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VORTEX RING PRODUCING GUN

RELATED APPLICATIONS

The present application is based on, and claims priority
from, U.S. Provisional Application No. 61/233,705, filed
Aug. 13,2009, the disclosure of which is hereby incorporated
by reference herein in its entirety.

BACKGROUND

There are existing novelty devices, such as toy guns, which
produce a puff of air or vortex rings of air. Accuracy and
safety have been among considerations that have defined the
features of some of these devices.

DESCRIPTION OF THE DRAWINGS

One or more embodiments are illustrated by way of
example, and not by limitation, in the figures of the accom-
panying drawings, wherein elements having the same refer-
ence numeral designations represent like elements through-
out and wherein:

FIG. 1is a perspective view of a vortex ring gun according
to an embodiment;

FIG. 2 is a side view of the vortex ring gun of FIG. 1;

FIG. 3 is a side section view of the vortex ring gun of FIG.
1; and

FIG. 4 is a perspective section view of the vortex ring gun
of FIG. 1;

FIG. 5 is a side view of a vortex ring gun according to
another embodiment;

FIG. 6 is another side view of the vortex ring gun of FIG. 5;

FIG. 7 is a rear plan view of the vortex ring gun of FIG. 5;

FIG. 8 is a front plan view of the vortex ring gun of FIG. 5;

FIG. 9 is a top plan view of the vortex ring gun of FIG. 5;

FIG. 10 is bottom plan view of the vortex ring gun of FIG.
5

FIG. 11 is aright perspective view of the vortex ring gun of
FIG. 5;

FIG. 12 is a side section view of the vortex ring gun of FIG.
5;

FIG. 13 is a rear perspective view of a nozzle of the vortex
ring gun of FIG. 5;

FIG. 14 is a front perspective view of the nozzle of the
vortex ring gun of FIG. 5;

FIG. 15 is a rear perspective view of a joint ring of the
vortex ring gun of FIG. 5;

FIG. 16 is a front perspective view of the joint ring of the
vortex ring gun of FIG. 5;

FIG. 17 is a front perspective exploded view of the nozzle
and the joint ring of the vortex ring gun of FIG. 5;

FIG. 18 is a front perspective exploded view of the nozzle,
the joint ring, and the bore sleeve of the vortex ring gun of
FIG. 5;

FIG. 19 is a side section view of FIG. 18;

FIG. 20 is a perspective view of a shutter of the vortex ring
gun of FIG. 5;

FIG. 21 is an end view of the shutter of the vortex ring gun
of FIG. 5;

FIG. 22 is another perspective view of the shutter of the
vortex ring gun of FIG. 5;

FIG. 23 is a side view of the shutter of the vortex ring gun
of FIG. 5;

FIG. 24 is a side section view of a vortex ring gun according
to another embodiment;
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FIG. 25 is a side view of a vortex ring gun according to
another embodiment; and

FIG. 26 is a side view of a vortex ring gun according to
another embodiment.

DETAILED DESCRIPTION

FIG. 1 depicts a perspective view of a vortex ring gun 100
(also referred to herein as ring gun, toy gun, air gun, or gun)
according to an embodiment. Vortex ring gun 100 comprises
a body 102 which, in at least some embodiments, is com-
prised of a molded plastic material. In at least some embodi-
ments, body 102 comprises a right half 104 and a left half 106
along a centerline of the gun, e.g., along a center of a barrel
108 of the gun. Body 102 also comprises a grip 110 extending
from barrel 108. Operation of vortex ring gun 100 causes the
production and propulsion of a vortex ring of fluid from a
nozzle of the gun. In at least some embodiments, the vortex
ring produced includes a second fluid, e.g., air or another gas,
or a colored fluid, or colorant, within the vortex ring. In at
least some embodiments, gun 100 comprises a blockage ele-
ment operating as a safety device and/or a fluid accelerator. In
at least some other embodiments, gun 100 comprises one or
more pressure limiting vents operating in conjunction with
the central blockage to limit pressure in the event a nozzle of
the gun is blocked. In at least some embodiments, pressure
limiting vents operate separate from the central blockage to
limit pressure in the event a nozzle of the gun is blocked.

In at least some embodiments, right half 104 and left half
106 are substantially mirror images of each other. In at least
some embodiments, body 102 is comprised of a single piece
of material, e.g., a single molded piece formed around the
interior parts. In at least some embodiments, body 102 is
comprised of a shaped plastic material. In at least some
embodiments, body 102 is comprised of a metal, wood, fiber,
and/or other material.

