.into said i nner chanber.

5. The nozzle unit as recited in claiml1, wherein said valve neans includes

a sol enoi d val ve. 6. The nozzt% unit as recited in claimb5,

further conprising a controller that controls said sol enoid val ve.

7. The nozzle unit as recited in claiml1, further conprising a positioning

pl ate attached to an end of said nozzle opposite fromsaid val ve neans.
units 20 of the present invention can thus be installed into existing pool

structures.

The top plate 28 of the housing 24 has an opening 32 that provides
clearance for the nozzle 22. The nozzle 22 extends from the housing 2224
to the aperture 16 18 of the paver 14 and has an inner chamber 34 which
contains a volume of fluid. One end of the nozzle 22 has a tip 36 that
typically extends into the aperture 18. The tip 36 has a diameter which is
typically smaller than the body of the nozzle, so that a high velocity
stream of water is emitted by the unit 20. In the preferred embodiment,
the nozzle 22 is constructed from a 1 inch diameter copper tube that is
necked to a tip diameter of 0.625 inches. The distance from the base of the
tube to the end of the tip is preferably 12 inches in length. It has been
found that such dimensions provide a nozzle 22 that contains an amount
of water adequate to create a slug of water when projected from the unit
20. The housing 24 is typically constructed as a stamped sheet of metal. In
the preferred embodiment, the housing 24 is approximately 13 inches
long, with 2 inch wide feet 30 and a top plate 28 that is 6 inches wide. The
opening 32 is preferably 2.5 inches in diameter.

The base of the tube 22 is connected to a T pipe fitting 38 which has
an opening 40 that allows fluid communication between the pool 12 and
the inner chamber 34 of the nozzle 22. The opening 40 is preferably a
Venturi-type device commonly referred to as an eductor. The Venturi
effect of the eductor draws water into the inner chamber 34 as the air is
blowing the water slug out of the tube 22. The eductor has been found to
quickly fill the tube so that slugs can be rapidly fired from the nozzle. The
T fitting 38 is coupled to a solenoid valve 42 by a feeder tube 44. As shown
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8. An air powered water display nozzle systemthat is | ocated within a
reservoir of fluid, conprising: . a housing that is located within
nounted to the reservoir; a source-.of pressurized air; a
nozzle that is coupled to said source 8f pressurized air, said nozzle
havi ng an educator that provides fluid conmunication between an inner
chanber of said nozzle and the fluid of the reservoir;
o in Fig. 2, the outlet 46 of the tube 44 is located above the top of the

opening 40 to insure that the air is directed up the inner chamber 34 and

not through the opening 40. The T fitting 38 typically contains a cover 48

which has a plurality of openings that allow the nozzle 22 to recharge

with water.

The inlet of the solenoid valve 42 is coupled to an air supply hose

50 by the male nipple 52 of an elbow 54. The hose 50 is connected to the

elbow 54 by a 90° swivel joint 56. The hose 50 is preferably constructed

from a flexible material that can be routed throughout the bottom of the

pool 12. The body 58 of the solenoid valve 42 rests on a support plate 60

which has an opening 62 that provides clearance for the nipple 52 of the

elbow 54. The support plate 60 is coupled to the housing 24 by four

springs 64. The springs 64 each have hooked ends 66 that extend through

spring apertures 68 and 70 in the support plate 60 and the housing 24,

respectively. In the preferred embodiment, the springs 64 are 5 inches

long and have an outer diameter of 0.25 inches. As an alternate

embodiment, the four separate springs may be replaced by one spring

coupled to the housing and the tube.

The springs 64 and support plate 60 form a chassis assembly 72

which allows the nozzle 22 to move relative to the housing 24 in either a

vertical or a lateral direction. The unit 20 has a positioning plate 74

located adjacent to the tip 36. The plate 74 is pushed onto the bottom

surface 76 of the paver 14 by the springs 64. The positioning plate 74

orients the tip 36 relative to the aperture 18 so that the nozzle 22 is

essentially perpendicular to the paver 14 and the water is projected with

primarily a vertical velocity vector. In the preferred embodiment, the

!
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a valve that controls valve neans for controlling the introduction of
pressurized air into said inner chanber of said nozzle; a
positioning plate attached to said nozzle chassis nmeans for

supporting said nozzle wthin said-bousing so that said nozzle can nove
relative to said housing; and controller neans for controlling
sai d val ve neans. 9. The nozzle systemas recited in claimS8,
further conprising wherein said chassis neeans includes a spring coupled

to said hoysRgnHifiplat@74 i§'9% Bl ifich square brass plate soldered to the neck of
the tube 22.

