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(54) Title: FLUID SPRAYING APPARATUS

(57) Abstract

A fluid spraying apparatus (10) comprising a generally cylin-
drical body defining a longitudinal axis, which body comprises: a
first fixed part (12) comprising inlet means (16) adapted for connec-
tion to a pumped supply of fluid, and turbine means (40, 42, 44)
arranged to be driven by said fluid; and a second rotatable part (14)
comprising gear means (46-60), and one or more nozzles (82) in
fluid communication with the turbine means for outletting the fluid
as one or more jets, which nozzles extend radially of the longitudinal
axis, which rotatable part is drivable by the turbine means through
said gear means such that said nozzles are caused to rotate about said
longitudinal axis; characterised in that none of the nozzles extends
radially of the longitudinal axis further than the body. The apparatus
is adapted to operate at a working pressure of 4-8 bar to provide a
flow—rate of 400-700 m3/hr, and is thus suitable for use with low
pressure pumps of the kind often found at oil refineries.
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FLUID SPRAYING APPARATUS

The present invention relates to a fluid spraying
apparatus, and has particular reference to fluid spraying
apparatus of the kind suitable for use in dislodging or
resuspending sludge accumulated on the bottom of a crude

oil storage tank.

Fluid spraying apparatus of this kind is disclosed by EP-
A-0048091. The apparatus of EP-A-0048091 comprises a
generally cylindrical body and two diametrically opposing
nozzles that are arranged for rotation about the
longitudinal axis of the body. The body comprises a
fixed part and a rotatable part. The fixed part
comprises an annular inlet portion defining an inlet
passageway that accommodates a turbine, a mounting disk
for mounting the turbine and an open-sided intermediate
connecting portion between the inlet portion and the
mounting disk. Said rotatable part includes generally
cylindrical gear box portion that accommodates a gear
train, that is connected between the rotatable part and
the turbine, and a nozzle body portion that surrounds the
open-sided intermediate connecting portion of the fixed

part. Said nozzles are mounted on the nozzle body
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portion, each nozzle having the form of a truncated cone,
the 1longitudinal axis of each cone being oriented
substantially orthogonally to the longitudinal axis of

the body.

In use, the apparatus is placed within a crude oil
storage tank, and the inlet portion is connected to a
pipe carrying a pumped supply of fluid, typically
recirculating crude oil from the tank. The passage of
the fluid over the turbine causes rotation of the
rotatable part with respect to the fixed part, and thus
rotation of the nozzles about the longitudinal axis of
the body around the open-sided intermediate connecting
portion of the fixed part. The fluid thus issues from
the apparatus via the nozzles, and the length and taper
of each nozzle are carefully selected so that the jet of
liquid emerging has a comparatively small angle of

spread.

A disadvantage of the fluid spraying apparatus of EP-A-
0048091 is that owing to the back pressure generated

within the nozzles, a high pressure pump is required.

A further disadvantage is that as the nozzles project to

a substantial extent beyond the body of the apparatus,
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a large opening is required in a wall of the tank in

order to insert the apparatus into the tank.

There is a requirement for a more compact fluid spraying
apparatus which can be inserted through smaller openings
in a crude oil storage tank as compared with those that
are required for entry of the apparatus disclosed by EP-
A-0048091. There is also a requirement for a fluid
spraying apparatus which can be used with a low pressure
pump of the kind that are readily available on site at

0oil refineries.

According to the present invention therefore there is
provided a fluid spraying apparatus of the kind described
comprising one or more of nozzles, characterised in that
none of the nozzles extends radially of the longitudinal

axis further than the body.

The fluid spraying apparatus of the present invention is
thus extremely compact, and can be inserted through any
aperture having a diameter greater than the maximum
diameter of the body of the apparatus across the
longitudinal axis thereof. Said apparatus may have a
maximum diameter of no more than 46 cm (18 inches), and

in one embodiment, the maximum diameter of the machine
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is 31 cm (12 inches).

Preferably the or each nozzle is generally frustoconical,
and the longitudinal axis of each nozzle extends
substantially orthogonally to the longitudinal axis of
the body. The outer extrémity of each nozzle preferably
coincides with the outer extent of the rest of the
machine. In some embodiments, the taper of each nozzle
is in the range 10 to 40°, so as to minimise the back
pressure arising as a result of the constriction
presented by the or each nozzle. Preferably, the taper
of each nozzle is in the range 15 to 35°. The diameter
of the opening in each nozzle will vary according to the
specific application of the machine, but will generally
be in the range 4-9 cm (1.5-3.5 inches). In some
embodiments nozzle diameters of 5 cm (2 inches), 6.5 cm

(2.5 inches) or 7.5 cm (3 inches) may be provided.