Gun 100 also comprises a nozzle assembly 111 coupled
with body 102. Nozzle assembly 111 comprises a nozzle 112
and a joint ring 113. In at least some embodiments, nozzle
assembly 111 comprises nozzle 112 separate from joint ring
113 and in other embodiments nozzle assembly 111 com-
prises an integrated nozzle 112 and joint ring 113. Nozzle 112
is coupled with barrel 108 of the gun. Nozzle 112 is generally
cylindrical-shaped. In at least some embodiments, nozzle 112
comprises a stepped cylindrical shape. In at least some
embodiments, nozzle 112 is a stepped right cylindrical shape;
however, other shapes are within the scope of the present
embodiments, e.g., the nozzle in some embodiments may be
ofa curvilinear nature. Nozzle 112 is connected at one end of
barrel 108 via a joint ring 113 and comprises an opening
(nozzle opening) 114 in line with a bore within the barrel.
Nozzle 112 defines a nozzle bore 116 longitudinally aligned
with a bore of barrel 108 and extending through the nozzle
from the side adjacent the barrel to nozzle opening 114. Joint
ring 113 also comprises four pressure venting slots 118 cir-
cumferentially spaced around the exterior of the joint ring. In
at least some embodiments, joint ring 113 comprises greater
or fewer numbers of pressure venting slots 118. Pressure
venting slots 118 are generally slit-shaped and, in at least
some embodiments, comprise a rounded end. Joint ring 113
defines a fluid passageway extending from an interior surface
of'the nozzle assembly to the exterior of the nozzle assembly
and terminating at the pressure venting slots 118. In at least
some embodiments, the defined fluid passageway extends
radially away from the centerline of joint ring 113.

Gun 100 also comprises a knob (puller) 120 coupled with
a piston positioned inside the bore of barrel 108. The knob
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120 and connected piston extend longitudinally along the
bore and are slidably movable along the bore. In at least some
other embodiments, the piston comprises a moveable mem-
ber such as a flexible diaphragm or other mechanism. A
biasing mechanism, e.g., a spring, causes the knob and piston
to be positioned closer to nozzle 112. A trigger 122 extends
from grip 110, and in cooperation with a catch mechanism, is
used by a user to alternately retain knob 120 and piston away
from nozzle 112 and release the piston allowing the biasing
mechanism to propel the piston toward the nozzle.

In at least some embodiments, trigger 122 extends from
barrel 108. In at least some embodiments, gun 100 lacks a
trigger 122 and the user holds knob 120 in a retracted position
and in at least some other embodiments, knob 120 is biased in
a retracted position.

In operation, knob 120 is gripped by a user and manipu-
lated to pull the piston back along the bore away from nozzle
112. In a fully retracted position with knob 120 and piston
pulled fully away from nozzle 112, gun 100 is said to be in a
cocked or ready position.

Further, a user manipulating or pulling trigger 122 causes
release of the piston and expulsion of fluid within the bore of
barrel 108 toward nozzle opening 114. Due at least in part to
the configuration of nozzle 112, the fluid passing through
nozzle opening 114 on exiting the opening forms a vortex ring
of fluid moving away from gun 100.

Gun 100 also comprises eight intake slots 124 (four intake
slots through each half of the gun) defined along barrel 108.
Intake slots 124 form passageways between the interior of the
bore within barrel 108 and the exterior of gun 100. In at least
some embodiments, intake slots 124 are generally rounded
elongated openings. Fluid exterior of gun 100 enters the gun
by way of at least intake slots 124.

In at least some embodiments, gun 100 comprises greater
or fewer number of intake slots 124. In at least some embodi-
ments, intake slots 124 comprise different shapes and/or dif-
ferent placement on barrel 108.

FIG. 2 depicts a side view of the vortex ring gun of FIG. 1.

FIG. 3 depicts a side section view of the vortex ring gun of
FIG. 1.

Gun 100 also comprises a trigger spring 300 coupling
trigger 122 to body 102 in a biased manner, a catch 302, a
catch pin 304, a piston 306 coupled with knob 120, a piston
spring 308 positioned in intermittent contact with piston 306,
a bore 310, a bore sleeve 312 positioned at least partially
within the bore and coupled with joint ring 113. In at least
some embodiments, bore sleeve 312 coupled with joint ring
113 further couples nozzle 112 to gun 100.

