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This invention relates to an air discharge nozzle con-
struction and mounting in a flexible conduit for use in
connection with apparatus used in maintaining the sur-
face of water free of ice during freezing weather in boat
basins, harbors, waterways, ponds and the like, as dis-
closed in applicant’s co-pending application filed on even
date herewith Serial No. 237,278 and now abandoned
and applicant’s prior application Serial No. 95,114 filed
March 13, 1961, now Patent No. 3,193,260.

The present invention provides an air discharge noz-
zle construction that may be made of any suitable mate-
rial such as metal or plastic and formed with a nozzle
body having a pointed inner end and a retaining flange
or shoulder constructed so that the nozzle body may have
the inner end forced through a small aperture formed in
a flexible pipe or casing wall structure so as to enlarge
the aperture sufficient for the inner end of the nozzle
body to extend through the wall of the conduit or casing
and have the portion forming the aperture engage the
shoulder for locking the nozzle body in the conduit mem-
ber. This provides a convenient nozzle body for air dis-
charge pipes or conduits, casings and the like, having a
flexible wall portion, because the nozzle body can have
the inner end forced into the conduit or flexible wall
from the outside surface by first piercing an aperture
through the wall and then forcing the inner end of the
nozzle body through the aperture to enlarge the aper-
ture and interlock the nozzle body with the flexible wall
structure for a firm fluid-tight connection with the flexi-
‘ble wall structure without other means of attachment.

The air nozzle provided by the invention has a re-
duced inner end portion formed with a tapered substan-
tially pointed terminal section at the inner extremity and
a locking flange or shoulder formed on the inner end of
the nozzle body adjacent the tapered terminal section with
a central section having a smaller size adjacent the lock-
ing shoulder or flange which flares outwardly toward the
outer end of the nozzle body into an outer end portion
of larger size. This provides an inner end structure con-
structed so the substantially pointed inner extremity of
the nozzle body may be inserted in a small aperture
formed in a flexible conduit casing wall and forced
through this aperture. In forcing the inner end of the
nozzle body through the aperture in the casing wall the
tapered end will enlarge the aperture and cause the flex-
ible wall to bend inwardly under the tension while the
inner end extends through the aperture until the edge of
the conduit or casing wall about the aperture engages
and interlocks with the flange or locking shoulder on the
nozzle body. Then, the flexible wall and nozzle body
will inter-engage in locked relation with the inwardly
curved portion of the flexible wall lying adjacent the sur-
face of the outwardly flaring central portion of the noz-
zle body and provide a sealed interlocked connection
between the nozzle body and flexible wall for firmly re-
taining the nozzle body mounted in the wall structure.
The nozzle body is formed with an air passage extend-
ing from the inner end to the outer end in order that
compressed air flowing through the flexible conduit or
casing may be discharged through the air passage of the
nozzle body and outwardly from the conduit or casing.

The nozzle body according to the invention, also has
the inner end inwardly of the locking shoulder formed
with an annular air passage in a section of reduced diam-
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eter between the tapered or conical terminal section and
the locking flange providing a pair of spaced shoulders
facing one another adapted to receive and retain a band
of screen mesh about the section of reduced diameter be-
tween the shoulders. When the inner end of the nozzle
body is forced through the aperture in the flexible wall
structure, this section having the annular air inlet and
screen structure will extend through the aperture into
the inside of the conduit or casing when the edge of the
casing about the aperture is interlocked with the flange
or locking shoulder construction. The air passage
through the nozzle body will open into this annular re-
cess forming an air inlet chamber at the inner end of the
body. This screen covered annular air duct or recess in
the inner end of the nozzle body provides a means of
having foreign matter in the air conduit prevented from
entering the passage in the nozzle body and clogging it
against the passage of air. Any dint or other foreign
matter will be stopped by the surface of the screen and
in view of the screen band extending about the inner end
of the nozzle body, a considerable amount of dirt can be
stopped by the screen without preventing entrance of air
through other portions of the screen.