Referring to Fig. 1, the solenoid valves 42 are connected to a
computer 76 by a plurality of wires 78. Additionally, the flexible hoses 50
are connected to a source of pressurized air 80. The hoses 50 may be
coupled to the air source 80 by a manifold (not shown) or a number of
manifolds that have separate control valves (not shown) which vary the
air pressure within each set of corresponding nozzle units.

The computer 76 typically provides a control voltage to each of the
solenoid valves 42. Energizing the solenoids opens the valves 42 and
allows the pressurized air to enter the nozzles 22. The air pressure pushes
the water within the inner chamber 36 through the tip 3436 and out of
the pool 12. The air pressure is typically of a sufficient pressure to
maintain a significant amount of separation between the air and the fluid,
so that most of the water is pushed out of the nozzle 22. The solenoid
valves 42 are preferably two way valves that either allow air to enter the
nozzle 22, or prevent air from entering the nozzle 22. The valves 42 may
be coupled to a manifold (not shown) that is controlled by a proportional
flow control valve (not shown), such that the pressure of the air provided
to the valves 42 corresponds to the amplitude of the analog signal. With
a proportional flow control valve the computer 76 can program the
nozzles 22 to create water slugs that are projected to varying heights. The
computer 76 can be programmed to open various solenoids at different
times to create a multitude of water patterns. The water patterns may

correspond to music or colors.
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10. The nozzle systemas recited in claim8, further conprising wherein
said chassis nmeans includes a plurality of springs that are connected to
said housing and to a support plate which supports said nozzle.

11. The nozzle systemas recited in clg-m 10, wherein said nozzle includes

a feeder tube that extends into said inner chanber. 12. The nozzle
systemas recited in claim1l, wherein said valve neans includes a
sol enoi d val ve. 12 The nozzle systemas recited in claiml12

further conpri sYRg sPstem 10 is typically installed by first connecting the solenoids
42 to the computer 76 and the flexible hoses 50 to the air supply 80. The
nozzles 22 are inserted through the opening of the housing 22 24 and the
feet 30 of the housing are then mounted to the ﬂoox" of the pool. The _
paver 14 is then assembled and installed into the pool 12. The paver 14 is
assembled to be essentially level with the top surface of the water in the
pool.

As shown in Figure 3, the paver 14 is assembled so that the nozzle
22 is deflected toward the bottom of the pool 12. The springs 64 provide a
counteractive force that pushes the positioning plate 74 against the
bottom surface of the paver 14. The engagement of the plate 74 with the
paver 14 provides a nozzle 22 that is essentially perpendicular to the
surface of the water. The perpendicular orientation of the nozzle 22
creates a system that projects the water slugs in an essentially vertical
direction. The chassis system allows the nozzle 22 to float within the
housing 24 so that the nozzle 22 is perpendicular to the paver 14. The
floating feature of the unit also allows the installation crew to move the
tip 34 36 to the center of the aperture 18 in the event that an error occurs
in the installation of the system.

As shown in Figure 2, the pool 12 is typically filled with water to a
level above a top surface 82 of the paver 14. In the preferred embodiment,
the water is kept to a level no greater than 0.25 inches from the top surface
82 of the paver 14, so that the pool water does not appreciably effect the
projection of the slug. The top surface 82 can be constructed to be black,
which together with the naturally reflective surface of water may provide

the appearance of a very deep body of water. The black surface will also
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positioning plate attached to an end of said nozzle opposite fromsaid

val yve neans. - 15-

An air powered water display nozzle unit that is located within a
reservoir of fluid and connected to a -dburce of pressurized air,
conpri si ng:

further camouflage the apertures 18, thereby adding to the mystery of the
source of the water slug. As an alternative embodiment, the water level
may be maintained below the top surface 82, so that pedestrians can walk
on the paver 14. The paver 14 may have pressure sensors that are coupled
to the computer 76. Upon the detection of a pedestrian the computer 76
may initiate the projection of a water slug in front of the viewer, thereby
adding an element of surprise to the water display.