In at least some embodiments, nozzle assembly 111 com-
prises nozzle 112, joint ring 113, and bore sleeve 312, in
combination. In at least some further embodiments, two or
more of nozzle 112, joint ring 113, and/or bore sleeve 312
may be integrated into a single element forming nozzle
assembly 111.

Jointring 113 comprises a central blockage 314 positioned
within nozzle bore 116. Central blockage 314 is cylindrical-
shaped. In at least some embodiments, central blockage 314
may be a different size and/or shape. In at least some embodi-
ments, an area of a face of central blockage 314 facing piston
306 is greater than half of the area of the piston face. In at least
some embodiments, central blockage 314 may be positioned
off-center of nozzle bore 116. In at least some other embodi-
ments, central blockage 314 may comprise non-straight, i.e.,
curvilinear, sidewalls.

Nozzle 112, and more specifically the interior of nozzle
opening 114, comprises a lip 316 at the interior of the nozzle
opening of the inner surface of the nozzle interior. In at least
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some embodiments, lip 316 extends at an angle from a side-
wall of nozzle 112 interior to the edge of nozzle opening 114.

In at least some embodiments, lip 316 extends at an angle
along a straight line from sidewall to the nozzle opening 114.
In at least some other embodiments, lip 316 extends along a
curvilinear path from sidewall to the nozzle opening 114.

Lip 316 comprises a plurality of fluid entrapment ribs 318.
In at least some embodiments, fluid entrapment ribs are cir-
cumferentially-spaced around nozzle opening 114. In at least
some embodiments, ribs 318 completely surround nozzle
opening 114. In at least some embodiments, ribs 318 do not
completely surround nozzle opening 114 and instead may be
irregularly or otherwise spaced around the nozzle opening.

When the puller or knob 120 is pulled back, trigger spring
300 causes catch 302 to move into a position that retains the
puller in a cocked position, thereby storing the pulling energy
in the piston spring 308. When the barrel is full of fluid, e.g.,
water, and the trigger is pulled, the fluid is forced around the
central blockage and out the nozzle at high speed. In at least
some embodiments, the barrel need not be full of fluid prior to
release of trigger and propulsion of fluid through nozzle 112.
Simultaneously, fluid is also drawn in behind the piston
through intake slots 124 in the grip body. The lip 316 at the
output of the nozzle causes a peripheral blockage that is
similar to the central blockage in that both provide approxi-
mately the same proportion of blockage of the maximum flow
area defined by the sleeve diameter. Thus, the velocity of the
fluid flowing around the central blockage is approximately
the same as the velocity of the fluid flowing through the
peripheral blockage of the nozzle.

If a second fluid, e.g., ambient air or another gas, colored
water or other fluid, has been trapped within fluid entrapment
ribs 318 of the nozzle prior to firing, then the second fluid will
be entrained within the high speed flow of the fast moving first
fluid as the first fluid passes the fluid entrapment ribs prior to
exiting the nozzle. In at least some embodiments, being of
lower density than the first fluid, the entrained second fluid
will be forced to the vortex core by the circulating first fluid of
the vortex ring as it forms directly outside the nozzle. If no
second fluid was trapped within the fluid entrapment ribs of
the nozzle prior to firing, then a vortex ring composed of only
the first fluid will be formed directly outside the nozzle. In
either case, a certain proportion of the pulling energy is stored
as rotational energy in the vortex ring, and another proportion
is observed as the kinetic translation of the vortex ring
through the ambient surrounding fluid. The remaining pro-
portion of the original pulling energy is lost to viscous and
frictional heating.

Under normal firing conditions where the nozzle is unob-
structed, high speed fluid passes by the pressure venting slots
118, but no fluid is expelled through said slots because the
pressure of the high speed fluid is reduced due to the venturi
effect. In at least some embodiments, a minimal amount of
fluid may be expelled through the pressure venting slots even
if there is no obstruction. If the gun is fired and the nozzle is
obstructed, then the maximum peak pressure upon the
obstruction will be limited because fluid will flow out through
the pressure venting slots, and not past said slots.

A dry soluble colorant formed into a pellet, or a concen-
trated liquid colorant in a porous capsule, may be inserted into
the orifice 320 present on the central blockage, so that the
expelled fluid will pick up colorant as it exits the gun, or
during intervals between firings. This will produce colored
traveling vortex rings.

