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SYSTEM AND APPARATUS FOR NON-POWERED CLEANING OF

TUBULAR HEAT EXCHANGE SYSTEMS

Field of the Invention
[0001] The present invention generally relates to cleaning systems for tubular heat
exchange systems. In particular, the invention relates to a non-powered system and

apparatus for circulation of balls for cleaning tubular heat exchange systems.

Background of the Invention

[0002] Tubular heat exchange systems are used throughout different industries and
examples of which are condensers of turbines, refrigeration units, heat exchangers
in gas cooling systems and scrubbing systems. They are also used in power plants,
desalination modules and petrochemical industries. These tubular heat exchange
systéms typically use a ﬂuid‘ circulating through several tubes bundled together for
the heat exchange. The operations of such heat exchange systems are well-known

in the art and will not be discussed in detail.

[0003] Invariably, maintenance of these tubes are necessary for efficient heat
exchange. Debris and fouling deposits as a result of precipitation, corrosion,
crystallization and chemical reactions within the tubular heat exchange systems can
clog up the tubes. Traditional methods of cleaning these tubes require fhe shutting
down of the heat exchange system, taking it off-line and physically flushing the
individual tubes. | |

[0004] New cleaning systems have been developed using elastomeric balls in the
fluid circulating in the tubes of the heat exchange system. A number of balls
circulating in the heat exchange system will result in the balls passing through at
least a certain number of the tubes. Aé the balls pass through the tubes, any fouling

deposits or debris in the tubes are often pushed out. This new cleaning method has
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proven to be relatively effective in reducing the frequency of shutting down the heat
exchange system for maintenance. Such systems have become well-known and an

example of which is disclosed in US Patent Number 5,592,990.

[0005] In such tube cleaning systems using circulating balls, a means for separating
the balls from the heat exchange system is essential. The elastomeric balls are
worn-out after a certain period of time and the cleaning efficiency may be decreased
as the balls are too small to effectively remove fouling deposits from the tubes. The
worn-out balls need to be collected and separated from the heat exchange system so
that new balls may be introduced. In US Patent Number 5,592,990, a ball collector
housing is used to collect the balls and separate them from the fluid, omitting a
separate reservoir for introducing balls into the system. However, it is an all-or-
nothing approach as even balls that are not worn-out are also collected and disposed

of.

[0006] In US Patent Number 4,974,662, a ball separator is used to classify the balls
according to different predetermined sizes by using openings bounded by crests of
parallel rails. The separated worn-out balls are then collected in a basket for
removal. While only the worn-out balls are separated from the fluid, use of a drive
pump is required to provide sufficient pressure such that the balls can be forced

through the ball separator.

[0007] At present, there is still a lack of a non-powered cleaning system using balls
for cleaning tubes in heat exchange system with an efficient and effective means for

separating worn-out balls from the fluid.
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Summary of the Invention

[0008] The present invention seeks to provide a non-powered system and apparatus

for circulation of balls for cleaning tubular heat exchange systems.

[0009] Accordingly, in one aspect, the present invention provides, a non-powered
cleaning system for cleaning a plurality of tubes in a heat exchange system having
an inlet end and a discharge end, where a fluid is used as a heat exchange medium,
the fluid flowing from the inlet end into the plurality of tubes to the discharge end,
the cleaning system comprising: a plurality of balls in the ﬂﬁid; a ball inlet coupled
to the discharge end for introducing the fluid and the plurality of balls into the
cleaning system; a ball divertor unit coupled to the ball inlet for directing the
plurality of balls and fluid into the ball inlet; a dual hull cyclone coupled to the ball
inlet for separating a plurality of balls below a predetermined diameter from the
plurality of balls, the dual hull cyclone further for separating debris from the fluid;
and  a ball outlet coupled to the dual hull cyclone for introducing the plurality of
balls after separation and fluid into the inlet end of the heat exchange system;

wherein the dual hull cyclone comprises a primary cyclone and a secondary
cyclone; the secondary cyclone adapted to have a plurality of apertures of a
predetermined shape and size and the secondary cyclone further being disposed
within the primary cyclone.