While certain exemplary embodiments have been described and
shown in the accompanying drawings, it is to be understood that such
embodiments are merely illustrative of and not restrictive on the broad
invention, and that this invention not be limited to the specific
constructions and arrangements shown and described, since various other

modifications may occur to those ordinarily skilled in the art.
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a paver

| ocated within the reservoir, said paver having an aperture;

a housing that is located within nounted to the reservoir; a nozzle

that is coupled to the source of pressurized air and | ocated
sai d paver to direct fluid through sart-aperture, said nozzle

eductor that provides fluid comunication between an inner chanber
nozzle and the fluid of the reservoir to allow fluid to flowinto said

i nner chanber fromthe reservoir;

relative to
havi ng an

of said

a positioning plate attached to

sai d nozzl What is claingedsf i ng coupl ed to said nozzle; and, a val ve
that controls valve means for controlling the introduction of pressurized
air into said inner chanber of said nozzle; and,

1. An air powered water display nozzle unit that is located within a
reservoir of fluid and connected to a source of pressurized air, comprising:

a housing that is located within sounted-te the reservoir;
a nozzle that is coupled to the source of pressurized air, said nozzle
having an eductor gpening that provides continuous fluid
communication between an inner chamber of said nozzle and the fluid of
the reservoir, said opening allows fluid to flow into said inner chamber
from the reservoir when the pressurized air pushes a volume of fluid out

of said inner chamber;

a valve that controls value-means-for-eontrolling the introduction

of pressurized air into said inner chamber of said nozzle; and,

an air tube coupled to said valve so that said air tube introduces the
pressurized air to said inner chamber of said nozzle to eject the volume of
fluid from said nozzle, said air tube having an opening located adjacent to
said eductor opening so that the air does not flow back through said
eductor opening when the pressurized air is introduced to said inner

chamber.

2. The nozzle unit as recited in claim 1, further comprising

@6 a spring coupled to said housing and

said nozzle.

R
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chassis nmeans for supporting said nozzle within said housing and aligning

said nozzle wth said aperture of said paver. 15. The nozzle unit
as recited in claim14, wherein said chassis neans includes a spring
connetted to said housing and said nozi3e 16. The nozzle unit as

recited in claim14, further conprising wherein said chassis nmeans
includes a plurality of springs that are connected to said housing and to
a support plate which supports said nozzle.

3. The nozzle unit as recited in claim 1, further comprising
es a plurality of springs that are

connected to said housing and to a support plate which supports said

nozzle.

4. The nozzle unit as recited in claim 1, wherein said nozzle

includes a feeder tube that extends into said inner chamber.

5. The nozzle unit as recited in claim 1, wherein said valve -means-

includes a solenoid valve.

6. The nozzle unit as recited in claim 5, further comprising a

controller that controls said solenoid valve.

7. The nozzle unit as recited in claim 1, further comprising a
positioning plate attached to an end of said nozzle opposite from said

valve means.

8. An air powered water display nozzle system that is located
within a reservoir of fluid, comprising:

a housing that is Jocated within seunted-te the reservoir;

a source of pressurized air;

a nozzle that is coupled to said source of pressurized airsaid-nozzle

L
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- 16- _ 17. The nozzle unit as recited in claim 14, wherein said
nozzle includes a feeder tube that extends into said i nner chanber.
18. The nozzle unit as recited in claim14, wherein said valve neans

i ncl udes a sol enoi d val ve. 1914-The nozzle unit as recited in claim
14, further conprising a

ing: the introduction

a_valve that controls valwe-me

of pressurized air into said inner chamber of said nozzle;

a_positioning plate attached to said nozzle ehassis-means-for

9. The nozzle system as recited in claim 8, further comprising

ades a spring coupled to said housing and

said nozzle.

10. The nozzle system as recited in claim 8, further comprising

conneeted-to-said-heusing-and-te a support plate which supports said

nozzle.

11. The nozzle system as recited in claim 10, wherein said nozzle

includes a feeder tube that extends into said inner chamber.