FIG. 4 depicts a perspective section view of the vortex ring
gun of FIG. 1.
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Disclosed herein is a novel design for a gun, e.g., a toy gun,
that is usable under water in swimming pools, bathtubs, or
other bodies of water. The gun is cocked above or below the
water’s surface. When the gun is cocked, and placed under
water, the barrel is pointed upward to release air bubbles, and
thereby fill with water. The nozzle may then be raised slightly
out of the water, and lowered back into the water in order to
entrap a specific amount of air within the air entrapment ribs
inside the nozzle. Next, the gun is fired under water. The gun
will emit a rotating vortex ring that travels under water to a
target. If the nozzle was loaded with air, the vortex ring will be
composed of spinning water with a core of air. This air filled
ring will be visible underwater due to the difference in index
of refraction of the two materials. If no air is loaded into the
nozzle, then the vortex ring emitted from the gun is invisible
as it travels underwater. In either case, the vortex ring carries
energy in the forms of angular momentum and translational
momentum to a target.

There are two integrated safety features in this design. The
first safety feature is a central blockage placed inside the
barrel close to the exit nozzle; so that foreign objects cannot
be pushed into the barrel, come in contact with the moving
internal parts, and thereby be ejected from the gun when fired.
The central blockage has a second function also. Fluid flows
around the perimeter of the central blockage and is thereby
accelerated to a higher velocity.

The second safety feature is a plurality of pressure venting
slots situated in proximity to the accelerated fluid flow caused
by the central blockage; so as to take advantage of the venturi
effect caused by said fast moving fluid. Normally, the nozzle
will not be blocked when the gun is fired; and fast moving
fluid will cause a low pressure at the pressure venting slots so
that no fluid is ejected from said slots. Ifthe nozzle is blocked,
and the gun is fired; fluid will be ejected from the pressure
venting slots because there is no fast moving fluid passing
said vents to cause a drop in pressure at said vent openings.

Additionally, a dry soluble colorant formed into a pellet, or
a concentrated liquid colorant in a porous capsule, may be
inserted into an orifice present on the central blockage, so that
the expelled fluid will pick up colorant as it exits the gun, or
during intervals between firings. This will produce colored
traveling vortex rings.

FIG. 5 is a side view of a vortex ring gun 500, according to
another embodiment. Vortex ring gun 500 is similar to gun
100 (FIG. 1). Gun 500 differs from gun 100 from an exterior
view in that gun 500 comprises a different nozzle and joint
ring configuration (generally referred to by reference 502 and
in combination with a bore sleeve within the gun the compo-
nents corresponding to a nozzle assembly) and comprises a
shutter mechanism (generally referred to by reference 504)
with respect to the intake slots. In at least some embodiments,
gun 500 may comprise either one of nozzle and joint ring
configuration (nozzle assembly) 502 or shutter mechanism
504, or both. Additionally, gun 500 comprises six intake slots
506 (three on each side) in comparison to the eight intake slots
124 of gun 100. In at least some other embodiments, gun 500
may comprise greater or fewer number of intake slots.

FIG. 6 is another side view of gun 500.

FIG. 7 is a rear plan view of gun 500.

FIG. 8 is a front plan view of gun 500.

FIG. 9 is a top view of gun 500.

FIG. 10 is a bottom view of gun 500.

FIG. 11 is a perspective view of gun 500.

FIG. 12 is a side section view of gun 500. Gun 500 differs
from gun 100 in at least comprising a shutter 1200 arranged to
control the amount of fluid entering into gun 500 via intake
slots 506. Shutter 1200 is configured to be positioned to block
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all, none, or a portion of intake slots 506. By positioning
shutter 1200 to block at least some of intake slots 506, the rate
of fluid entering or drawn into the intake slots is reduced. In at
least some embodiments, shutter 1200 may be configured to
block one or more of intake slots 506. In at least some
embodiments, shutter 1200 slidably moves within the interior
of gun 500.

In atleast some embodiments, shutter 1200 comprises four
positions corresponding to the shutter blocking none, one,
two, or three of intake slots 506. In at least some embodi-
ments, greater or fewer number of positions of shutter 1200
are possible.

Gun 500 also differs from gun 100 in comprising a nozzle
1202 which comprises one or more fluid reservoirs 1204
(dashed line region). In at least some embodiments, nozzle
1202 comprises four circumferentially-spaced fluid reser-
voirs 1204. In at least some other embodiments, nozzle 1202
comprises greater or fewer number of fluid reservoirs 1204. In
at least some embodiments, fluid reservoirs 1204 are gener-
ally cylindrically-shaped regions within nozzle 1202. In at
least some other embodiments, fluid reservoirs 1204 may
comprise different sizes and/or different shapes. For example,
in at least some embodiments, fluid reservoirs 1204 may be
curvilinear-shaped.