[0010] In another aspect, the present invention provides, a dual hull cyclone for
separating balls' below a predetermined diameter from a plurality of balls in a
cleaning system for cleaning a plurality of tubes in a heat exchange system, where a
fluid is used as a heat exchange medium, the dual hull cyclone comprising: a
primary cyclone; a secondary cyclone disposed within the primary cyclone and
having aiplurality of apertures of a predetermined shape and a predetermined size; a
primary inlet for directing fluid tangentially into the primary cycione; and a
secondary inlet for directing fluid containing the plurality of balls tangentially into

the secondary cyclone; wherein the secondary cyclone is for separating balls below
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a predetermined diameter from the plurality of balls by allowing the balls below the
predetermined diameter to pass through the plurality of apertures into the primary

cyclone.

[0011] In yet another aspect, the invention provides, a method for separating a

plurality of balls below a predetermined diameter from a plurality of balls in a tube

cleaning system, using a dual hull cyclone having a primary cyclone, a secondary

cyclone disposed within the primary cyclone and having a plurality of apertures of a

predetermined shape and a predetermined size; wherein the secondary cyclone

allows the plurality of balls below the predetermined diameter to pass through the

plurality of apertures into the primary cyclone, the method comprising the steps:

a) introducing fluid into the primary cyclone, and introducing fluid containing
the plurality of balls into the secondary cyclone;

b) forming a primary fluid vortex in the primary cyclone, and forming a
secondary fluid vortex in the secondary cyclone; and

c) separating the plurality of balls below the predetermined diameter from the
secondary cyclone into the primary cyclone;

wherein the primary fluid vortex is of a higher velocity than the secondary fluid

vortex, and pressure differential between the primary fluid vortex and the secondary

fluid vortex enhances the separation of the plurality of 1tA)alls below the

predetermined diameter.

Brief Description of the Drawings

[0012] A preferred embodiment of the present invention will now be more fully

described, with reference to the drawings of which:

[0013] FIG.1 illustrates a non-powered cleaning system for a fluid heat exchange

system in accordance with the present invention;

[0014] FIG.2 illustrates a cut-away view of a dual hull cyclone of FIG.1;
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[0015] FIG.3 illustrates a first and second cylindrical section of FIG.2;

A [0016] FIG.4 illustrates a cross-sectional operational view of FIG.2;

[0017] FIG.S illustrates a ﬂowchart for a method of operation in accordance with

the present invention; and

[0018] FIG.6 illustrates a cut-away view of the top of F1IG.2.

Detailed description of the Invention

[0019] In the present invention, a dual hull cyclone is incorporated into a non—
powered cleaning system using balls for cieaning tubular heat exchange systems.
The dual hull cyclone separates wom—oﬁt balls which are smaller than a
predetermined diameter so that they can be disposed of and replaced. The dual hull
cyclone also serves to separate debris from fluid in the tubular heat exchange

system and also debris that may have accumulated on the balls.

[0020] Referring to FIG.1, the heat exchange system 10 comprises a plurality of
tubes 17 bundled into a heat’ exchange unit 21 having an inlet end 23 and a
discharge end 25. Fluid flows from the inlet end 23 into the tubes 17 of the heat
exchange unit 21 and exchanges heat energy with another fluid medium in spaces
27 between the tubes 17 and the walls of the heat exchange unit 21. The fluid then
flows out from the tubes 17 into thé discharge end 25 of the heat exchanger system
10. A circulating pump (not shown) is generally used to generate pressure
differential required for circulating the fluid in the heat exchange’system 10. This
pressure differential is also used to drive the cleaning system of the present

invention.
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[0021] The cleaning system 50 in accordance with the present invention comprises
a plurality of balls 53 circulating in the fluid of the heat excﬁange system 10, a ball
inlet 55, a ball outlet 57, and a dual hull cyclone 100. The balls 53 in the fluid are
generally of a predetermined diameter suitable for cleaning the tubes 17 in the heat
exchange unit 21. While the balls 53 may be made of a variety of elastomeric
materials, almost any resilient material may be utilized. Furthermore, each of the
balls 53 used in the present invention utilizes a asymmetrical weighted core for

manipulating and modifying the specific gravity of each of the balls 53.

