TATHO INDUSTRIES CO., LTD.

METHOD FOR TREATING LIQUID IN A TANK AND
LIQUID JETTING DEVICE USED IN THE METHOD

_ This invention relates to'a method for treating
liquid stored in a tank and a liquid jetting device used in
~the method and, more particularly, to a method for treating
any of various types of liquid stored in tanks including
petroleum tanks and other such relatively large-scale oil
tanks in order to, for example, fluidize petroleum to
prevent the precipitation of sludge or remove sludge
deposited on the tank floor and to a liquid jetting device
enabling the liquid treatment to be completed with very
-high efficiency. _

When the pour point of a liquid stored in a tank
is higher than the temperature of the atmosphere inside the
tank, the liquid is stored at a temperature at least as
high as the pour point. The heating of the ligquid stored
in the tank to such a temperature is achieved_by, for
example, installing a heating pipe in a looped or winding
pattern on the floor of the tank and passing a heated
liquid or steam through the pipe.

When the ligquid stored in a tank is heated by
this method, the liquid above the heating pipe is warmed by
convection and assumes a fluid state. In contrast, the
liquid under or remote from the heating pipe'is outside the
range of the heat convection, it gradually loses its
fluidity and solidifieé. For this reason, it assumes a
solid state and remains 'stagnant without mixing or




movement. When the tank is not heated, solidified oil
éonsisting mainly of suspended wax deposits on the tank
floor as sludge. _

- No efficient method has been available for
washing and removing this sludge from the tank,
particularly that deposited underneath the heating pipe,

and workers have had to remove the sludge with scoop

shovels or the like after draining most of the liquid from
the tank. |

As a method for fluidizing and rémoving deposited
sludge from a floating-roof petroleum tank, Japanese
Utility Model Publication Sho 63-44147 teaches a method in
which cylindrical washers bendable at flexible joints are
mounted in appropriate support column holes in the floating
roof, washing liquid is jetted from the washers under high
pressure to break down and £fluidize the sludge, and the
fluidized sludge is pumped up and discharged to the tank
exterior. ,

The conventional sludge removal method that
relies on manpower not only is very inefficient and time
consuming but also dangerous owing to the highly explosive
atmosphere produced by the inflammable gas that £ills the
interior of the tank. It also involves many difficulties
from the points of personnel safety and hygiene owing to,
for example, the progressive detrimental effect on worker
health caused by inhalation of the inflammable gas, which
is a narcotic. '

In the method that involves mounting bendable
cylindrical washers in support column holes in the floating
roof of a floating-roof tank, jetting washing liquid from
the washers under high pressure to break down and fluidize
the sludge, and pumping up and discharging the fluidized
sludge to the tank exterior, the liquid has to be jetted
from the washers installed in the roof under extremely high
pressure in order to break down the sludge. This makes it
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necessary to use large-scale equipment. Since the support

'columns have to be removed for installation of the washers,

moreover, the strength of the roof support is markedly
lowered, making it necessary to conduct the work on top of
an unstable floating roof. This is also dangerous.

To use this method to wash an oil tank measuring
80-plus meters in diameter and 20-plus meters in height and
capable of storing around 100 thousand tons of petroleum,
for instance, it is necessary to install about 30 washers
on the roof, all of which are required to jet liquid under
high pressure if rapid and reliable fluidization of the
sludge deposits on the tank floor is to be achieved. The
washing systém therefore becomes very large and complicated
and, in addition, considerable work is required for
installing the complex network of hoses, pipes, change-over
valves, branches and the like needed for conveying the high
pressure oil. This increases the likelihood of dangerous
accidents during the washing operation. Another problem'is
that the washers mounted on the roof of the floating-roof

.oil tank are limited to a small diameter and scale owing to

the small diameter of the support column holes through
which they pass into the interior of the tank. This makes
it difficult tb effectively utilize the liquid jetted by
the washers to an adequate level and thus limits the
efficiency/of the washing operation.

Since the jetting of the high-pressure liquid by
the washers cannot be easily regulated from outside the
tank, moreover, the progress of the sludge removal
treatment cannot be accurately ascertained. This makes it
impossible to adopt a suitable operating program.

