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The invention concerns a nmethod according to the generic part of the fiFZ"r7§(3
rfidependent nethod claimas well as a device for carrying out the nethod.
Met hod and device serve for recovering crude oil bound in thickened crude

oil or its y to conpact sedinents ip vessels in which gr | |10l
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stored 5 or transported. Crude oil hauled Tt

in crude oil production is first stored w thout further treatnent in
storage vessels, i.e. in crude oil tanks of large 10 volunme and is held
ready for distribution. The storage tines of the oil in this ki nd of

vessels is nostly sufficiently long for considerable sedinentation to
occur, especially under extrene climatic conditions. Hereby, the

sedi ment ati on speed and the conposition of the sedinents usually
differ according to the origin of the oil. If such vessels are
enptied and refilled several times w thout 15 renoving the sedinents, a

| ayer of sedinents.of a thickness of 1.5 mor nore can be forned. The
gquantity of crude oil contained in this kind of sedinent | ayer is

consi derabl e because this layer consists to a |large extent of thickened
oi | and hi gher nol ecul ar substances such as e.g. asphalt, paraffins or
waxes. The sedi nents can, however also be forned fromlighter
conponents of crude 20 oi | by means of thickening under the influence of
heat. The sedinents often

METHOD AND DEVICE FOR LIQUEFACTION OF SEDIMENTS OF
THICKENED CRUDE OIL

The invention concerns a method according to the generic part of the first
independent method claim as well as a device for carrying out the method.
 Method and device serve for recovering crude oil bound in thickened crude
oil or its sludgy to compact sediments in vessels in which crude oil is stored

5  and/or transported.

Crude oil hauled from the ground in crude oil production is first stored
without further treatment in storage vessels, i.e. in crude oil tanks of large
10  volume and is held ready for distribution. The storage times of the oil in this
kind of vessels is mostly sufficiently long for considerable sedimentation to
occur, especially under extreme climatic conditions. Hereby, the sedimentation
speed and the composition of the sediments usually differ according to the
oﬁgin of the oil. If such vessels are emptied and refilled several times without
15  removing the sediments, a layer of sediments of a thickness of 1.5 m or more
can be formed. The quantity of crude oil contained in this kind of sediment
layer is considerable because this layer consists to a large extent of thickened
oil and higher mé)lecular sublstances such as e.g. asphalt, paraffins or waxes.
The sediments can, however also be formed from lighter components of crude

20  oil by means of thickening under the influence of heat. The sediments often



Y
P1125E | THISSHEET HAS BEEN have a | ®iid ShedtiHi€Been Replaced
consi stency and are nothing el se thn a AEBYARFEDf r actf on of “IIIIE’I““e"HI Ii
' [
owe
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5

For a long time, the sediments in crude oil containers as described above
have been unwanted material which still today is removed in periodic cleaning
processes from the vessels with corresponding cleaning media, mostly aqueous

10  solutions of detergents, is deposed of in more or less sensible manner or is
destroyed. In the patent publication EP-160805, a method has been described
with which this kind of sediment in crude oil containers or similar storage or
transport vessels can be brought into a recyclable form. For this purpose,
crude oil is injected into the sediment by means of rotating heads with nozzles

15 which heads are introduced into the sediment. Thus, over a large area the
sediment is swirled round and distributed in the liquid, is made to move is
dissolved at least partly. Hereby, it proves to be advantageous to match the
activities of the individual nozzle heads to each other, such that due to
opposite rotation, the vortices created by each nozzle head create currents.

20

From the named publication (EP-160805) it can be seen that the described
method is rather complicated. The reason for this is the necessary use of
rotating lances with which a region as large as possible is treated with injected
25  oil and with which the vortices are to be achieved. Regarding the use of
energy and in particular regarding the device and the method for assembling
it, the whole thing is relatively costly. Means, i.e. drives, for rotating the lances
are required. The diluting media, the fresh crude oil must be introduced
through these same lances. For the desired forming of eddies, controlling
30 means are required to control the direction of rotation of the lances.

Furthermore, this type of rotating lance is complicated mechanically and thus
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15. Iiquid containing the dissolved residues are then renoved by sucti on.