[0022] A ball divertor unit 63 installed at the discharge end 25 would collect the
balls 53 after they have passed through the tubes 17. The balls 53 together with the

. fluid would then enter into the dual hull cyclone 100 through the ball inlet 55

coupled to the ball divertor unit 63. The ball divertor unit 63 may simply be a mesh
or a basket directing the balls into the ball inlet 55 while still allowing flow of fluid.

[0023] The dual hull cyclone 100 advantageously serves to separate balls 53 below
a predetermined diameter‘ from balls 53 larger than the predetermined diameter.
The dual hull cyclone 100 also serves to dislodge debris accumulated on the balls
53 into the fluid and also simultaneously separate the debris from the fluid.

[0024] The balls 53 larger than the predetermined diameter are sent through the ball

‘outlet 57 into the inlet end 23 of the heat exchange system 10. These balls 53 now

free from accumulated debris are then recirculated and passed through the tubes 17
again to clean the tubes 17.

[0025] The balls 53 smaller than the predetei'mined diameter may be held within
the dual hull cyclone 100 and later discharged from the cleaning system 50 for
disposal.

[0026] The dual huil cyclone 100 in addition to the separation of worn-out balls 53

from balls 53 larger than the predetermined diameter also advantageously serves to
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dislodge debris from the balls 53 and separate debris from the fluid. The dual hull
cyclone 100 further causes fluid entering the dual hull cyclone 100 to increase in
velocity and exit the dual hull cyclone 100 at a much higher velocity. This creates
low pressure in the region of the fluid leaving the dual hull cyclone 100 and a

pressure differential across the dual hull cyclone 100.

[0027] The ball inlet 55 is generally sited such that the ball inlet 55 is of a higher
elevation than the dual hull cyclone 100. This results in additional potential
pressure head between the ball inlet 55 and the dual hull cyclone 100. This
pressure head together with the low pressure in the region of the fluid leaving the
dual hull cyclone 100 results in a large pressure differential. This pressure
differential is then the force that drives and pushes the balls 53 within the dual hull
cyclone 100 and out via the ball outlet 57. Under certain insufficient pressure
differential circumstances, an auxiliary pump (not shown) is provided at strategic
position within the heat exchange system 10 to enhance balls 53 retrieval and

injection processes into the heat exchange system 10.

[0028] The ball outlet 57 is coupled to the inlet end 23 of the heat exchange system
10. Installing a venturi 65 at the inlet end 23 where the ball outlet 57 is coupled can
further create additional pressure differential. The venturi 65 causes a constriction
in the flow of fluid at the venturi 65. The venturi 65 increases the fluid velocity
and results in a regibn of low pressure. This produces a “suction” effect that further
facilitates the fluid and balls 53 to exit the ball outlet 57 and enter into the inlet end
23 of the heat exchange system 10. This decrease in pressure in the venturi 65
further contributes to the overall pressure differential between the ball inlet 55 and
the ball outlet 57.

[0029] The cleaning system 50 may further be enhanced by the installation of ball
counter 67 and ball speed tracker 69. The ball counter 67 ensures that the optimum
number of balls 53 are kept in circulation within the cleaning system 50 for

optimum cleaning performance. As balls 53 are worn-out and removed by the dual
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hull cyclone 100 when they are below the predetermined diameter, the ball counter
67 would ensure that if too many balls 53 are removed, an alarm would be sounded
and operational staff notified or if the system is fully automated, new balls 53 are

automatically added into the cleaning system 50.

[0030] The ball speed tracker 69 tracks the speed of the balls 53 within the cleaning
system. The speed may be used as an indication of the rates of circulation and

performance within the cleaning system 50.

[0031] The ball counter 67 and ball speed tracker 69 may be magnetic devices. As
such the balls 53 being tracked would need to comprise some metallic component.
The balls 53 used in the present invention may each be described to comprise a
asymmetrical weighted core. This weighted core may be made of metal suitable for
the ball counter 67 and ball speed tracker 69 to track and monitor the balls 53.