Owing to these shortcomings of the prior aft, a
need has been felt for a liquid treating method and a
liquid jetting device which are capable of jetting liquid
at high pressure by use of very simple equipment,
controlling the amount and direction of the jetted liquid
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with ease and exactitude and enabling fluidization and
other treaﬁments of deposited sludge with high reliability
and efficiency.

According to one aspect of the invention, there
is provided a method for treating liquid stored in a tank
comprising'the steps of ihstalling a liquid jetting device
having a nozzle swingable in a vertical direction and a
horizontal direction in a tank, providing the‘device with
separate power sources for swinging the nozzle in the
vertical and horizontal directions, jetting ligquid from the
nozzle at high pressure, monitoring the jetting of liquid
from outside the tank, and simultaneously controlling the
driving by the power sources from outside the tank to
efficiently treat the liquid in the tank.

The liquid jetting device is installed at the
bottom of the tank side wall and, when necessary, also in
the roof of the tank. It can be attached to an opening
section formed in the tank. The liquid jetted at high
pressure from the nozzle of the device to fluidize and

. remove sludge deposits at the bottom of the tank can be

ligquid remaining inside the tank which is recirculated,
with heating if necessary, or can be liquid obtained by
recovering the liquid at the bottom of the tank to a
reduced pressure recovery tank and reusing the recovered
liquid for jetting at high pressure from the nozzle.

In one mode of operation, the ligquid jetted at
high pressure from the nozzle stirs liquid remaining in the
tank, thereby preventing the sludge from being deposited on
the bottom of the tank and the liquid is jetted directly

-onto the sludge remaining at the bottom'of the tank so as

to break down, fluidize and remove the sludge. The angular
range and the speed of the swinging of the nozzle by the
power sources (which can be air motors, for example) can be
controlled by ﬁarying the supply of a driving fluid (air,
for example) to the power sources.
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According to another aspect of the invention,
there is provided a liquid jetting device comprising a
frame, a casing provided to be swingable inside the frame,

a first shaft extending laterally inside the casing, a jet'

nozzle for jetting liquid provided to be swingable by the
first shaft in a direction perpendicular to the swinging
direction of the casing, a first power source for swinging
the casing, a second power source for swinging the jet
nozzle in the direction perpendicular to the swinging
direction of the casing, and means enabling the driving of
the first and second power sources to be controlled from
outside the tank in accordance with the state of liquid
jetting from a port of the jet nozzle. -

The liquid‘jetting device can further comprise
means for enabling the angular range and speed of the
swinging of the nozzle by the first and second power
sources to be chtrolled from outside the tank by varying a
supply of driving fluid to the power sources.

In accordance with the method for treating ligquid
stored in a tank according to the invention, therefore,
sludge deposited inside a tank is removed, not by hand, but
by installing one or more liquid jetting devices at the
bottom of the tank side wall. As a result, no need arises
to install complicated piping and since it becomes
unnecessary for workers to conduct the liguid treatment
from high places such as the roof of the ténk, the risk of
dangerous accidents is greatly reduced. In addition, the
amount of work involved in setting up and removing the
equipment and pipes for the liguid treatment is markedly
reduce@. Since the nozzle is simultaneously oscillated in
the vertical and horizontal directions and the speed and
angular range of the swings can be controlled by the
separate power sources, the jetting of the liquid from the
nozzle port can be controlled in accordance with the
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condition of the deposited sludge to achieve efficient and
rapid fluidization and removal of the sludge.

According to the invention, since the liguid
jetting device can be installed at an opening section
located at the bottom of the tank side wall, no need arises

"to install complicated piping, and since it becomes

unnecessary for workers to conduct the ligquid treatment
from high places such as the roof of the tank, the risk of
dangerous accidents is greatly reduced. In addition, the
amount of work involved in setting up and removing the
equipment and pipes for the liquid treatment is markedly
reduced. Since the nozzle is simultaneously oscillated in
the vertical and horizontal directions and the speed and
angular range of the swings can be controlled by the
separate power sources, the jetting of the liquid from the
nozzle port can be controlled in accordance with the
condition of the deposited sludge to achieve efficient and
rapid fluidization and removal of the sludge.