The body may comprise a first fixed part that is adapted
to be connected to a pipe carrying a pumped supply of
fluid and second rotatable part that is arranged for
rotation about said longitudinal axis. Said nozzle(s)

may be mounted on the rotatable part.

Said fixed part may comprise an annular inlet portion
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defining a passageway that accommodates a turbine
arranged to be driven by fluid entering therein; a disk
portion for mounting said turbine; and an open-sided
connecting portion between the mounting disk portion and

the inlet portion.

Said rotatable part may comprise a generally cylindrical
gear box portion that accommodates a gear train connected
between the turbine and the rotatable part; and a
generally cylindrical nozzle body portion that surrounds
the fixed part. Said nozzle(s) may be mounted on the

nozzle body portion.

Preferably, two nozzles are provided, and these are
ideally positioned diametrically opposite one another on
the nozzle body portion around the open-sided
intermediate portion of the fixed part. Thus, fluid
entering the fixed part via the inlet portion debouches
the apparatus through the open-sided connection portion

of the fixed part and through the nozzle(s).

In some embodiments, the open-sided intermediate
connecting portion of the fixed part may comprise a semi-
cylindrical baffle wall that is connected between the

annular inlet portion and the disk portion. It will be
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appreciated by those skilled in the art that as the
nozzles rotate about the fixed part, the semi-cylindrical
baffle wall thus serves to obturate each nozzle in
succession. This arrangement is suitable where the
fluid spraying apparatus is to be positioned within a
tank adjacent a wall of the tank, so that fluid is
prevented from being sprayed directly at the said wall

in order to avoid damaging the wall.

Alternatively, the intermediate connecting portion may
comprise a plurality of circdmferentially spaced fingers
which are dimensioned so as not to prevent any
significant obstacle to the passage of fluid through the
nozzle. In this case, the apparatus is suitable for use
at or towards the centre of a crude oil storage tank, for
example, away from the way, so that the jets of sprayed
fluid emerging from the apparatus can be directed in all
directions radially outwards of the longitudinal axis of

the body.
The apparatus of the present invention is suitable for
connection to a supply of fluid at a pressure of 4-8bar,

and is adapted to provide a flow rate of 400-700m’/hr.

Following is a description by way of example only with

PCT/GB00/00458
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reference to the accompanying drawings of embodiments of

the present invention.

In the drawings:-

Figure 1 is a cross sectional side view of a fluid
spraying apparatus in accordance with a first embodiment

of the present invention.

Figure 2 is a plan view of the first embodiment.

Figure 3 is a cross sectional side view through a nozzle

of the first embodiment.

Figure 4 is a cross sectional side view of a fluid
spraying apparatus in accordance with a second embodiment

of the present invention.

With reference to figure 1, a fluid spraying apparatus
(10) in accordance with the present invention comprises
a first fixed part (12) and a second rotatable part (14).
Said first fixed part (12) comprises annular inlet
portion (16) that is provided with a first flange (18)
at one end, which first flange (18) is drilled at

circumferentially spaced locations for attachment of the
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inlet portion (16) to a end of a pipe carrying a pumped

supply of fluid.

Towards its other end, the inlet portion (16) is equipped
with a second flange (20). Said inlet portion (16) is
rebated juxtaposed the second flange (20) at (22) to
accommodate a low friction ring (24) which forms a

rotatory bearing.

Said inlet portion (16) is formed integrally with a
coaxial, semi-cylindrical portion (26), which semi-
cylindrical portion (26) is connected at its lower end
to a central body portion (28). Said central body
portion (28) is circular in cross section and has a bell-
shaped upper portion (30) that extends juxtaposed the
semi-cylindrical portion (26) towards the inlet portion
(16) . Said bell-shaped portion (28) is disposed
substantially coaxially with the inlet portion (16), and
the upper extremity of the bell-shaped portion (28) has
a flat, circular surface (32) that is drilled centrally
to provide an open bore (34) that extends axially through
the central body portion (28). Said central body portion
(28) has a flat, circular lower surface (36) that is
scalloped at four circumferentially spaced locations to

provide cut-outs (38).
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Said open bore (34) accommodates a shaft (40) which
carries at one end, within the central passageway (17)
through the inlet portion (16), a propeller (42)
comprising four turbine blades (44). The other end of
the shaft (40) protrudes from the lower surface (36) of
the central body portion (28) is formed with an external
worm (46) which engages a worm wheel (48). Said worm
wheel (48) is mounted on a bracket (50) that is fixedly
secured to the lower surface of the central body portion

(28).

Said worm wheel (48) is mounted on a shaft (52) that is
provided with a second worm (not shown). Said second
worm engages a second worm wheel (also not shown) which
is mounted on a further shaft (also not shown). Said
further shaft is provided with a third worm (also not
shown) which engages a worm wheel (54). Said worm wheel
(54) is mounted on a shaft (56). A spur wheel (58) is
keyed to the shaft (56), which spur wheel (58) engages
a ring gear (60) which is mounted on an inner surface of
a cylindrical gear casing (62) of the rotatable part

(14).