[0032] The asymmetrical weighted core in the balls 53 further allows the relative
density of the balls 53 to be advantageously manipulated. Having balls 53 with
asymmetrical weighted cores of different masses and sizes allow the balls 53 to
have different relative densities and therefore exhibit random dynamic cleaning
efficiency. It is advantageous for balls 53 to have different relative densities when
the heat exchange unit 21 and fhe tubes 17 are in a horizontal orientation. The balls
53 having different relative densities would then tend to enter different tubes 17 at
different heights as their different relative densities would tend to keep them at‘

different dei)ths in the fluid. This increases the probability of more tubes 17 being

‘cleansed by the balls 53 having different relative densities. The asymmetrical

weighted core balls 53 of smaller diameter than the internal diémeter of tubes 17
exhibit random dynamic collision within the tubes 17, hence giving rise to better

efficiency in cleaning and prolonging the useful life span of the balls 53.

[0033] Inspection means 70a, 70b may further be installed to monitor the open ends
of the tubes 17 of the heat exchange unit 21. The inspection means 70a, 70b are
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primarily for monitoring the open ends of the tubes 17 to check if they are visibly
choked. They may further be used to ensure that the balls 53 used are effectively

cleaning a substantial number of the tubes 17 within the heat exchange unit 21.

[0034] Referring to FIG.2, the dual hull cyclone 100 comprises a primary cyclone
110 and a secondary cyclone 120, where the secondary cyclone 120 is disposed
inside the primary cyclone 110. A primary inlet 111 directs fluid into the primary
cyclone 110 and a secondary inlet 121 directs fluid into the secondary cyclone 120.
Both the primary inlet 111 and the secondary inlet 121 are also coupled to the ball
inlet 55. The secondary inlet 121 is also adapted to allow the balls 53 to enter into
the secondary cyélone 120. The primary inlet 111 and the secondary inlet 121 are
both adapted to direct fluid tangentially into the primary cyclone 110 and the
secondary cyclone 120 respectively.

[0035] The primary cyclone 110 further has a primary outlet 11 12 coupled to the ball
outlet 57 for the passage of fluid leaving the primary cyclone 110. The primary
outlet 112 further serves to allow balls 53 below the predetermined diameter to exit
the primary cyclone 110. The secondary cyclone 120 similarly has a secondary
outlet 122 for the passage of fluid leaving the secondary cyclone 120. The

secondary outlet 122 serves also to remove balls larger than the predetermined

_ diameter from the secondary cyclone 120 and direct them back into circulation in

the cleaning system 50 via the ball outlet 57.

[0036] The primary cyclone 110 may be utilized to act as a storage means for
storing balls 53 below the predetermined diameter where the balls 53 which have

been retired would then be discharged from the cleaning system 50.

[0037] The secondary cyclone 120 further comprises a first cylindrical section 120a
communicably coupled to a conical section 120b. Both the first cylindrical section
120a and the conical section 120b are further adapted with a plurality of apertures
123a, 123b. The plurality of apertures 123a, 123b are of a predetermined shape and
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size, allowing balls 53 below the predetermined diameter to pass through into the
primary cyclone 110. In effect the secondary cyclone 120 induces the balls 53
smaller than the predetermined diameter towards and into the primary cyclone 110.
Simultaneously, the balls 53 larger than the predetermined diameter are retained
w1thm the secondary cyclone 120 and are allowed to exit by the secondary outlet
122 back into the cleaning system 50 via ball outlet 57.

[0038] The apertures 123a of the first cylindrical section 120a are in the shape of
slots arranged all round the first cylindrical section 120a. The slots are arranged at
an angle of about 30° to 60° from the horizontal of the dual hull cyclone 100; the
horizontal being denoted by arrow 5 in FIG.2. The width of the slots determines
the diameter of the balls 53 that can pass through, and the angle of the slots assists
in the balls 53 being subjected to random contact with the slots and enabling the
balls 53 to pass through if the diameter of the balls 53 are below the predetermined

diameter.

[0039] The apertures 123b of the conical section 120b of the secondary cyclone
120 are substantially circular holes. The circular holes are arranged in a
predetermined manner all round the conical section 120b. Similarly, the size of the

circular holes also determines the diameter of the balls 53 that can pass through.