Fluid reservoir 1204 opens to the interior of nozzle 1202 by
way of a reservoir orifice 1206. Orifice 1206 is generally a
rectangular-shaped opening; however, in at least some
embodiments, orifice 1206 may be a different size and/or
shape. In at least some other embodiments, orifice 1206 and
fluid reservoir 1204 may be formed as a part of another
element of gun 500. In at least some other embodiments, there
may be a different relationship between the number of fluid
reservoirs 1204 and orifices 1206 than a one-to-one relation-
ship. In at least some embodiments, there may be more fluid
reservoirs 1204 corresponding to each orifice 1206 and in still
further embodiments there may be more orifices 1206 corre-
sponding to each fluid reservoir 1204.

In at least some embodiments, fluid reservoirs 1204 may be
coupled to be in fluid communication with a fluid tank. The
fluid tank may be formed integrally as a part of gun 500 or
may be a separate unit connected to gun 500. In at least some
embodiments, the fluid tank may be connected with one or
more fluid reservoirs 1204 by way of tubing or other connect-
ing mechanism. In at least some other embodiments, orifices
1206 and/or fluid reservoirs 1204 may be connected to tubing
or another connecting mechanism to protrude beyond a sur-
face of a fluid within which gun 500 may be submerged, e.g.,
atube may extend from the gun to above the surface of water
within which the gun is being used. In accordance with at least
this embodiment, the second fluid, e.g., air, may be continu-
ously or intermittently supplied to the orifices 1206 of the
gun.

Gun 500 also comprises a joint ring 1208 similar to joint
ring 113 (FIG. 1). Joint ring 1208 connects nozzle 1202 to a
bore sleeve 1210. The combination of joint ring 1208 adjacent
bore sleeve 1210 defines pressure venting slots 1212 extend-
ing radially from the centerline of the bore sleeve. In at least
some embodiments, joint ring 1208 and a nozzle 1202 may be
integrally formed as a single element and referred to as nozzle
assembly 502. In at least some other embodiments, joint ring
1208 and bore sleeve 1210 may be integrally formed as a
single element. In some further embodiments, joint ring 1208,
bore sleeve 1210, and nozzle 1202 may be integrally formed
as a single element and referred to as nozzle assembly 502. In
at least some embodiments, the collection of bore sleeve
1210, joint ring 1208, and/or nozzle 1202 may be referred to
as nozzle assembly 502.
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Gun 500 also comprises a puller 1214 axially aligned along
a centerline of the barrel of the gun and connected with a
piston-like member 1216 positioned in bore sleeve 1210. A
spring 1218 is disposed around a portion of puller 1214 and
biases the puller in one direction. In at least some embodi-
ments, puller 1214 is biased in an open position, i.e., a posi-
tion in which piston member 1216 is distal from nozzle 1202.
In at least some other embodiments, puller 1214 is biased in
a closed position, i.e., a position in which piston member
1216 is proximate nozzle 1202.

In at least some embodiments, piston member 1216 com-
prises a moveable member such as a piezoelectric element, a
flexible member such as metal, plastic, coated paper, etc.

In operation, as piston member 1216 moves from a position
distal from nozzle 1202, e.g., within or near shutter 1200,
toward a position proximate to the nozzle the piston member
propels fluid through the opening defined by bore sleeve 1210
past ablockage 1220 (similar to blockage 314) and out nozzle
1202, i.e. out nozzle opening 1222. If there is a blockage of
nozzle opening 1222, then the fluid propelled by piston mem-
ber 1216 exits via venting slots 1212. In at least some embodi-
ments, a portion of fluid propelled by piston number 1216
may also exit via nozzle opening 1222 depending on the
amount of blockage of the opening. Similarly, in atleast some
embodiments, a portion of fluid propelled by piston member
1216 may also exit via venting slots 1212 in addition to nozzle
opening 1222 in the event of no blockage of the opening.

FIG. 13 is arear perspective view of nozzle 1202 (FIG. 12)
of gun 500 (FIG. 5). Nozzle 1202 comprises four circumfer-
entially-spaced fluid reservoirs 1204 which open to the inte-
rior of the nozzle via orifices 1206. Additional mounting
openings 1300 defined in nozzle 1202 are used to mount the
nozzle to gun 500.