The invention provides a nozzle body adapted to be
mounted on an air outlet conduit or casing of suitable
form having an outer end extending outwardly from the
outer side of the casing or wall structure and formed with
the open outer end of an air passage through the nozzle
body for discharging air from the outlet conduit outward-
ly therefrom. A bubble cap is mounted on the outer end
of the nozzle body and has a passage for air from the
passage in the nozzle body extending with a pair of lip
portions on the outer end of the bubble cap resiliently
engaged with each other for normally closing the passage
through the nozzle cap for air from the nozzle body by
means of the resilience of the material of which the cap
is formed, or in any other suitable manner. The flexible
lips are formed to normally engage one another and main-
tain the air passage therebetween in closed relation so as
to prevent water or fluid outside of the bubble cap from
entering through the passage therein into the nozzle body.
The bubble cap is formed on the inner side at the end of
the air passage in the nozzle body so that compressed air
with sufficient force applied through the passage in the
nozzle body will operate the lip portions to separate
them and cause them to vibrate back and forth out of
closed position. This vibration of the lip portions dur-
ing discharge of air through the nozzle body will break
the air discharged between the lip portions into fine bub-
bles particularly when they are discharged into water or
similar fluids.

Where the invention is used with submerged air con-
duits and casings for maintaining the surface of water free
of ice in a marina, harbor or the like, the present inven-
tion provides a simple and inexpensive means for pro-
viding air discharge nozzles at spaced intervals in the air
outlet conduits and casings. The air discharge nozzles
according to the invention are easily inserted at any
point along the length of an air conduit and casing struc-
ture. Should any nozzle become stuffed up with dirt or
foreign matter so that it does not effectively discharge
air therethrough, it is very easily replaced by a new noz-
zle being inserted into the conduit wall adjacent the
clogged nozzle and at a minimum of expense because of
the simple manner by which the flexible conduit wall
can be pierced to provide a small opening and the nozzle
body then forcibly inserted into fluid-tight relation
through the flexible wall of the conduit to operate in
place of the clogged nozzle. Nozzles made according to
the invention may be inserted into the flexible outlet
conduits without removing the conduits from their assem-
bled relation in the air discharge system.
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In the drawing:

FIG. 1 shows how an air discharge conduit having a
flexible wall is pierced with a pointed instrument to form
a small aperture therein.

FIG. 2 shows how the pointed instrument shown in
FIG. 1 is extended through the flexible wall of the con-
duit to bend it slightly inward and complete the forma-
tion of a small aperture in the conduit wall.

FIG. 3 illustrates an air discharge nozzle with the inner
end having the pointed terminal portion engaged with the
pointed end in the aperture formed in the flexible wall
of the air outlet conduit preparatory to forcing it into
assembled relation with the conduit wall.

FIG. 4 shows an enlarged cross-section through a flex-
ible air outlet conduit illustrating an air discharge nozzle
forced through the aperture in the flexible conduit wall
and interlocked therewith in fluid-tight and assembled
relation.

FIG. § is a vertical cross-section taken on line 5—5
of FIG. 4 showing the outer end of the nozzle body in
elevation and the bubble cap in cross section to illustrate
details of construction.

FIG. 6 is a cross-section on a reduced scale taken on
line 6—6 of FIG. 4.

FIG. 7 is a cross-section on a reduced scale taken on
line 7—7 of FIG. 4.

FIG. 8 is a cross-section on a reduced scale taken on
line 8—8 of FIG. 4.

FIG. 9 is a cross-section of a modified form of dis-
charge nozzle mounted in a flexible conduit wall which
omits the screen and annular air passage.

FIG. 10 is a vertical cross-section showing a modified
form of nozzle and screen mounting.

The air discharge nozzle has a nozzle body generally
indicated at 1 formed of an elongated circular shape in
cross-section with a plurality of sections between oppo-
site ends of different size and shape. The inner end por-
tion is formed with a terminal section 2 of small size
which has outer wall surfaces at opposite sides lying in
planes which intersect at the inner extremity of the noz-
zle body as clearly shown in FIG. 4. Terminal section
2 is preferably of conical shape with the inner extremity
substantially pointed. Adjacent terminal section 2, the
nozzle body is formed with an annular air channe] 3
extending between the inner end of terminal section 2
and annular locking flange 4. Air channel 3 is formed by
an inner end section of smaller diameter than the inner
end of conical section 2 and flange 4, as illustrated in
FIGS. 4 and 5, with oppositely facing shoulders formed
on the inner end of terminal section 2 and the outer side
of annular locking flange 4. This provides an annular
air channel about the inner end of the nozzle body for
receiving a band of filter screen mesh 5 having opposite
ends engaging between the inwardly facing shoulders de-
fining air channel 3. Screen mesh or filter 5 will engage
the shoulders in spaced relation about the surface of the
body portion of reduced diameter forming the air chan-
nel.