[0040] Referring to FIG.3, the first cylindrical section 120a is further adapted to -
allow a variation of the width of the apertures 123a. This allows for a change in the
predetermined diameter of the balls 53 that can pass through the slots. The first
cylindrical section 120a further cémprises a second cylindrical section 120c which
fits inside the cylindrical section 120a. The second cylindrical section 120c being
substantially configured with similar apertures 123c as the first cylindrical section
120a. The second cylindrical section 120c further being adapted to be adjustable.
Adjusting the second cylindrical section 120c causes variation of the width of the
aperture 123a of the first cylindrical section 120a. This happens as part of the walls
of the second cylindrical section 120c which have no apertures 123¢ are adapted to
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overlap into the apertures 123a of the first cylindrical section 120a, thus decreasing
the width of the apertures 123a.

[0041] Alternatively, the second cylindrical section 120c may be fixed while the
first cylindrical section 120a is adapted to be adjustable. In yet another alternative,
both the first cylindrical section 120a and the second cylindrical section 102b may
be adapted to be adjustable. The intent is mainly in having the option to vary the
width of the apertures 123a of the first cylindrical section 120a

[0042] Referring to FIG.4 and FIG.5 the method for operation of the dual hull
cyclone 100 starts with the step of introducing 210 fluid containing balls 53 into the
dual hull cyclone 100 via the secondary inlet 121 into the secondary cyclone 120,
and introducing fluid only into the dual hull cyclone 100 via the primary inlet 111
into the primary cyclone 110.

[0043] Following which, a primary fluid vortex 131 and a secondary fluid vortex
133 are simultaneously formed 215 in the primary cyclone 110 and the secondary

cyclone 120 respectively.

[0044] The fluid in the primary fluid vortex 131 and secondary fluid vortex 133 are
both experiencing centrifugal forces which would cause separation of bodies or
objects having different relative densities. This separation capability in cyclones is

well-known in the art and will not be further discussed in detail.

[0045] Fluid containing balls 53 in the secondary fluid vortex 133 would undergo
separation of the balls 53 from the fluid. As centrifugal forces act on the fluid and
balls 53, the balls 53 which are denser than the fluid would migrate to the walls of
the secondary cyclone 120 and come into contact with the walls. The contact
between the secondary cyclone 120 and the balls 53 causes debris accumulated on
the balls 53 to break free into the fluid. The spinning action of the secondary fluid
vortex 133 may further add to the dislodging of debris from the balls 53. The balls
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53 while spinning inside the secondary cyclone 120 may further come into contact
and collide with each other and add to the dislodging of debris from the balls 53.
Debris dislodged from the balls 53 may then migrate through the apertures 123a,
123b into the primary cyclone 110 and be discharged through the primary outlet
112 for disposal.

[0046] As the balls 53 migrate to the walls of the secondary cyclone 120, the step
of separation 220 of balls 53 below the predetermined diameter from the secondary
cyclone 120 occurs. The balls 53 below the predetermined diameter would pass
through the plurality of apertures 123a, 123b of the secondary cyclone 120 into the
primary cyclone 110 to be retired from the cleaning system 50. The balls 53 below
the predetermined diameter then exit the primary cyclone 110 via the primary outlet
112. The retired balls 53 would then settle into a collecting means for disposal

while the fluid may be reintroduced into the cleaning system 50.

[0047] The balls 53 larger than the predetermined diameter would be retained
inside the secondary cyclone 120 and would exit the secondary cyclone 120 via the
secondary outlet 122 to be reintroduced 225 back into the cleaning system 50 via
ball outlet 57.

[0048] Referring to FIG.6, the primary inlet 111 and the secondary inlet 121 may
further be adapted to improve the performance of the dual hull cyclone 120 in
accordance with the present invention. The primary inlet 111 may be adapted to be

~ inclined by a small angle of less than 15° from the horizontal as denoted by the
" arrow 5 in FIG.2 into the primary cyclone 110. The primary inlet 111 may further

be adapted to include a choke for varying the size of the primary inlet 111 thereby
varying the velocity of the fluid entering into the primary cyclone 110.