- Further, in an oil tank having the liquid jetting
device of this invention installed at the side wall
thereof, the liquid jetted at high pressure from the device
can fluidize the liquid stored in the tank, such as
petroleum, to prevent the precipitation of sludge.

The above and other objects, characteristic
features and advantages of this invention will become
apparent to those skilled in the art from the description
of the invention given hereinbelow with reference to the
accompanying drawings, in which:

Figure 1 'is a schematic diagram showiné an
embodiment of the liquid jetting device according to the
invention installed in a tank;

Figure 2 is a schematic plan view of the tank of
Figure 1;




Figure 3 is a schematic diagram showing another
embodiment of the liquid jetting device according to the
invention installed in a tank;

Figure 4 is a top horizontal sectional view of an
embodiment of the liquid jetting device according to the
invention; '

Figure 5 is side vertical sectional view of the
liquid jetting device of Figure 4; |

Figure 6 1is an enlarged view of a sensor
mechanism of the ‘liquid jetting.device of Figure 4;

Figure 7 1is a diagram for explaining the
positional relationship between a position sensor and a
detection piece of the sensor mechanism shown in Figure 6&;
and ' '

Figure 8 is perspective view of an essential
portion of a liquid jetting device according to the
invention. '

The washer 1 in the illustrated embodiments of
this invention is installed in a cover 34 attachable to and
detachable from an opening section 33 formed in the bottom
of a side wall 32 of a tank 31.

The tank 31 shown in Figure 1 stores any of
various kinds of o0il, such as petroleum, and incurs sludge
deposits on the inside. The bottom of the side wall 32 is
formed with appropriately spaced opening sections 33 having
detachable covers 34. A heating device 35 formed of a
looped or winding heating pipe is provided in the interior
of the tank 31 on a level with the bottom of the side wall
32. The heating device 35 heats and fluidizes the liquid
present at the bottom of the tank 31 as well as the sludge
deposited on the floor of the tank. '

Figures 1 and 2 schematically illustrate one
example of the piping arrangement for the tank 31. In this
example, multiple fluidized liquid recovery paths 37 are
connected to the tank 31 through drain wvalves 36. The
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recovery paths 37 converge at a discharge pipe 38 connected
to a recovery tank which, in this example, is a suction
vessel 39 for maintaining a reduced pressure state. The
liquid in the suction vessel 39 is forwarded through a pump
40 to a heat exchanger 41, where it is heated, and then
through a supply pipe 42 to the inlet pipes of the washers
1 at the opening sections 33 to be jetted at high pressure
from the ports of the washer nozzles. ' '

Figure 3 shows another embodiment of the liquid
jetting device having a different piping arrangement
applicable to a tank 31 of the floating roof type. As
shown, the discharge pipe 38 'is connected with a suction
vessel 39 which in turn is connected with a pump 40 for
pumping the liquid in the suction vessel 39 forward. A
discharge pipe 43 extending from the delivery side of the
pump 40 branches into one branch pipe 44 connected to a
separate storage tank 45 and another branch pipe 46
connected with a supply pipe 42. The supply pipe 42 is
connected to washers l‘provided-at opening sections 33 at
the bottom of the tank side wall and to washers 1' provided
at opening sections 33' of a floating roof 31°'. In
addition, an outlet pipe 47 extending from the storage tank
45 is connected to the supply pipe 42 via a pump 48.

In this embodiment of the invention, the washing
liquid stored in the storage tank 45 and supplied to the
washers 1, 1' can be oil obtained by water-oil separation
in the suction vessel 39 or oil or liquid from another
source. It is also possible to equip the storage tank 45
with a heater for controlling the temperature of the
washing liquid supplied to the washers 1, 1'. In addition,
the flow of washing fluid can be switched between the
branch pipes 44 and 46 for selectively supplying the
washers 1, 1' with liquid from the suction vessel 39 or the
storage tank 45.
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In any of the aforesaid cases, the sludge
accumulated on the floor of the tank can be fluidized and
discharged by the washing liquid jetted from the washers 1,
1', thereby enabling cleaning of the tank interior.