Said gear casing (62) surrounds the above described gear

train and is closed at its lower end (64) by a circular

PCT/GB00/00458
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bottom plate (66). The inner surface of the bottom plate
(66) is provided with a central lug (68) that is drilled
to provide a blind bore (70), which blind bore (70),
accommodates an end of a stub shaft (72), the other end
of which is journalled on the bracket (50) so as to
locate the lower end of the bracket (50) within the gear

casing (62).

The upper end of the gear casing (62) is bolted to an
annular flange (74) formed on a generally cylindrical
nozzle body (76). Said nozzle body (76) forms a snug fit
around the semi-cylindrical portion (26) and is provided
at its upper end with a second flange (78) that engages

the low friction ring (24).

Said nozzle body (76) is provided with two diametrically
opposed circular apertures (80), and the nozzle body (76)
is rebated around the circumference of each aperture
(80). A nozzle (82) is fixedly secured to the nozzle
body (76) at each aperture (80). Each nozzle (82) is
generally frustoconical in shape and, at the wider end,
is equipped with a rebated portion (84) that is
accommodated within the rebate formed around the aperture
(80). Each nozzle is hollow and is formed with a

circular opening (86) at its narrower end (88).
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As can be seen from figure 1, each nozzle is positioned
such that its longitudinal axis (90) is oriented
substantially orthogonally to the longitudinal axis

defined by the shaft (40).

As can be seen from figure 2, the length of each nozzle
(82) radially of the shaft (40) is such that the outer
extremity of the nozzle coincides with and does not
protrude radially of the outer extent of the rest of the
apparatus. In the embodiment shown, the widest part of
the apparatus is the flange (74) on the nozzle body (76)
that is secured to the cylindrical gear casing (62). As
can be seen from figure 2, the nozzles (82) are disposed
wholly within the outline of the flange (74). This
represents an advantageous arrangement as it allows a
compact fluid spraying apparatus which can be inserted
in narrow manways which are only slightly larger than the
outer diameter of the flange (74). Whilst the actual size
of the apparatus in accordance with the present invention
may vary depending upon the intended application of the
apparatus, in the present embodiment, said flange (74)

has an outer diameter of 305mm (12").

Said nozzles (82) are designed to provide minimum back
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pressure to fluid passing therethrough. With reference
to figure 3, the angle « subtended by the internal
surface (83) of each nozzle (82) to the longitudinal axis
(90) of the nozzle is an important factor in ensuring
that the fluid issues from the nozzles as a convergent
jet, whilst at the same time providing minimum back
pressure and thus allowing the use of a low pressure
pump. In the first embodiment, angle « is 25°, although
more generally an angle in the range 15 to 35° may be
adopted, with particularly preferred angles being 16.5°
and 33°. Again, the actual size of the nozzles may vary
according to the proposed use of the apparatus but in the
embodiment shown, the diameter of the opening (86) in

each nozzle (82) is 6.5 mm (2.5 inches).

In use, the fluid spraying apparatus (10) is inserted
through a manway into a crude oil storage tank and is
positioned juxtaposed a wall of the tank at a pressure
of 4-8 bar. Conveniently a low pressure pump of the kind
often found at oil refineries may be used for pumping the
oil. The inlet portion (60) is connected to an end of
pipe carrying a pumped supply of recirculating crude oil
from the tank. As the o0il flows through the inlet
passage (17), it interacts with the propeller (42)

causing the shaft (40) to rotate. 1In turn, the shaft

PCT/GB00/00458
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(40) acts through the gear train described above causing
the rotatable part (14) of the assembly, comprising said
gear casing (62) and nozzle body (76), to rotate.
Typically, the step-down ratio of the gear train is such
as to provide one complete rotation of rotatable part

(14) of the apparatus every two to four hours.

From the inlet passageway (17), the oil passes into the
space around the bell-shaped portion of the central body
portion (30) and exits the apparatus through the
apertures (80) and nozzles (82) at a flow rate of 400-
700m’/hr, depending on the actual nozzle size and
configuration, and the pressure of the oil supplied to
the apparatus. It will be appreciated that as each
nozzle rotates passed the semi-cylindrical portion (26),
the nozzle is obturated, thus preventing fluid from
entering that nozzle. This means that in the apparatus
of the first embodiment, o0il is only able to issue from
one nozzle at a time. Preferably the arc length of the
semi-cylindrical portion (26) is greater than 180°. The
apparatus (10) is thus positioned in the tank, so that
the semi-cylindrical wall (26) is positioned adjacent the
wall of the tank, so that the jet of oil emerging from
the apparatus (10) is directed away from the wall, so as

to avoid damaging the wall.
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Figure 4 shows a second embodiment of the invention which
is suitable for use at or towards the centre of the crude
oil storage tank. In the second embodiment, the majority
of components are the same or substantially similar to
the components of the first embodiment, and for these the

same reference numerals are used.