Thus, the floor of the vessel is cleaned. The outlets for the

cl eani ng medi um are arranged in oblique manner and are desi gned such
t hat the Iiwi%E:an be sucked back_ghrough them They have the
capacity to nake the introduced liquid swrl. A further exanple for .
the cleaning of a tank is shown in the 20 publication US-A-2,574, 958
(Carr) according to which a kind of raft floats on the oil. On the

bottom side of the raft, a mxing propeller for noving the oil
attached. The pr

is
opeller,. is driven_ hydrauljcally fro he ouytside of the
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crude oil bound®in the residues has never been consi dered.
P1125E disadvantageous concerning the process. In addition, the construction of

rotating lances requires a relatively high precision because roller bearings and

other elements requiring narrow tolerances e.g. for fit are included in the

device. This makes designing and manufacturing such devices relatively
10  expensive. ' '

It can be shown that such relatively high costs can be prevented. For this
reason, the invention has the object to eliminate these disadvantages. The
15 . object is achieved by the method and the device which are defined in the

claims.

The inventive method substantially consists in bringing a plurality of liquid
20  jets having a fixed spatial direction into and directly above the sediment by
means of hydrodynamic energy such that the introduced liquid forms a
substantially horizontal current. The object is to create with the totality of all
the liquid jets a concerted current or concerted currents respectively. The
plurality of specifically arranged and directed lances having defined nozzle
25  orientation effect in a vessel with a circular plan e.g. a current which is closed
in itself and which is behaving as if driven by a gigantic stirrer. Hereby, the
upper border of the flowing liquid is to remain as little disturbed as possible
and its lower border, i.e.the border between flowing liquid and sediment, is
to be formed such that an amplified erosive effect is achieved by the current.
30 In order to keep the energy required for the process as low as possible it is

also an object of the method only to create directed mass currents where they
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and is more simple to be carried out. The device to be created for carrying
10  out the inventive method is much more simple and is easier to operate than
the corresponding device for the known method and it is in particular more
easily adapted to and mounted in the vessels to be treated. The required
means are very simple, are cheaply fabricated, easily mounted, robust, little
'susceptible and practically maintenance-free lances.
15

The liquid introduced directly above the sediment differs from the crude oil
above the sediment at least in that its concentration of substances from the
sedimentation is lower. This liquid, in the case of a crude oil tank, is e.g.

20  crude oil from the upper region of the vessel or a less concentrated portion of
the same crude oil, i.e. a portion of crude oil from which the heavy
components have been removed. In any case, the main components of the
liquid are the same as the main components of the liquid to be stored and/or
transported in the vessel to be treated. Therefore, the liquid, after taking up

25  the sediments can be mixed into the stored liquid without scruples and/or can
be fed into the same further processing.

The inventive method makes use of the finding that by corresponding supply
30  of current energy (hydrodynamic energy) it is possible to produce a current in

a region or a layer of a resting liquid, whereby a kind of shear planes are
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di'sturbances. |If the conbined rotation fails the form ng of eddies

al so fails, which, however, is relatively insignificant due to the

t wo- di mensig ? I effect of the rotating nozzles. However, the required
riple

si nul t aneous function, i.e. rotating the heads mnth e.g.

pneumati ¢ neans, punping and 5 I njecting the crude oil and controlling
the nozzle heads is costly and rat her di sadvant ageous concerni ng the
process. In addition, the construction of rotating Iances requires a
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prevent ed. Forflowias different speeds. In order to form this kind of flowing layer the liquid
to be introduced is injected into the resting liquid in a direction substantially
5  tangential to the flow axis and at a predetermined speed. For this purpose,
the pressurized liquid is pressed through stationary injection nozzles which are

correspondingly orientated in a fixed direction.

10 It is advantageous if at least in the region of the upper shear plane mixing is
impeded as far as possible; this for the following reason: in vessels in which
crude oil or liquids of similar character are stored in a stationary condition for
a sufficiently long time not only sediments forme but probably also a
composition gradient across the whole height of the liquid column such that

15 the concentration of the substances most concentrated in the sediment
increases from top to bottom. The lowermost layers of liquid thus contain a
considerable concentration of the substances contained in the sediment and
therefore, are hardly suited for an efficient re-liquefaction of the described
sediments. With the inventive method it becomes possible to introduce a new

20  liquid above the sediment and to mix it with the lowest layers of the stored oil
only to a limited degree which means that the inventive method is of a higher
efficiency than known methods.