12. The nozzle system as recited in claim 11, wherein said valve

smeans-includes a solenoid valve.
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posi tioni ng pl ate attached to an end of said nozzle and in contact with
sai d paver so that said nozzle is essentially perpendicul ar wth said

pavor. 20. The nozzle unit as recited in claim 14, wherein the
fluid within the reservoir is at a | el above a top surface of said

paver . 21. The nozzle unit as recited in claim20, wherein said
top surface of said paver is black and the fluid is at a depth no greater
than 1 inch above said top surface. 22. The nozzle unit as recited

in claim14, whefeigp sf? ngéfbé %tﬁ zs%cfz%feem'thaeg1@Eat@d'&&ﬁinn0

greater than a top sur of sal
a reservoir of fluid and connected to a source of pressurized air,

comprising:
a paver located within the reservoir, said paver having an aperture;
a housing that is Jocated within smeunted-to the reservoir;
a nozzle that is coupled to the source of pressurized air and located
relative to said paver to direct fluid through said aperture, said nozzle

having an eductor that provides fluid communication between an inner

chamber of said nozzle and the fluid of the reservoir to allow fluid to flow

into said inner chamber from the reservoir;
a positioning plate attached to said nozzle:
a spring coupled to said nozzle; and,
a valve that controls value-rmears—ferconizolling the introduction

of pressurized air into said inner chamber of said nozzlejandy

16. The nozzle unit.as recited in claim 14, further comprising
wherein-said-chassis-means-ineludes a plurality of springs that are

connected to said housing and to a support plate which supports said

nozzle.
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23. A nethod for installing an air powered water display nozzle unit
within a reservoir of fluid, conprising the steps of: a) nounti ng
a nozzle unit to the reservoir, wherein said nozzle unit includes;
a housing that is nmounted to the reserlir;

-17-

17. The nozzle unit as recited in claim 14, wherein said nozzle

includes a feeder tube that extends into said inner chamber.

18. The nozzle unit as recited in claim 14, wherein said valve

means includes a solenoid valve.

20. The nozzlé unit as recited in claim 14, wherein the fluid within

the reservoir is at a level above a top surface of said paver.

21. The nozzle unit as recited in claim 20, wherein said top surface
of said paver is black and the fluid is at a depth no greater than | inch

above said top surface.

22. The nozzle unit as recited in claim 14, wherein the fluid within

the reservoir is at a level no greater than a top surface of said paver.

23. A method for installing an air powered water display nozzle
unit within a reservoir of fluid, comprising the steps of:

a) mounting a nozzle unit to the reservoir, wherein said
nozzle unit includes;

a housing that is mounted to the reservoir;

HIIIIIl lIIIll IIIII IlIlI ll II|I

FFP"?DFT} SHEET ’—-\]
ST TS s




a nozzl e that has an eductor that provides fluid communi cation between an

I nner chanber of said nozzle and the fluid of the reservoir, a
val ve that controls walve neans for controlling t he introduction of
pressurized air into said i nner chanbel7-of sai d nozzl e; a

chassis that supports chassis nmeans for supporting said nozzle within
sai d housing so that said nozzle can nove relative to said housing;
a positioning plate | ocated at an end of said nozzle opposite from said

val ve neans; ba nozglenhae had anseluttyntive preefdestfiuid source of
pressurized air; and, c) installing a paver wwthin the reservoir so
t hat sai d coammunicatien bgthweeenanlinaer abamber ef isaidsrozizlp aner thenflaidiofi sai d
positioning plate is pushed against a bottom surface of said paver so that
sai d nozzl®ee wesesw@ti al | y perpendicular with said paver.

a valve that controls valve-means-for-controlling the

introduction of pressurized air into said inner chamber of said nozzle;

a chassis that supports-ehassis-means-for-supporting said

nozzle within said housing so that said nozzle can move relative to said

housing; 4
a positioning plate located at an end of said nozzle opposite

from said valve means;

b) connecting said valve smeans to a source of pressurized air;
and,

c) installing a paver within the reservoir so that said nozzle is
aligned with an aperture in said paver, wherein said positioning plate is
pushed against a bottom surface of said paver so that said nozzle is

essentially perpendicular with said paver.
24. The method as recited in claim 23, further comprising the step

of connecting said valve means to a controller before said step (c} of

installing said paver.
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24. The nethod as recited in claim23, further conprising the step of
connecting said valve neans to a controlléer bhefore said step (c) of
installing said paver.
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