Annular locking flange 4 is formed on the side facing
the outer end of the nozzle body with a locking face or
seat 6 formed by the central portion 7 of the nozzle body
having the part extending outwardly from annular flange
4 of reduced diameter in comparison with flange 4. Cen-
tral portion 7 of the nozzle body extends from flange 4
toward the outer end of the nozzle body and flares out-
wardly to provide an annular curved outwardly flaring
wall terminating at its outer end opposite flange 4 in a
portion substantially enlarged in size from the inner end
portion. Central portion 7 merges into enlarged outer
end portion 8 of the nozzle body formed with a retaining
groove 9. The nozzle body is formed with a longitu-
dinally extending air passage 10 opening through outer
end portion 8 at the outer end of the nozzle body and
having openings at the inner end opening into annular
air channel 3, as shown in FIGS. 4 and 7.
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Locking flange 4, central portion 7 and outer end por-
tion 8 are all constructed of circular form in cross-sec-
tion for convenience in manufacture although other
shapes which are not substantially circular may be found
convenient for use in carrying out the invention as herein
disclosed.

With the nozzle body constructed as above described,
it is formed for convenient insertion into a flexible con-
duit or flexible wall structure of an air outlet system.
FIGS. 1 to 4 inclusive illustrate an air outlet conduit 11
preferably formed of flexible tubing or the like, there
being forms of piping or tubing made from synthetic
plastic material and other types of materials well known
in the art which provide a flexible wall structure of a
character desirable for use with the outlet nozzle con-
struction of the present invention.

The nozzle herein above described may be readily ap-
plied to the flexible wall 11 into interlocked relation as
shown in FIG. 4 by following a method of first piercing
the wall of conduit 11 with a pointed piercing tool 12.
Piercing tool 12 has the pointed end engaged with the outer
surface of conduit 11 and then forcibly pressed or forced
through the wall transversely as indicated in FIGS. 1
and 2 until the tapered end portion on the tool is moved
entirely through the flexible wall structure, as illustrated
in FIG. 2. Piercing tool 12 is then removed leaving a
small aperture in the wail of outlet conduit 11. Then, a
nozzle body 11 has the pointed end of terminal section 2
inserted into the aperture in the outlet conduit, as indi-
cated in FIG. 3. Nozzle body 11 is then forced trans-
versely into the aperture so as to bend and stretch the
wall structure of the conduit about the aperture inwardly
and cause terminal section 2 to enlarge the aperture until
it provides for movement of terminal portion 2 through
the aperture and movement of the surrounding portion
of the flexible conduit wall over the terminal section at
the inner end of the nozzle body, then over screen mesh
5 and annular locking flange 4 until the edge of the flex-
ible wall of the conduit 11 passes inwardly beyond lock-
ing flange 4.

By reason of the resiliency and flexibility of the mate-
rial of conduit 11, the marginal portion about the aper-
ture therein will resiliently snap into engagement about
central portion 7 as soon as the edge about the aperture

5 slides off the inner edge of annular locking flange 4.

This will provide for the inner edge of the flexible wall
engaging the locking face or seat 6 on the inner side of
locking flange 4. The marginal portion of the flexible
wall of conduit 11 about the aperture will curve out-
wardly along the surface of central portion 7, as shown
in FIG. 4, and firmly interlock the flexible wall structure
under tension against the outer surface of central section
7 and locking face or seat 6 on flange 4 to firmly lock
the nozzle body in the conduit wall structure. The wall
structure of the conduit 11 is sufficiently flexible to firmly
grip the central section 7 of the nozzle body and seal
the nozzle in fluid-tight relation therein.

The interlocking relation between the wall of conduit
11 and locking face or seat 6 on locking flange 4 will
firmly hold nozzle body 1 in transversely extending rela-
tion with the outer end projecting outwardly beyond the
outer wall surface of the conduit or wall structure. The
nozzle body is inserted from the outer side of the air
outlet conduit in which the shape of the inner end of
the body facilitates its insertion through the aperture in
the outlet conduit in a convenient manner into interlocked
relation merely by forcing it transversely into the conduit.
This provides a most economical method of applying
outlet nozzles to air outlet conduits for de-icing systems
of the character disclosed in the aforementioned co-
pending applications. The connection between the nozzle
body and the outlet conduit wall is substantially rigid
and firm in addition to being fluid-tight so that the usual
pressures used in air conduits of the character employed
in de-icing systems of the character herein mentioned
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and described in the co-pending applications, will with-
stand the highest air pressures and exterior water pres-
sures without leakage of fluid through the connection
between the conduit wall structure and the nozzle body.