25  If a liquid from the layer above the circular-current-layer and more suitable
for the liquefaction is injected into the circular-current-layer a certain mass
current is formed on the shear plane from the circular-current-layer into the
superposed region above the shear plane or a corresponding quantity of liquid
is continuously drawn from the circular-current-layer, i.e. the quantity of the

30  injected liquid. Thus, the continuity condition for the circular-current-layer is

maintained.
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- 415 object is achieved by the nethod and the device which are defined in
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t hey sediment surface, i.e. not quite honzontally, by which a local vertical flow

component is favored.

10  An exemplified embodiment of a device for carrying out the inventive method
substantially consists of a plurality of hollow lances for guiding the crude oil
to be injected. These lances are introduceable into the vessel to be treated in
a substantially vertical direction, through the sediment also and
advantageously down to the floor of the vessel. Hereby the end region of each

15  lance orientated towards the floor of the vessel has at least one nozzle
arranged laterally on thellance, advantageously several such nozzles arranged
above each other at a distance. The other end of each lance protrudes from
the top of the vessel and is connectable to a supply line for pressurized liquid.
The nozzles arranged on one lance are all directed in the same direction. A

20  further embodiment shows two rows of nozzles extending axially and having a
radial angle between them. The lances are positioned such that one part of
the nozzles is positioned above the sediment surface and the other part below
the sediment surface. This is e.g. realized with lances which comprise rows of
superimposed nozzles, whereby the length of the rows of nozzles is

25  advantageously so large that they can rise above thick sediment layers.

The lances distributed over the base area of the vessel are positioned
substantially vertically in the vessel such that the end regions of the lances
30 which are equipped with the nozzles reach as far down towards the floor of
the vessel as possible, i.e. they are introduced into the sediment layer. All
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5

When the lances are positioned, the nozzles are correspondingly orientated
and the lances are connected to the supply system and the liquid is pressed
into the vessel through the nozzles. Hereby, the liquid will be pressed

10  particularly through nozzles located above the sediment surface because
pressing through other nozzles meets a considerably higher resistance. Due to
the orientation of the nozzles as described above a substantially horizontal
current develops above the sediment after some time e.g. in form of a flowing
liquid layer which mainly consists of freshly supplied liquid. This liquid

15  interacts with the sediment surface and erodes it, whereby the sediment
surface is lowered and further nozzles contribute to the general flow of liquid
directly on the surface of the sediment.

20  Through the current such generated and developing into e.g a circular current,
the liquid is transported into the region of other nozzles located in flowing
direction (downstream), whereby it is enriched with the sediment substances
to be liquefied and is then displaced upwards by the freshly supplied liquid.

25
In this manner, the sediment can be removed right down to the floor of the
vessel. Heavy, not soluble sediment components such as stones, pieces of
metal, rust or the like will hardly leave the region of the floor due to the
small but inevitable turbulence and they can be removed from the floor in a

30  separate process.
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5  whereby the current to be created, which is as closed in itself as possible,

advantageously flows in parallel with the vessel wall.
The inventive method and the inventive device are explained in detail in
10  connection with the following Figures, whereby

Figurel  shows the principle of a moving circular-current-layer with

adjacent shear planes in a cylindrical container containing a

liquid;
15
Figure 2  shows the principle of creating a circular-current-layer;
Figure 3  shows the principle of creating a circular-current-layer in the
lower part of a cylindrical tank with the help of the inventive
20 lances;

Figure 4  shows the principle orientation of the nozzles for creating

currents;

25  Figures 5, 7 and 8 show three exemplified arrangements of lances in vessels

with different base areas;

Figure 6  shows the principle of the transfer of currents between pairs of
_ successive nozzles;
30

Figure 9  shows the creation of a circular current above a sediment layer;
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Figure 13 shows a section through a lance with two rows of nozzles with
10 different directions; '

Figure 14 shows an embodiment of a nozzle-system rotatable around an

axis;

15 Figure 15 shows a cheap, robust and simple embodiment of the end portion

of a lance with a row of nozzles movable in one axis;

Figure 16 shows an embodiment of a lance partly consisting of a flexible

tube;
20
Figure 17  shows embodiments of nozzles which if desired can be blocked or
closed;
Figure 18 shows an embodiment of lances with a primary and a secondary
25 ' row of nozzles which allow the creation of more distinct shear

planes;