When the washing of the tank 31 is carried out
after most of the 0il or the like has been dischargéd, the
sludge is easily fluidized owing to the direct jetting of
the washing liquid the;eon-by the washers 1, 1'. On the-
other hand, when the jetting of the washing liquid from the
washers 1, 1' is conducted with oil or the like present in
the tank 31, the sludge is fluidized by the turbulent
action of the o0il etc. produced by the stirring effect of
the jetted washing liquid. As a result, the fluidized
sludge can be discharged from the tank as mixed with the

tank oil etc.

The washer 1 for implementing the tank washing
method of the invention will now be explained with
reference to Figures 4 - 8. '

A washer frame 2 is mounted on the cover 34 which
is in turn attached at the opening section 33 of the tank
31.

A casing 4 is housed inside the washer frame 2
and a first cylindrical member 5 and a second cylindrical
member 6 are provided to extend outward from opposite sides
of the casing 4. :The cylindrical members 5 and 6 are
rotatably supported by béarings 7 provided in the opposite
side walls of the washer frame 2. As a result, the casing
4 within washer frame 2 can swing vertically about the
cylindrical members 5, 6.

The interior of the casing 4 is partitioned by a
partition frame 8 so as to form a liquid passage 9 which is
continuous vertically, horizontally and to the rear. A
first shaft 3 is rotatably supported within the first
cylindrical member 5 and traverses the interior of the
casing 4 to have its distal end rotatably supported by a
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crucifix bearing section 10 formed in the open end of the
second cylindrical member 6.

Thus the first shaft 3 extends across the central
portion of the washer frame 2, passes through the first
cylindrical member 5 of the casing 4 and has its distal end
supported by the bearing section 10 formed in the second
cylindrical member 6, while the first cylindrical member 5
and the second cylindrical member 6 are rotatably supported
by the bearings 7 of the washer frame 2. As a result, the
casing 4 can swing vertically about the axis of the first
shaft 3 as supported by the bearings 7 held by the
cylindrical members 5, 6. '

A first worm gear 12 engaged with a first worm 41
is fixed on an extended portion of the first cylindrical
member 5 projecting outward from one side wall of the
washer frame 2. The first worm 1l is connected to a first
power source 29 (an air motor, hydraulic motor or the like)
whose speed can be freely regulated ana direction of
rotation reversed.

When the first worm 11 is driven by the first
power source 29, its rotation is transmitted to the first
cylindrical member 5 through the first worm gear 12 at a
greatly reduced speed so that the first cylindrical member
5 rotates slowly, whereby the casing 4 in the washer frame
2 swings vertically-about the bearings 7. When the casing
4 has swung to a prescribed angle, a position sensor 13
provided on the cover 34, for example, detects a detection
piece 13' provided on the surface of the first worm gear
12, whe:eupcn the first power source 29 reverses its
direction to cause the casing 4 to swing in the opposite
direction. As a result, the casing 4 is swung up and down
about the first shaft 3 by the first power source 29 with a
fixed range determined by the position sensor 13 and the
detection piece 13'. The position sensor 13, which can
operate electrically, optically or mechanically, 1is
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configured to enable adjustment of the operating range. The
surface of the detection piece 13' is printed'or inscribed
with an angle scale 13", whereby the position sensor 13 and
the detection piece 13' can serve as an indicator of the
vertical swing angle of the casing 4. The vertical
position to which the casing 4 is swung can therefore be
readily ascertained from outside the tank.

The inner middle section of the first shaft 3
enclosed by the partition frame 8 is formed with a second
worm 14, and a drive gear 15 for rotating the first shaft 3
is provided on the end of the first shaft 3 projecting
outward of the first cylindrical member 5. The drive gear
15 is engaged with a third worm 28 which is connected to-a
second power source 30 {(an air motor, hydraulic motor or
the like) which, like the first power source, can be freely
regulated as regards speed and direction of rotation. The
end portion of the first shaft 3 has a cylindrical cavity
16 whose inner surface is formed with a female thread. A

"detection rod 17 whose one end is formed on its outer

surface with a male thread engageable with the female
thread is screwed partway into the cylindrical cavity 16
and the remaining portion projecting out of the cylindrical
cavity 16 1is supported to be slidable in the axial
direction but to be incapable of rotation. A sensor
actuating element 18 is provided on the projecting portion
of the detection rod 17 and sensors units 18' are fixed to,
for example, the cover 34 so as to be positioned within
the movement range of the sensor actuating element 18. When
one of the sensors units 18' is electrically, optically or
mechanically activated by the sensor actuating element 18,
the direction of rotation of the second power source 30 is

reversed.

