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[571 ABSTRACT

A system for cleaning and verifying the cleanliness of the
interior surfaces of hollow items, such as small bottles,
tanks, pipes and tubes, employs a rotating spray head for
supplying a gas-liquid cleaning mixture to the item’s surface
at a supersonic velocity. The spray head imcorporates a
plurality of nozzles having diverging cross sections so that
the incoming gas-liquid mixture is first converged within the
spray head and then diverged through the nozzles, thereby
accelerating the mixture to a supersonic velocity. In the
preferred embodiment, three nozzles are employed; one
forwardly facing nozzle at the end of the spray head and two
oppositely facing angled nozzles exiting on opposite sides of
the spray head which balance each other, and therefore
impart no net side load on the spray head. A drive mecha-
nism is provided to rotate the spray head and at the same
time move the head back and forth within the item to be
cleaned. The drive mechanism acts on a long metal tube to
which the spray head is fixed, and thus no moving parts are
exposed to the interior surfaces of the items to be cleaned,
thereby reducing the risk of contamination.

22 Claims, 2 Drawing Sheets
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BALANCED ROTATING SPRAY TANK AND
PIPE CLEANING AND CLEANLINESS
VERIFICATION SYSTEM

The present invention was made by employees of the
United States Government and may be manufactured and
used by or for the government for government purposes
without the payment of any royalties thereon or therefor.

BACKGROUND OF THE INVENTION

The present invention relates in general to a system for
cleaning interior surfaces of small tanks, bottles, pipes and
tubes which employs a balanced rotating spray nozzle for
supplying a two-phase gas-solvent mixture at a supersonic
velocity. The system can also be used for cleanliness veri-
fication by replacing the solvent with water, and monitoring
the contaminant level of the waste water.

It is often necessary in industry to clean and verify the
cleanliness of hollow items including small tanks and
bottles, and small diameter pipes and tubes. For example,
gas bottles for supplying gas to a welding torch must be
periodically cleaned to avoid contamination of the gas stored
therein. These bottles typically have a relatively large inte-
rior diameter, however, have a relatively small diameter
opening for dispensing the gas, this diameter typically being
on the order of approximately 1 inch. This design makes it
very difficult to clean the interior of the bottle, especially in
the areas adjacent its neck portion.

A number of techniques have been employed in the past
for cleaning the interior surfaces of these types of items
including flushing the items with solvents and spraying them
with high pressure rotating liquid nozzles. Although these
are generally effective methods for insuring that all of the
interior surfaces, including corners and neck portions, of a
small tank or similar item are sufficiently cleaned, both of
these methods have drawbacks. In particular, solvent flush
methods require large volumes of chemicals to dissolve the
contaminants which is undesirable both from an economic
and environmental standpoint. High pressure liquid sprays,
although requiring less solvent than solvent flush methods,
still require undesirably high volumes of solvent. In view of
this, the need clearly exists for an effective cleaning system
which requires neither strong environmentally unfriendly
solvents, nor high volumes of cleaning liquids for cleaning
problem items, such as the interiors of small tanks and pipes.

SUMMARY OF THE INVENTION

The present invention seeks to fulfill this need by pro-
viding an improved tank and pipe cleaning and cleanliness
verification system which employs a rotating spray head for
supplying a gas-liquid mixture to the item to be treated. The
spray head includes a plurality of spray nozzles, each of
which is specially designed to accelerate a two-phase gas-
liquid cleaning mixture to a supersonic velocity. Preferably,
three of the spray nozzles are provided, one at the tip of the
spray head which is aimed directly forward, and the other
two of which are angled away from the longitudinal axis of
the spray head and exit on opposite sides thereof. The first
of the angled nozzles is aimed in a generally forward
direction, while the second angled nozzle is aimed in a
generally rearward direction, but is parallel to the first
angled nozzle. Since these two angled nozzles are on oppo-
site sides of the spray head, and are parallel with each other,
there is no net force imparted by them on the spray head
during operation; thus, the spray head is balanced.

Preferably, the spray head is disposed on the end of an
extension tube which in turn is both rotatable and translat-
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able along its longitudinal axis by means of a drive mecha-
nism. A threaded nut mounted on a stationary frame is
threaded on and supports the extension tube, and is posi-
tioned adjacent the entrance of a tank or pipe to be treated
during operation. With this arrangement, no bearings or
other moving parts are positioned inside the pipe or tank
being treated, thereby eliminating these potential sources of
contamination. Rotation of the extension tube causes simul-
taneous translational movement of the same as the tube
threads advance through the stationary nut.