Figure 19 shows a possible principle which supports the desired form of
disturbance with the help of sucking means;
30



20 i quid above the sedinent and to mix it with the |owest |ayers of the
-stored oil only to a limted degree which nmeans that the inventive
nmet hod i s of a higher ef ficiency than known net hods. 25 If a
liquid fromUBSE|l ayer above the circul ari@urrent-layer and nore suitable
for the liquefaction is injected into the circular-current-layer a certain
mass current is-forned on the shear plane fromthe '
circular-current-layer into the super posed regi on above the shear

pl ane or a corresponding quantity of liquid I s continuously drawn
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mai nt ai ned. Plil€Sflealized manner how the inventive method opefates.

5  Figure 1 shows, in a schematic representation, the idealized principle of a
liquid layer driven in a circle. The Figure shows a cylindrical vessel 1 with a

| central axis 34 representing the center of the current. The vessel 1 contains a
liquid 2 which is divided into layers. The layers 6.1 and 6.2 are layers of liquid

2 at rest relative to vessel 1. Between these two resting layers there is a layer

10 5 in which the liquid is in motion. The direction of motion of the layer is
indicated by arrow 35. The layer moves in substantially circular form, i.e.

there is a circular current in layer 5 around the central axis 34 of the vessel 1.

The circular current is a current without eddies or turbulence. The current

field within the layer is homogenous and consists of horizontal motion

15  components only.

Because the layer 5 moves relative to the layers 6.1 and 6.2, shear planes 30.1
and 30.2 form between the resting layers 6 and the circular-current-layer 5. As
20  mentioned above, Figure 1 describes an ideal system in which the friction on
the shear planes is neglected. In reality, most shear planes are characterized
by shearing strains due to the horizontal relative movement of the adjacent
liquid layers and the friction within the liquid. The friction forces being
oriented substantially tangentially to the outer wall of vessel 1, may cause the
25  layer 6 ideally being at rest relative to vessel 1 or at least the one part of it
which is directly adjacent to the moving layer 5 to move slightly. For better
understanding these secondary effects are neglected in what follows.

30 In Figure 1 the means which introduce the necessary energy into the layer to

be moved are not shown because the actual embodiment is not important
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| ayer. Additionally some or all of the injection nozzles can point
downward i P1d25Eat 5 angl e such that- Ithe introduced.liquid is inject ed
directed slightly towards the sedi nment surface, i.e. not quite
hori zontal ly, by which a local vertical flow conponent is favored.
10 An exenplified enbodi nent of a device for carrying out the inventive
met hod substantial ly consi sts of a plurality of hollow | ances for
uiding the c kRS I abl e
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direction, tlntugh the sedi rrent al so and advant ageously down to
the floor of the vessel. Hereby the end region of each 15 | ance

orientated towards the floor of the vessel has at |east one nozzle
arranged laterally on the | ance, advantageously several such nozzles
arranged . above each other at a distance. The other end of each | ance
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them The | ances are positioned such that one part of
small energy loss because the liquid mass in layer 5 moves homogeneously

and without forming eddies. It is even possible for the user of the method to
10  select the thickness (or height) of the circular-current-layer or —column by
using the inventive device and thus, the user has the possibility to bring only
such a part of the liquid mass into motion or keep it in motion respectively as
is necessary for the method. This reduces the energy consumption (e.g. pump
power) of the system further and to a considerable degree.
15

Figure 2 schematically shows the (again idealized) principle of the energy
supply into the circular-current-layer 5. The thickness of the circular-current-
layer 5 is substantially determined by the arrangement of the means for
20  supplying the motion energy to the liquid (in the following called motion-
energy-sources 7). In the Figure these motion-energy-sources 7 are shown as
points from which a directed .liquid jet or a directed liquid acceleration issues.
The arrows 36 show the direction into which the liquid is accelerated or
moved respectively by the motion-energy-sources 7. Here, nozzles or elements
25  supplying motion-energy to the system in the sense of Figure 2, are used to
inject liquid. |