In at least some embodiments, the term fluid entrapment
regions may be used to refer to both or one of the fluid
reservoirs and/or the fluid entrapment ribs.

FIG. 14 is a front perspective view of nozzle 1202 of the
vortex ring gun of FIG. 5. In at least some embodiments, the
exterior surface of nozzle 1202 may be configured such that
fluid entrapment regions 1204 are not visible or are less
visible from the exterior. In a least some embodiments, the
exterior of nozzle 1202 may be the same as nozzle 112 (FIG.
1).

FIG. 15 is a rear perspective view of joint ring 1208 (FIG.
12) of the vortex ring gun of FIG. 5. Similar to mounting
openings 1300 (FIG. 13), jointring 1208 comprises mounting
openings 1500. As depicted, the rear surface of joint ring 1208
slopes from the outer perimeter down to the inner perimeter of
the joint ring, i.e., the thickness of the joint ring decreases
moving from the outer circumference to the inner circumfer-
ence.

FIG. 16 is a front perspective view of joint ring 1208 (FIG.
12) of the vortex ring gun of FIG. 5.

FIG. 17 is a front perspective, exploded view of nozzle
1202 and joint ring 1208 of the vortex ring gun of FIG. 5. As
depicted, nozzle 1202 is axially aligned with joint ring 1208.
Mounting openings 1300 and 1500 align to mount nozzle
1202 and joint ring 1208 to gun 500.

FIG. 18 is a front perspective, exploded view of nozzle
1202, joint ring 1208, and bore sleeve 1210 of the vortex ring
gun of FIG. 5. Bore sleeve 1210 comprises raised radial
segments 1800 radially-spaced around a centerline of the
bore sleeve. Joint ring 1208 positioned atop bore sleeve 1210
contacts raised radial segments 1800 causing the definition of
venting slots 1212 on the remaining surface of the bore
sleeve. That is, joint ring 1208 does not contact the entire
surface of bore sleeve 1210.
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Blockage 1220, also visible in FIG. 18, is similar to block-
age 314 (FIG. 3).

FIG. 19 is a side section view of FIG. 18.

FIG. 20 is a perspective view of shutter 1200 (FIG. 12) of
the vortex ring gun of FIG. 5. Shutter 1200 comprises a lever
2000 for controlling the position of the shutter within gun
500. In at least some embodiments, shutter 1200 comprises a
single lever while in other embodiments the shutter may
comprise a different shaped, different sized, or greater or less
number of levers.

Shutter 1200 also comprises a positioning finger 2002
along a surface of the shutter for retaining the shutter in
position with respect to the interior of gun 500. In at least
some embodiments, positioning finger 2002 is a resilient or
flexible member. In at least some embodiments, positioning
finger 2002 interacts with one or more detents within gun 500
to retain shutter 1200 in position.

FIG. 21 is an end view of shutter 1200 of the vortex ring
gun of FIG. 5. As depicted, shutter 1200 comprises rounded
sides to conform to the shape of the interior of gun 500. In at
least some embodiments, shutter 1200 does not have rounded
sides. In at least some other embodiments, shutter 1200 is
circular in cross-section.

FIG. 22 is another perspective view of shutter 1200 of the
vortex ring gun of FIG. 5.

FIG. 23 is a side view of shutter 1200 of the vortex ring gun
of FIG. 5.

FIG. 24 is a side section view of a vortex ring gun 2400
according to another embodiment similar to gun 500 (FIG. 5).
Gun 2400 comprises a fluid supply tank 2402 positioned
within a lower portion of the gun. In the depicted embodi-
ment, fluid supply tank 2402 is positioned within gun 2400
below bore sleeve 1210. Fluid supply tank 2402 is coupled
with fluid reservoir 1204 via a supply line 2404. In at least
some embodiments, the entirety of fluid supply tank 2402 and
supply line 2404 are positioned within gun 2400. In at least
some other embodiments, all or a portion of fluid supply tank
2402 and/or supply line 2404 are positioned external to gun
2400. In at least some embodiments, different size, shape,
volume, and/or positionings of the fluid supply tank are con-
templated.

In at least some embodiments, one or more additional fluid
supply tanks may be positioned in gun 2400 and connected
via one or more supply lines to one or more of the fluid
reservoirs. In at least some embodiments, fluid supply tank
2402 supplies a second fluid to fluid reservoir 1204, e.g., air or
another gas, a colored fluid, a colorant, etc.