[0049] The primary inlet 111 may also be further adapted to comprise two primary
inlets 111a, 111b situated at opposing sides within the primary cyclone 110. The
primary inlets 111a, 111b may also be adapted for varying the velocity of the fluid
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entering the primary cyclone 110. In accordance with the present invention, fluid
velocity in the primary cyclone 110 is higher than the fluid velocity in the
secondary cyclone 120. This causes a differential pressure between the primary
cyclone 110 and the secondary cyclone 120. Higher fluid pressure within the
secondary cyclone 120 then aids in the separation capability of the dual hull cyclone
100 as forces caused by the pressure differential is directed from the secondary

cyclone 120 to the primary cyclone 110.

[0050] The primary inlets 111a, 111b and the secondary inlet 121 are adapted to
substantially follow the curve structure of the cyclones, thus directing the fluid
circumferentially into the dual hull cyclone 100.

[0051] It will be appreciated that various modifications and improvements can be
made by a person skilled in the art without departing from the scope of the present

invention.
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Claims

1. A non-powered cleaning system (50) for cleaning a plurality of tubes (17)
in a heat exchange system (10) having an inlet end (23) and a discharge end (25),
where a fluid is used as a heat exchange medium, the fluid flowing from the inlet
end (23) into the plurality of tubes (17) to the discharge end, the cleaning system
(50) comprising;:

a plurality of balls (53) in the fluid;

a ball inlet (55) coupled to the discharge end (25) for introducing the fluid
and the plurality of balls (53) into the cleaning system (50);

a ball divertor unit (63) coupled to the ball inlet (55) for directing the
plurality of balls (53) and fluid into the ball inlet (55); |

a dual hull cyclone (100) coupled to the ball inlet (55) for separating a
plurality of balls (53) below a predetermined diameter from the plurality of balls
(53), the dual hull cyclone (100) further for separating debris from the ﬂuid; and

a ball outlet (57) coupled to the dual hull cyclone (100) for introducing the
plurality of balls (53) after separation and fluid into the inlet end (23) of the heat
exchange system (10); ‘

wherein the dual hull cyclone (100) comprises a primary cyclone (110) and
a secondary cyclone (120); the secondary cyclone (11 20) adapted to have a plurality
of apertures (123) of a predetermined shape and size and the secondary cyclone
(120) further being disposed within the primary cyclone (110).

2. The system (50) in accordance with claim 1, further comprising a venturi
(65) installed at the inlet end (23) for increasing pressure differential between the
outlet end (57) and the discharge end (25).

3. The system (50) in accordance with claim 1, wherein each of the plurality of

balls (53) is adapted to comprise a asymmetrical weighted core.

4. The system (50) in accordance with claim 3, wherein the asymmetn'éal

weighted core is made of metal.

AMENDED SHEET (ARTICLE 19
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5. The system (50) in accordance with claim 3, wherein the plurality of balls
(53) have asymmetrical weighted cores of a variety of masses and sizes resulting in

a variety of relative densities.

6. The system (50) in accordance with claim 1, further comprising a ball

counter (67) for tracking the number of the plurality of balls within the system.

7. The system (50) in accordance with claim 1, further comprising a ball speed

tracker (69) for monitoring the speed of the plurality of balls (53) within the system.

8. The system (50) in accordance with claim 6, wherein the ball counter (67) is
a magnetic device for operating with balls having a asymmetrical weighted metallic

core.

9. The system (50) in accordance with claim 6, wherein the ball speed tracker
(69) is a magnetic device for operating with balls having a asymmetrical weighted

metallic core.

10.  The system (50) in accordance with claim 1, further comprising inspection
means (70) at open ends of the plurality of tubes (17) for inspecting condition of the
plurality of tubes (17).

11.  The system (50) in accordance with claim 2, further comprising an auxiliary
pump provided at strategic position within the heat exchange system (10) to

enhance balls retrieval and injection processes into the heat exchange system (10).

12. A dual hull cyclone (100) for separating balls (53) below a predetermined
diameter from a plurality of balls (53) in a cleaning system (50) for cleaning a
plurality of tubes (17) in a heat exchange system (10), where a fluid is used as a
heat exchange medium, the dual hull cyclone (100) comprising:

a primary cyclone (110);

AMENDED SHEET (ARTICLE 19)
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a secondary cyclone (120) disposed within the primary cyclone (110) and
having a plurality of apertures (123) of a predetermined shape and a predetermined
size;

a primary inlet (111) for directing fluid tangentially into the primary cyclone
(110); and

a secondary inlet (121) for directing fluid containing the plurality of balls |

(23) tangentially into the secondary cyclone (120);

wherein the secondary cyclone (120) is for separating balls (53) below a
predetermined diameter from the plurality of balls (53) by allowing the balls (53)
below the predetermined diameter to pass through the plurality of apertures (123)
into the primary cyclone (110).