The present invention is concerned with the energy supply into the liquid by
30 means of injecting liquid stemming from the resting layers 6.1 or 6.2 or

advantageously from the circular-current-layer itself, which liquid is pressed



the nozzles is positioned above the sedinent surface and the other part

bel ow t he sedi nent surface. This is e.g. realized wth |ances which
conprise rows of superi nposed nozzl es, whereby the |l ength of the rows
of nozzles pp1d8F advantageously so |arge-that they can rise above thick
sedi nent | ayers. The | ances distributed over the base area of the
vessel are positioned substantially vertically in the vessel such
that the end regions of the | ances 30 whi ch are equi pped with the nozzl es
reach as far down towards the fl oor " the vessel as possible, i.e.

h i
Ly are INtTOegh e 8 %?s%eﬁfﬂiegi?fsucféﬁ??vat%éne&%dcﬁ destifiedt  deuil in

their nozzles, cHmédtich with Figure 3.

5  The orientation of circular-current-layer 5 is substantially influenced by the
orientation of the motion-energy-sources 7. This orientation is visualized in
the Figure by means of arrows 36. In Figure 2 the arrows are orientated such
that, viewing the vessel from the top, an anti-clockwise circular current is
created. The arrows point substantially in flowing direction, i.e. tangentially to

10  the wall of the vessel. '

The extension of the circular-current-layer 5 in longitudinal direction of the
vessel 1 is substantially dependent on the extension of the motion-energy-
15  sources 7 in the direction of the longitudinal axis 34 of the vessel, which axis
is at the same time the center of the current. In order to create a distinct
circular-current-layer 5 it is advantageous if the motion-energy-sources 7 are
distributed as regularly as possible over the height, the radius and the
circumference of the circular-current-layer 5 to be created. In Figure 2 the
20  motion-energy-sources 7 are arranged in five rows of superimposed sources at
regular distances. The Figure shows the principle arrangement only. Optimum

arrangements are discussed exhaustively in connection with some of the

following Figures.

25
Figure 3 shows, by means of a schematic representation, the inventive
principle of the injection of liquid into a circular-current-layer 5 0of a
cylindrical crude oil tank 1 with a central axis 34 forming the current center
around which the liquid of the moving layer 5 flows in circular manner.
30 Lances 10 are immersed into tank 1 through the surface of the liquid. These

lances reach down to the region of the floor of tank 1. The lances 10 comprise



conponent e.g. directed in the sane direction tangentially relative to a
predetermned current center (or to a different central region). For

cylindri cal vessels, the flow center is |ocated advantageously on the
vessel axiP125B when t he | ancesl3as e positioned, the nozzles are
correspondi ngly orientated and the | ances are connected to the supply
systemand the liquid is pressed into the vessel through the nozzles.
Hereby, the liquid will be pressed 10 particularly through nozzl es

| ocated above the sedinent surface because pressi ng t hrough ot her

nozzl es neet he A he.
orientation g?@??ngdozglz% Zghggngescrl ?OEL%%%II an ‘%‘gn]la?%sl Eﬁ E?ﬁ“fgzg?ﬁ al
current develﬂ;ms thjheetanlhetoslhellshem phint €30.STHeE nbil8s Serde ds mbdrierek,

f1ow ng ui I ich mainly consists of freshly supplie
liquid. This P é racts with the sedi nent surface and erodes |t
wher eby t he sedi nent surface Is | owered and further nozzles
contribute to the general flow of |iquid directly on the surface of
t he sedi ®ent Through the current such generated and devel opi ng

into e.gac Iar urre the |i 'dlstransportedlntothe
regi on of ot E’éﬁy ?équr . Janges maf?(%ﬁaﬂged regularly Q.8 jcirgle; epngeRtric cton) |
whereby it isheebhdeCARE ¥F e t4AR. 99 BR&Ys 0 | dxgiugd 1 ed
and is then displaced upwards by the fresm‘y sg’ggﬁéte& ISllch h%t%e &f
the nozzles 11 is orientated substantially tangentially to the base area of the
tank. The openings of the nozzles 11 are aimed into the direction of motion

10 of the circular current.

The ends of the lances protruding out of the tank are connectable to a supply
system, which in Figure 3 is schematically shown as supply lines 20, a
15 distributor 29, a pump 26 and a suction means in the region of the moving
circular-current-layer. Thus, it is possible to suck liquid from the circular-
current-layer and to pump this liquid into the individual lances 10 from where

it can be re-injected into the moving layer 5 through the nozzles 11.