The apparatus (100) of the second embodiment differs from
the first embodiment however in that the semi-cylindrical
portion (26) of the first embodiment is replaced by a
plurality of circumferentially spaced fingers (126) that
extend between the central body portion (28) and the
inlet portion (16). In the second embodiment illustrated
in figure 4, four such fingers (126) are provided, with
three being visible in the drawings. In the second
embodiment, the fingers (126) provide the required
connection between the inlet portion (16) and the central
body portion (28) of the fixed part (12) of the
apparatus, but are dimensioned so as not to provide any
significant obstruction to the passage of oil. O0il is
therefore able to issue through both nozzles (82) at the
same time, and thus the jets are directed across the
whole 360° of rotation of the rotatable part (14) of the

apparatus.

PCT/GB00/00458
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Whilst the invention has been described by reference to
apparatus incorporating two nozzles (82), those skilled
in the art will appreciate that the apparatus
hereinbefore described can readily be adapted to

incorporate three or more nozzles as required.
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Claims
1. A fluid spraying apparatus (10) comprising a

generally cylindrical body defining a longitudinal axis,
which body comprises:

a first fixed part (12) comprising inlet means (16)
adapted for connection to a pumped supply of fluid, and
turbine means (40,42,44) arranged to be driven by said
fluid; and

a second rotatable part (14) comprising gear means
(46-60), and one or more nozzles (82) in fluid
communication with the turbine means for outletting the
fluid as one or more jets, which nozzles extend radially
of the longitudinal axis, which rotatable part is
drivable by the turbine means through said gear means
such that said nozzles are caused to rotate about said
longitudinal axis;

characterised in that none of the nozzles extends

radially of the longitudinal axis further than the body.

2 A fluid spraying apparatus as claimed in claim 1,
wherein the or each nozzle has an outer extremity that
coincides with the outer extent of the rest of the

apparatus.

3 A fluid spraying apparatus as claimed in claim 1 or

claim 2, wherein the or each nozzle is generally

PCT/GB00/00458
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frustoconical, and the longitudinal axis (90) of each
nozzle extends substantially orthogonally to the

longitudinal axis of the body.

4 A fluid spraying apparatus as claimed in claim 3,
wherein the taper of each nozzle is in the range 10 to
40°, so as to minimise the back pressure arising as a
result of the constriction presented by the or each

nozzle.

5 A fluid spraying apparatus as claimed in claim 2 or
3, wherein the taper of each nozzle is in the range 15

to 35°.

6 A fluid spraying apparatus as claimed in claim 3,
claim 4 or claim 5, wherein each nozzle has an opening

having a diameter in the range 4-9 cm.

7 A fluid spraying apparatus as claimed in any
preceding claim, wherein said fixed part comprises an
annular inlet portion (16) defining a passageway that
accommodates a turbine (42,44) arranged to be driven by
fluid entering therein; a coaxial disk portion (28) for
mounting said turbine; and an open-sided, longitudinal
connecting portion (26) between the mounting disk portion

and the inlet portion.
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8 A fluid spraying apparatus as claimed in any
preceding claim, wherein said rotatable part (14)
comprises a generally cylindrical gear box portion (62)
that accommodates a gear train connected between the
turbine and the rotatable part; and a generally
cylindrical nozzle body portion (76) that surrounds the

fixed part.

9 A fluid spraying apparatus as claimed in claim 6,
wherein said nozzle(s) (82) are mounted on the nozzle

body portion.

10 A fluid spraying apparatus as claimed in claim 6 or
7, wherein two nozzles are provided which are positioned
diametrically opposite one another on the nozzle body
portion around the open-sided intermediate portion of the

fixed part.

11 A fluid spraying apparatus as claimed in claim 5,
wherein the open-sided intermediate connecting portion
of the fixed part comprises a semi-cylindrical baffle
wall (26) that is connected between the annular inlet

portion and the disk portion.

12 A fluid spraying apparatus as claimed in claim 5,
wherein the intermediate connecting portion comprises

a plurality of circumferentially spaced fingers (126)

PCT/GB00/00458
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which are dimensioned so as not to prevent any
significant obstacle to the passage of fluid through the

nozzle.

13 A fluid spraying apparatus as claimed in any
preceding claim, wherein the maximum outer diameter of

the apparatus is not greater than 3lcm (12").

14 A fluid spraying apparatus as claimed in any
preceding claim, which is adapted to operate at a working
pressure of 4-8 bar to provide a flow-rate of 400-700

n’/hr
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