In atleast some embodiments, fluid supply tank 2402 com-
prises an opening to the exterior of gun 2400 through which a
second fluid, e.g., air or another gas, colorant, a colored fluid,
etc., may be added.

FIG. 25 is a side view of a vortex ring gun 2500 according
to another embodiment similar to gun 2400 (FIG. 24). Gun
2500 comprises an externally-positioned fluid supply tank
2502 positioned external to the gun. In the depicted embodi-
ment, fluid supply tank 2502 is positioned mounted on top of
the gun. In at least some embodiments, different size, shape,
volume, and/or positionings of the fluid supply tank are con-
templated. Fluid supply tank 2502 is coupled with fluid res-
ervoir 1204 via a supply line 2504. In at least some embodi-
ments, the entirety of fluid supply tank 2502 and supply line
2504 are positioned external to gun 2500. In at least some
other embodiments, all or a portion of fluid supply tank 2502
and/or supply line 2504 are positioned internal to gun 2500.

In at least some embodiments, one or more additional fluid
supply tanks may be positioned on gun 2500 and connected
via one or more supply lines to one or more of the fluid
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reservoirs. In at least some embodiments, fluid supply tank
2502 supplies a second fluid to fluid reservoir 1204, e.g., air or
another gas, a colored fluid, a colorant, etc.

In at least some embodiments, fluid supply tank 2502 com-
prises an opening to the exterior of gun 2500 through which a
second fluid, e.g., air or another gas, a colorant, a colored
fluid, etc., may be added.

FIG. 26 is a side view of a vortex ring gun 2600 according
to another embodiment. FIG. 26 is a view of gun 2600 sub-
merged below a water surface level 2602. Gun 2600 com-
prises a supply line 2604 extending an open end above level
2602 and connected at another end to at least one of the one or
more fluid reservoirs 1204. In at least some embodiments,
supply line 2604 is comprised of a rigid, flexible, or semi-
rigid material. Supply line 2604 also comprises a one-way
valve 2606 to allow entry of air from above level 2602 into
fluid reservoir 1204 and prevent exit of same. In at least some
embodiments, supply line 2604 does not include one-way
valve 2606. In at least some other embodiments, valve 2606 is
positioned and/or attached or formed as part of fluid reservoir
1204 or another piece of gun 500.

In at least some embodiments, gun 100, 500, 2400, 2500,
2600 is used to produce a vortex ring while submerged below
the surface of a liquid, e.g., while submerged in water. In at
least some embodiments, the vortex ring produced by gun
100, 500, 2400, 2500, 2600 comprises a second fluid, e.g., a
colorant or air bubbles.

In at least some embodiments, the second fluid and/or
colorant has a lower density than the first fluid, e.g., the fluid
propelled by piston member 306 or 1216. Because of the
lower density, the second fluid and/or colorant moves toward
the core of the generated vortex ring as opposed to the periph-
ery of the ring. In at least some embodiments, the generated
vortex ring retains the second fluid and/or colorant for a
longer time period and/or the second fluid and/or colorant is
not lost to the surrounding first fluid through which the gen-
erated vortex ring travels.

It will be readily seen by one of ordinary skill in the art that
the disclosed embodiments fulfill one or more of the advan-
tages set forth above. After reading the foregoing specifica-
tion, one of ordinary skill will be able to affect various
changes, substitutions of equivalents and various other
embodiments as broadly disclosed herein. It is therefore
intended that the protection granted hereon be limited only by
the definition contained in the appended claims and equiva-
lents thereof.

What is claimed is:

1. A vortex ring producing gun comprising:

a body defining a first interior volume;

a moveable element positioned in fluid communication

with the first interior volume;

a nozzle assembly coupled with the body at an opening of
the body, the nozzle assembly comprising:

a nozzle comprising a nozzle opening located distal from
the body, wherein the nozzle opening is configured to
produce a vortex ring and connect the first interior vol-
ume to an exterior of the vortex ring producing gun; and

one or more fluid entrapment chambers within the nozzle
assembly between the body and the nozzle opening,

wherein each fluid entrapment chamber of the one or more
fluid entrapment chambers is formed by a pair of con-
necting ribs extending from an inner surface of the
nozzle assembly toward the nozzle opening, and each
fluid entrapment chamber of the one or more fluid
entrapment chambers defines a separate interior volume
in fluid communication with the first interior volume;
and
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a joint ring configured to connect the nozzle assembly to
the body, the joint ring comprising:

at least one pressure venting slot configured to provide a
fluid path between an interior of the nozzle assembly and
the exterior of the vortex ring producing gun.