To minimize cleaning fluid consumption without compro-
mising cleaning efficiency, the system employs a two-phase
gas and liquid cleaning mixture that is supplied at a low
pressure to the spray head. To provide the required cleaning
action, the spray head’s nozzles are specially designed to
accelerate the gas-liquid mixture to a supersonic velocity. In
particular, each of the nozzles has a diverging cross section
with a narrow throat that intersects a central passage in the
spray head. The intersection between the two angled nozzles
and the central passage is located where the gas-liquid jet
converges due to the curved shape of the central passage.
This convergence of the gas-liquid jet, followed by diver-
gence of the same through the nozzles, results in accelera-
tion of the jet to a supersonic velocity. The mechanical
action of the supersonic jet thereby efficiently removes all
contaminants on the interior surfaces of the tank or pipe to
be cleaned, and does so without use of either a high volume
liquid supply, or strong solvents.

Alternatively, the system can also be employed for clean-
liness verification. This is achieved simply by replacing the
cleaning liquid with plain water, and providing a means for
collecting and analyzing the waste water after it has been
sprayed onto the item. If the contaminant level of the waste
water is below a prescribed level, cleanliness of the item is
verified.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present invention will
become more apparent from the following detailed descrip-
tion of a preferred embodiment thereof, taken in conjunction
with the accompanying drawings, in which:

FIG. 1 is a schematic illustration of a tank and pipe
cleaning and cleanliness verification system constructed in
accordance with the preferred embodiment;

FIG. 2 is a cross sectional schematic illustration of the
preferred embodiment of the spray head used with the
system of FIG. 1; and

FIG. 3 is a partial cross sectional illustration of the spray
head taken along line 1—1 of FIG. 2.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Turning now to a more detailed consideration of a pre-
ferred embodiment of the present invention, FIG. 1 illus-
trates a cleaning system 10 which is particularly suited for
cleaning the interior surfaces of a small tank or bottle 12.
The system 10 employs a two-phase gas and liquid cleaning
mixture which is supplied at low pressure to a cleaning head
14 having a plurality of diverging nozzles 1S, 16 and 17
disposed therein (to be discussed in greater detail below in
conjunction with FIG. 2).

To form the two-phase cleaning mixture, a gas supply
tank for supplying a suitable gas, such as N, or air for
example, is connected via a supply tube 18 to a mixing valve
20, and supplies the gas at a pressure of a few hundred psi.
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more or less. A liquid tank 22 supplies a cleaning liquid,
preferably a dilute mixture of water and a mild solvent or
detergent, through a tube 24 to the mixing valve 20. A third
tube 26 branches off of the gas supply tube 18 and is
connected to the inlet end of the liquid tank 22 so that the
pressure of the inert gas from the gas supply tank 16 acts to
discharge the liquid. The liquid is preferably supplied at a
fairly low flow rate, such as for example, 30 ml/min. The
mixing valve 20 includes a gas orifice 28 and a liquid orifice
30 for accurately metering the supplied gas and liguid to
obtain the desired mixture.

A flexible hose 32 is connected between the outlet of the
mixing valve 20 and a first side of a rotating union 34. A
second side of the rotating union 34 is connected to a first
end of a metal (preferably stainless steel) extension tube 36,
a second end of which is fixedly attached to the spray head
14. The rotating union 34 permits relative rotation of the
metal tube 36 with respect to the flexible hose 32.

A drive mechanism indicated generally as 38 is provided
to cause both rotational and translational movement of the
metal tube 36 and the spray head 14. The drive mechanism
38 includes a reversible drive motor 40 having an output
shaft 42 which drives a belt 44 through a pulley. The belt 44
in turn drives a pulley which is rigidly attached to the metal
tube 36.

The drive motor 40 and rotating union 34 are supported by
a wheeled support frame 46 which permits transiational
movement of these elements. To provide this translational
movement, the metal tube 36 has a threaded exterior portion
48 which engages a threaded nut 50 that is mounted on a
fixed support frame 52. As the metal tube 36 rotates, the
threaded portion 48 engaging the nut 50 causes the metal rod
36 to move along its longitudinal axis. In this manner, the
spray head 14 can be caused to reciprocate within the bottle
12 to be cleaned as it is rotated by first actuating the drive
motor 40 in the forward direction, and then in the reverse
direction. It should be noted that the flexible hose 32 is
provided with enough slack to accommodate the required
translational motion of the metal tube within the item to be
cleaned.