The nozzle body may be made of any suitable materials
such as metal or plastic, and constructed so it may be
molded or turned in a convenient manner and produced
in large numbers at an economical cost.

A bubble cap 15 is formed of flexible plastic or rubber
and has a recess 16 opening at the inner end of a size
for receiving the outer end portion 8 on the nozzle body,
as shown in FIGS. 4 and 5. Recess 16 has the inner
wall projecting beyond the outer end 8 of the mnozzle
body extending outwardly in inclined relation toward
the lip portions 17. The outer wall of cap 15 is also
inclined beyond the end of the nozzle body to form a
wall section of substantially uniform thickness. The
inner end of bubble cap 15 has an inwardly extending
flange 18 extending into the open end of recess 16 for
engagement in refaining groove 9 in the outer end por-
tion 8 of the nozzle body. This flange 18 retains bubble
cap member 15 in fluid-tight detachable engagement on
the outer end of nozzle body 1, as shown in FIGS. 4
and 5. Bubble cap member 15 is formed of a suitable
highly resilient plastic or rubber material which will
normally maintain a passage between lips 17 closed by
the resiliency of the material of the cap maintaining lips
17 engaged with one another as shown in FIGS. 4 and 5.

When fluid pressure within conduit 11 is built up to
sufficient pressure it will operate on inclined portions of
the inner walls of bubble cap 15 in recess 16 beyond
the end of the nozzle body and flex the lip portions 17
outwardly and apart from each other to open a small
passage between them according to the volume of air
and its pressure for discharging air outwardly from be-
tween the lip portions. The resiliency of the material
forming the lip portions will cause them fo vibrate back
and forth and break up the air being discharged under
pressure into small bubbles. Where conduits 11 and
nozzle body 1 with bubble cap 15 are submerged in water
in a de-icing system of the character above mentioned,
the pressure within the bubble cap will have to be suf-
ficiently greater than the water pressure on the outside
of the bubble cap to secure operation of lip members 17
which will vibrate back and forth in discharging air in
small bubbles in the surrounding water and normally
maintain the passage there-between closed against the
entrance of water. The outer ends of lip portions 17
may have flexible supportirg flanges 19 formed on the
inner walls, as shown in FIGS. 4 and 5, with the inner
ends engaged with the end surface of outer end portion
8 for co-operation with flanges 18 for supporting bubble
cap 15 in assembled relation on the nozzle body. New
bubble caps may be applied to any nozzle body in its
location in a conduit wherever and whenever it becomes
necessary by merely pulling the old cap off and applying
a new one with flange 18 engaged in retaining groove 9.

Where it is found unnecessary to use nozzles having
filter screen band 5 and annular air channel 3 the nozzle
body will be constructed as shown in FIG. 9. The flexi-
ble wall 25 will be pierced to provide a small aperture
as hereinabove described. Nozzle body 26 is made like
nozzle body 1 with the section providing air channel 3
omitted. Nozzle body 26 will accordingly be formed
with the terminal section 27 of tapered form. Terminal
section 27 will be substantially conical in shape having
the extremity terminating in substantially pointed shape
and the inner and terminating in an annular locking
flange 28. Annular locking flange 28 is formed with a
locking face or seat 29 facing toward the outer end of
body 26.

Nozzle body 26 has a central section 30 extending
from locking flange 28 outwardly. Section 30 has a
smaller diameter or size at the portion adjacent flange
28 for cooperation in forming locking face 29. Section
30 bas an outwardly curved and flared surface extending
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from flange 28 toward the outer end of the nozzle body
and terminates in a substantially cylindrical outer end
portion 31 of substantially larger size than the inner end
of the body. Outer end portion 31 of the nozzle body
is formed with a retaining groove 32 for detachably
mounting a bubble cap 15 thereon. Outer end portion
31, central section 30 and terminal section 27 will have
the same size and shape as the corresponding portions
of nozzle body 1.

Terminal section 27 'is inserted through an aperture
in wall portion 25 in the same manner as terminal sec-
tion 2, until the wall portion about the aperture engages
about the inner end of central section 30 and locking
face or seat 29 on locking flange 28 when the nozzle
body will be firmly retained in assembled position in
wall 25,

The central portion of nozzle body 26 is formed with
an air passage 33 extending axially through the body
and opening at opposite ends. Air within the conduit
or casing having wall portion 25 will flow through this
passage 33 in the nozzle body outwardly to the inside
of cap 15 for operation of the lip portions in a manner
as hereinabove described.