20
The liquid 2 which is pumped through a nozzle creates a liquid jet which is
shown by means of arrow 36. If the lances 10 are introduced into the liquid 2
in the arrangement and orientation as described above, motion energy is
introduced into the layer 5 in such a manner that, at constant pump power,

25  after a certain time, a substantially stationary circular current, as described in
connection with Figure 1, is created with the difference that a lower resting
layer (6.2 in Figure 1) cannot form due to the arrangement of the lances
according to Figure 3. Using the arrangement described in Figure 3, a
stationary layer 5 with a circular motion is created at the bottom of the tank.

30 '



25 + In this manner, the sedinent can be renoved right down to the

flroor of the vessel . Heavy, not sol ubl e sedi nent conponents such as
stones, pieces of metal, rust or the like will hardly |eave the

regi on of tPEH26Eoor due to the smalld -but i nevitable turbul ence and
they can be renoved fromthe floor in a 30 separate process. '
P1125E - 8- For static reasons,
storage tanks for crude oil usually have a circul ar base which is

extrenely suitable for carrying out the inventive nethod because
possi bl e Lo apey TR e O e B ee a1 Lo
5 wher eby t show ther principle tfther inyensive devicshfdrscreafing 8 wingulaprcunrent| layes
possibl e, Crude oil tanks have a diameter between 30 and 100 m. It is evident that with
such dimensions many more lances must be positioned for creating a circular-
5  current-layer. It is evident also how essential energy saving pumping is as soon

as such large amounts of liquid are to be pumped.

Figure 4 schematically shows the orientation principle for the nozzles. The
10  Figure shows one lance 10 with one nozzle 11, a predetermined current center
34 and a horizontal circle 32 around the current center, whereby the nozzle
opening is located on this circle. The circle 32 is an example for a current line
of a horizontal current closed in itself, i.e. a circular current around the
current center 34. The jet direction is shown in a somewhat exaggerated angle
15 and is denominated with vector R divided into a vertical component R,, a
horizontal, tangential component R, (parallel to the current line) and a
horizontal, radial component R, (perpendicular to the current line).

20  The conditions for orientating the nozzle and for carrying out the inventive
method are the following: '

- Vector R has an optional vertical component R, or a component directed
orthogonally downward.

25
- Vector R has a horizontal, tangential component R, whereby the
components of all nozzles of the system have the same sense of rotation
relative to the current center.
30 - Vector R can have a horizontal, radial component R,. This component is

shorter than the horizontal, tangential component R,, i.e. the angle



advantageously flows in parallel wth the vessel wall. The
rnventive nmethod and the inventive device are explained in detail in 10
connection with the follow ng Figures, whereby Figure 1 shows
the princiRllesEof a noving circular-cut3ent-layer wth

adj acent shear planes in a cylindrical container containing a

liquid; 15 Figure 2 shows the principle of creating a
circular-current-1|ayer; Figure 3 shows the principle of creating
acircular-current-layer in the | ower part of a
cylindrical tank wi f ' I¢ B S;
Figure 4 shows t pr| nm#lng or%??cgh%t |%ntKgo%Qltzﬂré (Prczqe Of %?ga% I ng
currents; the most 45°,

5  Figure 5 shows a top view of a vessel with circular base area or floor
respectively and with a current center 34 extending perpendicular to the
center of this base or floor. However, it must be taken into account that with
radii of up to 50 m the curved current lines look like straight lines in smaller
segments and that the arrows look exaggeratedly large in this Figure of a

10  vessel with a radius of a few centimeters. However, they correspond to about
the double of the ejection capacity of the nozzles such that the successive

formation of the current can be well imagined.

15  Over the base of the vessel, a plurality of vertically positioned lances 10 is
arranged on concentric circles in a substantially regular pattern. The ejection
directions through the nozzles are also shown or the horizontal components
R, of these directions respectively all of them being arranged tangentially and
anti-clockwise (no component R). The shown nozzles can be individual

20  nozzles on each lance which are then advantageously arranged at different
heights or they can be arranged in rows and be orientated all in the same
direction, as shown in Figure 3. The nozzles can be directed, apart from
horizontally (parallel to the floor), downward in identical or different angles
a. It may be sufficient to arrange nozzles only on the outer third of the vessel

25  radius such that a closed current is first created in the region of the vessel
wall which then gradually expands inward. In order to influence the inmer
region the nozzles can be radially orientated instead of tangentially such that
the currents forming between the nozzles meet in the center in a radial
manner.