To verify cleanliness of the tank or bottle 12, a waste
water catch pan 60 is provided which collects the waste
water from the tank or bottle 12. A contaminant analyzer 62
of any suitable conventional construction is then employed
to determine the contaminant level of the waste water, and
this level is directly related to the cleanliness level of the
tank or bottle 12.

Turning now to FIGS. 2 and 3, the details of the spray
head 14 are more clearly illustrated. The spray head 14 and
its nozzles 15-17 are specially designed to achieve accel-
eration of the gas-liquid mixture to a supersonic velocity by
using the concepts set forth in Applicants’copending appli-
cation U.S. Ser. No. 08/116,593, filed Aug. 30, 1993 and
entitled “Gas-Liquid Supersonic Cleaning and Cleaning
Verification Spray System”. That application discloses a
cleaning system which, like the present invention, incorpo-
rates nozzles which accelerate a gas-liquid mixture to a
supersonic velocity. This is achieved by providing the
nozzles with a converging-diverging cross section. It is
particularly suited for accelerating a compressible gas-liquid
mixture to a supersonic velocity. The spray head 14 of the
subject invention has a centrally disposed passage 70 which
is in communication with the inlet or throat ends 71 of the
forward facing nozzle 1S and the first and second angled
nozzles 16 and 17. As illustrated, the passage 70 has a
tapered end portion 72 which serves to converge the gas-
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liquid mixture into the inlet or throat end 71 of the forward
facing nozzle 15. This converging-diverging arrangement
results in acceleration of the gas-liquid mixture to a super-
sonic velocity through the forward facing nozzle 15. The
angle “a” between the longitudinal axis and the walls of the
diverging nozzles 15-17 is preferably in the range of
approximately 12°~18° to insure that the gas-liquid flow will
not detach from the nozzle surface, but at the same time
minimize energy absorbing frictional forces that would
prevent the necessary acceleration of the gas-liquid mixture.

Each of the nozzles 15~17 also has an outlet or exit 73
which, because of the diverging shape of the nozzles 15-17,
has a substantially larger area than that of the throat or inlet
71. Applicants have derived equations relating the resulting
velocity of the gas-liquid mixture exiting the nozzles 15-17
to the ratio of the outlet area divided by the throat or inlet
area of each of the nozzles. In particular, the experiments
have shown that with a nozzle length of between % to %2
inch, a throat or inlet diameter of ¥32 inches, an outlet or exit
diameter of 732 inches, and a resulting exit/throat area ratio
of approximately 5.44, acceleration of the gas-liquid mixture
to mach 3 can be achieved.

The overall width w of the spray head 14 must be kept as
small as possible so that the spray head 14 can be inserted
through narrow openings of small botiles, tanks, pipes and
tubes. For example, the typical aperture size of a conven-
tional welding gas bottle is 1 inch so that the width w must
be less than 1 inch. To accommodate this limitation, while
at the same time providing the necessary converging-
diverging arrangement of the angled nozzle 16 and 17, they
are preferably formed in the spray head 14 with longitudinal
axes that make a 45° angle with the longitudinal axis of the
central passage 70. In addition, as illustrated in FIG. 3, the
necessary convergence for the angled nozzles 16 and 17 is
provided by the curved geometry of the central passage 70
which forms a converging section 74 that leads into the
throats 71 of the two angled nozzles 16 and 17. The
converging section 74 causes the gas-liquid mixture to
converge as it enters each of the two angled nozzles 16 and
17, and then it diverges as it exits the two nozzles. Although
this is not as efficient for accelerating the mixture as is a
traditional converging-diverging nozzle, such as is disclosed
in Applicants’previously mentioned copending application,
its use is preferable with the angled nozzles 16 and 17 to
keep their overall lengths, and therefore the overall width of
the spray head 14, to a minimum.

In operation, once the spray head 14 is inserted in the
bottle, tank, pipe or tube to be cleaned, the motor 40 is
actuated, and the spray head 14 is caused to rotate and
simultaneously move slowly along the longitudinal axis of
the bottle or tank. The reduction ratios of the various drive
elements in the drive mechanism 38 are chosen so that the
translational and rotational speeds are appropriately
matched to provide the most efficient cleaning action. In the
preferred embodiment of the invention, the rotational speed
of the spray head 14 is chosen to be fairly high, for example,
100 rpm, while the translational speed is chosen to be fairly
slow, on the order of approximately 50 inches per minute.
Once the spray head 14 has been extended fully within the
hollow item to be cleaned, the motor 40 is reversed so that
the spray head 14 and tube 36 will be withdrawn slowly
from the item.