It will be understood that lip portions 17 will be con-
nected at opposite edges of cap 15 and that the central
portions will have wall portions which are separate and
normally engaged so that air pressure separates the inter-
mediate portions of the lip portions in releasing the air.
These lip portions will vibrate at a relatively high fre-
quency in discharging air and forming many small bub-
bles below the surface of water. These small bubbles
spread out in the water in their upward travel and move
a volume of water in a boat harbor, marina, channel or
the like upwardly. Since the water near the bottom of
an open body of water is warmer than the water at the
surface, the upward circulation of the warmer water and
air will spread out under an ice coating on the surface and
melt the ice for a considerable distance away from the
position at which a nozzle body is located. The water
will be circulated by and with the air for keeping an area
above the nozzle free of ice during freezing weather.

A modified form of nozzle construction is shown in
FIG. 10. The nozzle body 36 is of cylindrical construc-
tion and has an annular locking flange 37 at the inner
end. The nozzle body 36 has an enlarged air chamber
38 opening through the inner end. A shoulder 39 is
formed near the inner end of the nozzle body about the
air chamber 38 to receive and support a screen 40. After
the screen 44 is inserted in the inner end of chamber 38,
the end of body 36 is formed inwardly about the margin
of the screen for retaining it against shoulder 39. The
central portion 41 of the outer surface of the body 36 has
the marginal portion of an aperture formed in conduit 42
engaged therewith and annular locking flange 37 for re-
taining the nozzle body in the conduit. The outer end
portion of the nozzle body 36 is constructed in a manner
similar to the previous constructions and carries a bubble
cap for closing the air passage at the outer end of the
body. The nozzle body 36 has an aperture at the outer
end of the air chamber 38 of reduced size as shown in
FIG. 10. The type of nozzle body construction provides
a more economical construction for mounting the screen
and a larger section of screen for passage of air directly
into the air chamber. Otherwise, operation of the nozzle
and bubble cap is substantially the same as above
described.

The invention claimed js:

A discharge nozzle for water de-icing apparatus com-
prising a nozzle body for insertion in a flexible conduit
wall structure having an inner end portion formed with a
substantially conical terminal section with the inner ex-
tremity substantially pointed, the portion of said inner
end adjacent said terminal section having an air filter sec-
tion of reduced diameter extending therefrom and co-
operating to form a shoulder, the opposite end of said air
filter section terminating in an annular retaining flange
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of larger diameter than said reduced diameter of said
filter section, a band of screen wire mounted between
said shoulder and retaining flange in spaced relation to
said section of reduced diameter, said nozzle body being
formed with a longitudinal air passage having the inner
opening in said air filter section of reduced diameter with-
in said band of screen wire for preventing foreign matter
from entering said passage, said nozzle body having an
intermediate section extending outwardly from said re-
taining flange and having a smaller size than said retain-
ing flange adjacent thereto to form an outwardly facing
locking shouider, said intermediate section having an an-
nular curved surface extending outwardly from said re-
taining flange and locking shoulder in substantially frusto-
conical relation and terminating in an outer head portion
of larger diameter than the inner end portion of said body,
said head portion being formed with an inwardly extend-
ing annular groove, and a bubble cap formed of resilient
material having a recess in the inner end receiving the
outer end of said head portion and an inwardly extending
annular flange engaged in said inwardly extending annular
groove in said head portion for retaining said bubble cap
mounted on said nozzle body in fluid-tight relation, and
a pair of lip portions formed at the outer end of said
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bubble cap resiliently engaging each other to maintain a 25

passage through said bubble cap communicating with said
nozzle body passage closed against passage of fluid, and
said lip portions being movable apart by predetermined
pressure applied through said nozzle body passage which
will cause said lips to vibrate and divide compressed fluid
into fine bubbles upon leaving said lip portions, said
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nozzle body having said inner end portion insertable,
through a smaller aperture in said flexible conduit wall
structure for enlarging said aperture bending said wall
structure inwardly and movement through said conduit
wall structure until the edge of said wall structure engages
said outwardly facing locking shoulder on said retaining
flange for retaining said nozzle body interlocked in fluid-
tight relation in said wall structure with the inwardly bent
portion of said wall structure engaging said annular curved
surface for holding said nozzle body in transverse position
in said wall structure.
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