13.  The dual hull cyclone (100) in accordance with claim 12, wherein the
secondary cyclone (120) further comprises a first cylindrical section (120a) and a

conical section (120b).

14.  The dual hull cyclone (100) in accordance with claim 13, wherein . the
plurality of apertures (123) of the first cylindrical section (120a) further comprises a
plurality of slots.

15.  The dual hull cyclone (100) in accordance with claim 14, wherein the

plurality of slots are arranged at an angle of about 30° to 60° from the horizbntal.

16.  The dual hull cyclone (100) in accordance with claim 12, wherein the
plurality of apertures (123) of the conical section (120b) comprises a plurality of

substantjally circular holes.

17.  The dual hull cyclone (100) in accordance with claim 12, wherein the
secondary cyclone (120) further comprises a second cylindrical section (120c)
substantially similar to the first cylindrical section (120a) disposed inside the first

cylindrical section (120a) wherein displacing the second cylindrical section (120c)

AMENDED SHEET (ARTIGLE 19


nloe2203

nloe2203
16


10

15

20

25

30

WO 2006/009515 PCT/SG2005/000195

17

allows the variation of the size of the plurality of apertures (123) of the first

cylindrical section (120a).

18.  The dual hull cyclone (100) in accordance with claim 12, wherein the
secondary cyclone (120) further comprises a second cylindrical section (120c)
substantially similar to the first cylindrical section (120a) disposed inside the first
cylindrical section (120a) wherein displacing the first cylindrical section (120a)
allows the variation of the size of the plurality of apertures (123b) of the first

cylindrical section (120a).

19.  The dual hull cyclone (100) in accordance with claim 12, wherein the
primary inlet (111) further comprises two primary inlets sited at opposing sides of
the primary cyclone (110).

20.  The dual hull cyclone (100) in accordance with claim 12, wherein the
primary inlet (1 11) is adapted for varying the velocity of fluid entering the primary
cyclone (110).

21.  The dual hull cyclone (100) in accordance with claim 12, wherein the
primary inlet (111) and the secondary inlet (121) are adapted to direct fluid
circumferentially into the primary and secondary cyclone (110, 120) respectively.

22. A method for separating a plurality of balls (53) bélow a predetermined
diameter from a plurality of balls (53) in a tube cleaning system (50), using a dual
hull cyclone (100) having a primary cyclone (1 10), a secondary cyclone (120)
disposed within the primary cyclone (110) and having a plurality of apertures (123)
of a predetermined shape and a predetermined size; wherein the secohdary cyclone
(120) allows the plurality of balls (53) below the predetermined diameter to pass
through the plurality of apertures (123) into the primary cyclone (110), the method

comprising the steps:

AMENDED SHEET (ARTICLE 19)
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a) introducing fluid into the primary cyclone (110), and introducing
fluid containing the plurality of balls (53) into the secondary cyclone (120);
b) forming a primary fluid vortex in the primary cyclone (110), and
forming a secondary fluid vortex in the secondary cyclone (120); and
5 c) separating the plurality of balls (53) below the predetermined
diameter from the secondary cyclone (120) into the primary cyclone (1 10);
wherein the primary fluid vortex is of a higher velocity than the secondary
fluid vortex, and pressure differential between the primary fluid vortex and the
secondary fluid vortex enhances the separation of the plurality of balls (53) below

10 the predetermined diameter.

23.  The method in accordance with claim 22, further comprising the step:

d) reintroducing the plurality of balls (53) after separation into the
tube cleaning system (50). . '
15
24,  The method in accordance with claim 22, wherein step c) further comprises
the steps:
cl) dislodging debris from the plurality of balls (53); and
¢2)  separating debris from the plurality of balls (53) into the primary
20 cyclone (110).
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