If the cleanliness of the item is to be verified, the operation
of the system up to this point is the same, with the exception
that water is employed in place of the cleaning liquid. Also,
once the interior of the hollow item has been thoroughly
sprayed, the waste water is collected from within the item by
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the catch pan 60 and analyzed by the analyzer 62 for
contaminant levels.

In summary, the present invention provides a system for
cleaning and verifying the cleanliness of the interior surfaces
of hollow items having small inlet diameters which provides
a number of advantages over prior art systems and methods.
In particular, the design of the spray head provides the
ability to accelerate the gas-liquid mixture to a supersonic
velocity without making the size of the spray head too large
for the desired applications. The balanced arrangement of
the two angled nozzles also eliminates excessive stresses on
the nut 50 and the bearings contained in the rotating union
34 and insures that all interior surfaces of the item being
cleaned will be thoroughly covered. Since the spray head is
formed integrally with the metal extension tube 36, all
rotating connections and bearing surfaces are maintained
outside of the item being cleaned, thereby eliminating these
potential sources of contamination. Finally, the use of the
rotational and translational motion drive mechanism pro-
vides a convenient means for insuring that the items are
thoroughly cleaned.

Although the present invention has been described in
terms of a preferred embodiment, it will be understood that
numerous other modifications and variations could be made
thereto without departing from the scope of the invention as
set forth in the following claims.

What is claimed is:

1. A system for cleaning interior surfaces of hollow items
including bottles, tanks, pipes and tubes comprising:

a spray head containing a plurality of diverging cross
section spray nozzles, each said spray nozzle having an
inlet and an outlet with the inlet having an area smaller
than the outlet area;

means for supplying a gas-liquid mixture to said spray
head; and

means for rotating said spray head, whereby the spray
nozzles accelerate the gas-liquid mixture to a super-
sonic velocity at the outlet of the nozzles and impinge
the mixture on the interior surfaces of a hollow item.

2. The system of claim 1 wherein said plurality of
diverging cross section spray nozzles includes first and
second balanced, oppositely facing nozzles having longitu-
dinal axes parallel to one another, but disposed at an angle
relative to a longitudinal axis of said spray head, said first
and second nozzles having outlet ends disposed on first and
second opposite side walls of said spray head.

3. The system of claim 2, wherein said first nozzle is
generally forwardly facing relative to a front end of said
spray head, and said second nozzle is generally rearwardly
facing relative to the front end of said nozzle, whereby said
second nozzle is particularly suited for spraying inlet areas
of a hollow item when said spray head is positioned therein.

4. The system of claim 3, further including a third
forwardly facing nozzle having an outlet end disposed at
said front end of said spray head.

§. The system of claim 2 wherein the spray head has a
tubular passage in communication with the inlets of the
nozzles, whereby said mixture is converged by the tubular
passage prior to entering the nozzie inlets followed by
divergence in said spray nozzles resulting in acceleration of
said gas-liquid mixture to a supersonic velocity.

6. The system of claim 5, further comprising:

a third forwardly facing nozzle having an outlet end

disposed at a front end of said spray head; and

a tapered end of said passage at said front end of the spray
head in communication with the inlet of said third
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nozzle, whereby said mixture is converged by the
tapered end prior to entering the inlet of the third nozzle
followed by divergence in said third spray nozzle
resulting in acceleration of said gas-liquid mixture to a
supersonic velocity.

7. The system of claim 1, wherein said spray head further
includes means for converging said gas-liquid mixture prior
to entering the inlets of said spray nozzles, whereby con-
vergence of said gas-liquid mixture followed by divergence
in said spray nozzles results in acceleration of said gas-
liquid mixture to a supersonic velocity.

8. The system of claim 7 wherein the converging means
comprises said spray head having a tubular passage in
communication with the nozzle inlets.

9. The system of claim 1, further including:

an extension tube having a first end fixedly attached to an
inlet end of said spray head, and a second end rotatably
connected to said means for supplying said gas-liquid
mixture to said spray head.

10. The system of claim 9, further including means for
supporting said spray head and at least a portion of said
extension tube within a hollow item to be sprayed.