The detection rod 17 is further provided with an
indicator 19, and an immovable angle scale 19' is provided
within the movement range of the indicator 19.
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Thus when the drive gear 15 is driven to rotate
by the second power source 30, the first shaft 3 and the
second worm 14 are rotated, causing the detection rod 17 to
move axially. When the projection of the detection rod 17
from the cylindrical cavity 16 reaches a prescribed point,
one of the sensors units 18' detects the presence of the
sensor actuating element 18 and produces a signal for
reversing the rotation of the-second power source 30. As a
result, the drive gear 15 rotates the first shaft 3 and the
second worm 14 in the opposite direction, thereby causing
the detection rod 17 to move back into the cylindrical
cavity 16. When the detection rod 17 has entered the
cylindrical cavity 16 to a prescribed distance, the other
of the sensors units 18' detects the presence of the sensor
actuating element ‘18 and produces ‘a signal for reversing
the rotation of the second power source 30. As a result,
the dlrectlon of rotation of the first shaft 3 and the
second worm 14 is again reversed.

By appropriately selecting the distance between
the sensors units 18' and their positional relation with
the detection rod 17, therefore, it is possible to cause
the first shaft 3 to reciprocate within the range of £90° '

At an inner portion of the U-shaped interior of
the partition frame 8, a cylindrical second shaft 20 which
stands upright and communicates with the liquid passage 9
at its tdp and bottom ends is rotatably supported by
bearings 21 provided in upper and lower plate portions of
the partition frame 8.

A jet nozzle 22 of tapered cylinder shape which
communicates with the interior of the second shaft 20 and
extends forward therefrom is provided on the side of the
second shaft 20. The second shaft 20 is formed at the
middle of its outer periphery with a second worm gear 23
which engages with the eecond worm 14.
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The second cylindrical member 6 is closed at its
distal end and a washiﬁg liguid inlet pipe 24 is joined to
the side thereof in a rotatable and liquid-tight manner.
The inlet pipe 24 and the second cylindrical member 6 are
in communication through openings 25 in the side wall of
the second cylindrical member 6.

Washing liquid supplied from the inlet pipe 24 at
high pressure enters the second cylindrical member 6
through the openings 25, passes'thrdugh the bearing section
10 at the end of the second cylindrical member 6 and into
the liquid passage 9 and the second shaft 20 and from the
second shaft 20 to the jet nozzle 22, where it is jetted at
high pressure from the nozzle port 22°'. -

When, as explained earlier, the rotation of the
drive gear 15 by the second power source 30 is transmitted
to the first shaft 3 and the second worm 14, this rotation
is further transmitted at reduced speed to the second worm
gear 23. As a result, the jet nozzle 22 is swung
horizontally about the second shaft 20 in one direction
until the accompanying movement of the detection rod 17
described above results in the detection of the sensor
actuating element 18 by one of the sensors units 18', at
which time the direction of rotation of the second power
source 30 and, accordingly, that of the jet nozzle 22, is
reversed. As a result, the jet nozzle 22 swings'back and
forth within a fixed range. This swinging of the jet
nozzle 22 in opposite directions can be monitored from
outside the tank by observing the position of the indicator
19 relative to the angle scale 19°*.

' Moreover, since the speed at which the'jet nozzle
22 is swung by the first power source 29 and the second
power source 30 can be varied by controlling the supply of
driving fluid (oil or air) from a fluid source 49 through .
the use of a conﬁrol valve or the like in the driving f£fluid
supply pipe, the vertical.and horizontal swing of the jet
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nozzle 22 can be controlled from the outside by controlling
the first pdwer source 29 and the second power source 30.
The jet nozzle 22 can therefore be controlled to execute
complex swing patterns. Motors and pumps driven by air or
0il rather than electricity are used for the first power
source 29 and the second power source 30 because the
atmosphere at the installation site. is highly explosive
combustible gas which might be ignited by electric
equipment or static electricity.