2. The gun as claimed in claim 1, wherein the one or more
fluid entrapment chambers are circumferentially spaced
about the nozzle opening.

3. The gun as claimed in claim 1, wherein a relative posi-
tion of the nozzle and the joint ring to each other defines the
at least one pressure venting slot.

4. The gun as claimed in claim 1, further comprising:

a bore sleeve coupled between the body and the joint ring,
wherein a relative position of the joint ring and the bore
sleeve to each other defines the at least one pressure
venting slot.

5. The gun as claimed in claim 1, further comprising a
blockage positioned at least partially within at least one of the
body, or the nozzle assembly.

6. The gun as claimed in claim 5, wherein the blockage is
a central blockage positioned along a centerline of at least one
of'the body, or the nozzle assembly.

7. The gun as claimed in claim 5, wherein the blockage is
arranged to prevent insertion of objects into said body.

8. The gun as claimed in claim 5, wherein the blockage
comprises a face having an area greater than half an interior
area of the nozzle assembly.

9. The gun as claimed in claim 5, wherein the blockage
comprises a cavity arranged to receive a soluble colorant.

10. The gun as claimed in claim 9, wherein the cavity is
formed in the face of the blockage and opens away from the
body.

11. The gun as claimed in claim 1, further comprising an
orifice adjacent at least one of the first interior volume or the
nozzle assembly and the orifice is arranged to receive a
soluble colorant.

12. The gun as claimed in claim 11, further comprising a
pellet comprising a soluble colorant, the pellet sized to fit
within the orifice and arranged to cause fluid within at least a
portion of the gun to become colored by the colorant.

13. The gun as claimed in claim 11, further comprising a
capsule comprising a soluble colorant, the capsule sized to fit
within the orifice and arranged to cause fluid within at least a
portion of the gun to become colored by the colorant.

14. The gun as claimed in claim 11, further comprising a
soluble colorant wherein the soluble colorant has a density
less than the density of a fluid surrounding the gun.

15. The gun as claimed in claim 1, wherein the at least one
pressure venting slot comprises a plurality of pressure venting
slots circumferentially disposed about the interior surface of
the nozzle assembly and radially extending from the interior
of the nozzle assembly.

16. The gun as claimed in claim 15, the pressure venting
slots extending at an acute angle to the axis of the nozzle
assembly.

17. The gun as claimed in claim 5, wherein the at least one
pressure venting slot comprises a plurality of pressure venting
slots circumferentially disposed about the interior surface of
the nozzle assembly and radially extending from the interior
surface.

18. The gun as claimed in claim 17, the pressure venting
slots extending at an acute angle to the axis of the nozzle
assembly.

19. The gun as claimed in claim 1, wherein the fluid entrap-
ment chambers comprise one or more fluid reservoirs.
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20. The gun as claimed in claim 19, the fluid reservoirs
comprising a cylindrical-shaped region defined as part of the
nozzle assembly.

21. The gun as claimed in claim 19, the nozzle assembly
defining a reservoir orifice arranged to provide fluid commu-
nication between the interior of the nozzle assembly and the
fluid reservoir.

22. The gun as claimed in claim 1, wherein the moveable
element is a piston.

23. The gun as claimed in claim 1, further comprising:

a fluid supply connected with one or more of the fluid
entrapment chambers.

24. The gun as claimed in claim 23, wherein the fluid
supply comprises at least one of an internal supply positioned
at least partially internal to the gun, an external supply posi-
tioned at least partially external to the gun, or ambient air.
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25. The gun as claimed in claim 24, further comprising a
supply line connecting the fluid supply to at least one of the
fluid entrapment chambers.

26. The gun as claimed in claim 24, wherein the fluid
supply comprises a supply tank.

27. The gun as claimed in claim 5, further comprising:

a fluid supply connected with one or more of the fluid

entrapment chambers.

28. The gun as claimed in claim 27, wherein the fluid
supply comprises at least one of an internal supply positioned
at least partially internal to the gun, an external supply posi-
tioned at least partially external to the gun, or ambient air.

29. The gun as claimed in claim 28, further comprising a
supply line connecting the fluid supply to at least one of the
fluid entrapment chambers.

30. The gun as claimed in claim 28, wherein the fluid
supply comprises of a supply tank.
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