11. The system of claim 1, wherein said means for rotating
said spray head further includes means for simultaneously
moving said spray head back and forth along a longitudinal
axis of a hollow item to be sprayed.

12. The system of claim 11, wherein said means for
rotating said spray head and for simultaneously moving said
spray head back and forth comprises:

a reversible drive motor having a rotatable output shaft;

drive means connected between said output shaft and said
extension tube;

a threaded portion on an exterior surface of said extension
tube; and

a stationary threaded nut mounted on said threaded por-
tion;

whereby, rotation of said drive motor in a first direction
causes rotation of said spray head and said extension
tube in a first direction, and translation of said spray
head in a first direction, and rotation of said drive motor
in a second, opposite direction, causes rotation of said
spray head in a second, opposite direction, and trans-
lation of said spray head in a second. opposite direc-
tion.

13. The system of claim 1, further comprising means for
collecting waste liquid from within a hollow item after it has
been sprayed, and means for analyzing the waste liquid to
determine its contaminant level, and thereby determine the
cleanliness of the hollow item.

14. The system of claim 1 wherein the liquid is supplied
at a low flow rate.

15. A system for cleaning and verifying the cleanliness of
interior surfaces of hollow items including bottles, tanks,
pipes and tubes comprising:

a spray head containing first and second balanced, oppo-
sitely facing diverging cross section spray nozzles for
accelerating a gas-liquid cleaning mixture to a super-
sonic velocity and impinging the same on the interior
surfaces of a hollow item, said balanced, oppositely
facing nozzles having longitudinal axes parallel to one
another, but disposed at an angle relative to a longitu-
dinal axis of said spray head, and having outlet ends
disposed on first and second opposite side walls of said
spray head, each said spray nozzle having an inlet and
an outlet with the inlet having an area smaller than the
outlet area, said spray head further including means for
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converging said gas-liquid mixture prior to entering the
inlets of said spray nozzles, whereby convergence of
said gas-liquid mixture followed by divergence in said
spray nozzles results in acceleration of said gas-liquid
mixture to a supersonic velocity at the outlet of the
nozzle;

means for supplying a gas-liquid mixture to said spray

head;

an extension tube having a first end fixedly attached to an

inlet end of said spray head, and a second end rotatably
connected to said means for supplying said gas-liquid
mixture to said spray head; and

means for simultaneously rotating and moving said spray

head back and forth along a longitudinal axis of a
hollow item to be sprayed.

16. The system of claim 15, wherein said spray head
further includes a third, forwardly facing diverging cross
section spray nozzle having an outlet end disposed at a front
end of said spray head.

17. The system of claim 185, further including means for
supporting said spray head and at least a portion of said
extension tube within a hollow item to be sprayed.

18. The cleaning system of claim 15, wherein said means
for simultaneously rotating and moving said spray head back
and forth comprises:

a reversible drive motor having a rotatable output shaft;

drive means connected between said output shaft and said
extension tube;

a threaded portion on an exterior surface of said extension
tube; and

a stationary threaded nut mounted on said threaded por-
tion;
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whereby, rotation of said drive motor in a first direction
causes rotation of said spray head and said extension
tube in a first direction, and translation of said spray
head in a first direction, and rotation of said drive motor
in a second, opposite direction, causes rotation of said
spray head in a second, opposite direction, and trans-
lation of said spray head in a second, opposite direc-
tion.

19. The system of claim 15, wherein said first nozzle is
generally forwardly facing relative to a front end of said
spray head, and said second nozzle is generally rearwardly
facing relative to the front end of said nozzle, whereby said
second nozzle is particularly suited for spraying inlet areas
of a hollow item when said spray head is positioned therein.

20. The system of claim 15, further comprising means for
collecting waste liquid from within a hollow item after it has
been sprayed, and means for analyzing the waste liquid to
determine its contaminant level, and thereby determine the
cleanliness of the hollow item.

21. The system of claim 15 wherein the converging means
comprises said spray head having a tubular passage in
communication with the nozzle inlets.

22. The system of claim 21, further comprising:

a third forwardly facing nozzle having an outlet end

disposed at a front end of said spray head; and

a tapered end of said passage at said front end of the spray

head in communication with the inlet of said third
nozzle, whereby said mixture is converged by the
tapered end prior to entering the inlet of the third nozzle
followed by divergence in said third spray nozzle
resulting in acceleration of said gas-liquid mixture to a
supersonic velocity.
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