After the invention washer 1 described in the
foregoing has been mounted on the cover 34 and the cover 34
has been attached at the opening section 33, high—pressure

‘washing liquid is supplied to the inlet pipe 24, the first

power source 29 is driven to rotate the casing 4
alternately in opposite directions about the first shaft 3
through the action of the first worm gear 12 and the first
cylindrical member 5 and thus swing the jet nozzle 22 up

and down by rotating the casing 4, and the second power

" source 30 is driven to rotate the first shaft 3 alternately

in opposite directions through the drive gear 15 and thus
swing the jet nozzle 22 back and forth horizontally through
the action of the second worm 14 and the second worm gear
23. As a result the nozzle port 22' swings back and forth
both wvertically and horizontally within the prescribed
ranges and at the prescribed speeds, thereby enabling the
jetting of high pressure liquid in complex patterns.

Thus by connecting the supply pipe 42 with the
inlet pipes 24 of the washers 1, as shown in Figures 1 and
3, and jetting high-pressure washing liquid from the nozzle
port 22' of the jet nozzle 22, it is possible to clean the
tank 31 by fluidizing and'discharging sludge therefrom.

If desired, the maximum distance to which the
detection rod 17 can project can be restricted by forming a
shallow recessed portion 26 at the tip of the detection rod
17 and providing a stop rod 27 on the cover 34 with its
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distal end positioned to contact the recessed portion 26
when the detection rod 17 reaches a prescribed degree of
projection.

While in the embodiment described in the
foregoing the liquid jetting device is installed in a cover
attachablé to and detachable from an opening section formed
in the bottom of a side wall of the tank, it is
alternatively possible to install it in a cover attachable
‘to and detachable from an opening section formed in the
roof of the tank and to conduct the washing operation in
exactly the same manner. The device can be attached
directly to the side wall of the tank without utilizing the
cover. -

As described in the foregoing, the method for -
treating liquid in a tank according to the invention is
characterized in that it comprises the steps of installing
at least one liquid jetting device having a nozzle
swingable in a vertical direction and a horizontal
direction in a tank, providing the device with separate
power sources for swinging the nozzle in the vertical and
horizontal directions, jetting liquid from the nozzle at
high pressure, monitoring the jetting of liquid £from
outside the tank, and simultaneously <controlling the
driving by the power sources from outside the tank to
efficiently treat the liquid stored in the tank. The
ligquid jetted at high pressure from the-nozzle of the
liquid jetting device to- fluidize and remove sludge
deposits at the bottom of the tank can be liquid remaining
inside the tank which is recirculated, with heating if
necessary, or can be liquid obtained by recovering the
liquid at the bottom of the tank to a reduced pressure
recovery tank and reusing the recovered liguid for jetting
at high préssure from the nozzle.

| Thus, in accordance with the invention, the jet
nozzle of the ligquid jetting device 1is swung both
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vertically and horizontally by separate power sources for
the different directions so as to enable the speed and
angular range of the swings to be controlled from outside
the tank. As a result, the jetting of the liquid from the
port of the jet nozzle can be freely controlled, thereby
enabling efficient, rapid and reliable treatment of the
liquid stored in the tank. Since the device can be
installed a cover at the tank side wall, the device can be
attached to the tank with ease by merely replacing the
cover and since no need arises for installation of the
complex piping and wiring required heretofore, ' the
installation and removal of the device and the provision of
the piping is extremely simple. The setup in preparatien
for the treatment can therefore be completed in a short
time. Since the jet nozzle is installed at the bottom of
the tank where it is near the sludge, moreover, the liquid
jetted from the nozzle port is able to manifest sufficient
sludge breakdown power even when jetted at lower pressure
than in the prior art. This eliminates the need for
sophisticated and expensive equipment for jetting high
pressure fluid and the dangerous work that the installétion
of such equipment involves.

The practical value of the liquid jetting device
aécording to the invention is further enhanced by the fact
that it can be utilized to wash either a tank which has
residual oil or the like at the bottom or a tank that has
been completely emptied of oil..
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Claims:

1. A method for treating liquid stored in a tank,
characterized by-the steps of installing at least one
liguid jetting device (1) having a nozzle (22) swihgable in
a vertical direction and a horizontal direction in a tank
(31),_providing the device with separate power sources (29,
30) for swinging the nozzle in the vertical and horizontal
directions, jetting liduid from the nozzle at high
pressure, monitoring the jetting of ligquid from outside the
tank, and simultaneously controlling the swinging of the
nozzle by the power sources from outside the tank to
efficiently treat the liquid stored in the tank. '

2. A method according to claim 1, characterized
in that the liquid jetting device is provided in a cover
(34) attachable to and detachable from an opening section
(33) formed in a bottom portion of a side wall (32) of the
tank. .

3. A method according to claim 1, characterized
in that the liquid jetted from the nozzle (22) at high
_preésure is recirculated liquid remaining in the tank.

4. A method according to claim 3, characterized
in that the liquid jetted from the nozzle (22).:at high
pressure is heated liquid.

. 5. A method according to claim 3, characterized
in that liquid remaining in the tank (31) is recovered to a
reduced pressure recovery vessel (39) and jetted from the
nozzle of the liquid jetting device.
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6. A method according to claim 1, characterized
in that the liquid jetted from the nozzle (22) stirs liquid
remaining in the tank to fluidize precipitate deposited at
the bottom of the tank and the fluidized precipitate is
removed together with the liquid.

7. A method according to claim 1, characterized
in that the liquid jetted from the nozzle (22) is jetted
directly onto the liquid stored in the tank to fluidize and
remove the stored liquid.

8. A method according to claim 1, characterized
in that the swinging of the nozzle (22) by the power
sources (29, 30) is controllable in angular range and speed
from outside the tank (31) by varying a supply of a driving
fluid to the power sources.

9. A liquid jetting device (1) characterized in
that it comprises '

a frame (2) mounted on a tank (31),

a casing (4) provided to be swingable inside the
frame,

a first shaft (3) extending laterally inside the
casing, -_ S
a jet nozzle (22) for jetting liquid provided to
be swingable by the first shaft in a direction
perpendicular to the swinging direction of the casing,

a first power source (29) supplied with driving
fluid for swinging the casing, a second power source (30)
supplied with driving fluid for swinging the jet nozzle in
the direction perpendicular to the swinging direction of
the casing, and ' _ _

means (11, 14, 28) enabling the driving of the
first and second power sources to be controlled from
outside the tank ih accordance with a state of liguid
jetting from a port (22') of the jet nozzle.

10. A liquid jetting device according to claim
9, wherein the swinging of the nozzle by the power sources
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(29, 30) is controllable in angular range and speed from
outside the tank by varying a supply of-the driving fluid
to the power sources.

11. A liquid jetting device according to claim 9
.or 10, wherein the driving fluid supplied to the power
sources (29, 30) is air.

12. A liquid jetting device according to claim
9, wherein the frame (2) is mounted on a cover (34)
attachable to and detachable from an opening section (33)
of the tank (31).

13." A tank (31) having at a bottom portion of a
side wall thereof a plurality of liquid jetting devices
(1), characterized in that each device comprises -

a frame (2) mounted on the tank,

a casing (4) provided to be swingable inside the
frame, -
a first shaft (3) extending lateraliy inside the
casing, _

a jet nozzle (22) for jetting liquid provided to
be swingable by the first shaft in a direction
perpendicular to the swinging direction of the casing,

a first power source (29) supplied with driwving
fluid for swinging the casing, a second power source (30Q)
supplied with driving £fluid for swinging the jet nozzle in
the direction perpendicular to the swinging direction of
the casing, and

means (11, 14, 28) enabling the driving of the
first and second power sources to be controlled from
outside the tank in accordance with a state of 1liquid
jetting from a port (22') of the jet nozzle.