30



25  Fi gures 5, 7 and 8 show three exenplified arrangenents of |ances in

vessel s with different base areas; Figure 6
shows the principle of the transfer of currents between pairs of
successi ve Por23es; 30 Figure 9 -1ghows the creation of a circular
current above a sedi nent | ayer; P1125E

-9- : Figure 10 shows the injection of liquid into the sedi nent
| ayer; Figure 11 shows an advant ageous enbodi nent of the | ances
by neans of a | ongi tudi nal section through a crude oil

tank and througgempel ¢ MiGws the possibility for creating a distinct liquid current with the
help of the inventive method with ’steady’ lances 10. It must be taken into

account that with the immense dimensions of crude oil tanks the curved

current lines look like straight lines if, as mentioned above, only a section of a

5  few meters of the same current is looked at. For this reason, the main flow

direction achieved by means of the corresponding ' arrangement of the lances

is shown curved or not curved respectively in Figure 6.

10  The lowermost part of a lance arrangement of four lances 10.1,10.2,10.3 and
10.4 is shown schematically. The nozzles 11 arranged above each other form
rows of nozzles extending vertically at the one end of the lances 10 which
faces the floor of the tank. The nozzles are shown as rings. The liquid pressed
out of the nozzles and the direction of the liquid jet are shown by means of

15  arrows 36. Obviously, it is a pointed cone 31 with a larger or smaller opening
angle according to the nozzle form which is formed when the liquid is pressed
out (indicated on one of the nozzles in Figure 6). The arrows 36 indicating
the liquid jets relate to the cone axes, the actual jets though have the form of
slender funnels.

20

The arrows 36 of two adjacent Ilances (10.1 and 10.2 or 10.3 and 10.4
respectively) not only have a component in direction of the main current 37
but also a component directed towards the main flowing direction. The
25  ejected liquid of lance 10.1 thus meets the liquid jets of lance 10.2 in the
region of the main current and accelerates the liquid in this region. The
supplied energy decreases with the distance that the liquid moves away from
the lance. At a distance from the lances 10.1 and 10.2 where the driving
energy has decreased to a high degree, a further pair of lances 10.3 and 10.4
30  is positioned in the liquid in the same manner as lances 10.1 and 10.2, such

that the desired main current 37 is maintained dr, depending on the distance



5 - system Figure 12 shows an enbodi nent of a

nozzl e novable in tw axes; Figure 13 shows a section through a
lance with two rows of nozzles with 10 di fferent directions;
Figure 14 PRI@BE an enbodi nent of a noz-zl%-system rot at abl e around an

axi s; 15 Figure 15 shows a cheap, robust and sinple enbodi nrent of the
end portion ' of a lance with a row of nozzles novable in
one axi s; Figure 16 shows an enbodi nent of a |ance partly
consisting of a flexible t ube; 20 ~ Figure 17 shows

grggceihrfents Of bedédl Cthe \PAifd df ' 1aGS! (16 bveR NadeBleRh&f K heOkourse of the main
current 37 is influenced by the geometric arrangement of the pairs of lances
(10.1 and 10.2 or 10.3 and 10.4 respectively) and by the pressure of the
injected liquid. Thus currents can be created in a tank with a circular base or

5 a base of different shape.

It shows that in a crude oil tank of a diameter in the range of 30 and 100 m a
jet range of more than 5 m can be achieved within the crude oil using a

10  ejection pressure of 5 to 30 bar. Therefore, it is advantageous to maintain the
distances between the lances, in particular the tangential distances between
the lances within this range.

15  Figure 7 shows a further top view into a vessel in which lances 10 with nozzles
are arranged substantially on four current lines (current lines shown by means
of broken lines) of a current to be created. The nozzles of the lances of two
adjacent current lines are each orientated slightly towards each other (with
radial components directed towards each other, as shown in Figure 6) such

20  that between the current lines of a pair of lances a main current develops.

Figure 8 shows, by means of a top view, a vessel which does not have a
circular base but an oval one. Within the vessel, vertical lances 10 with
25  nozzles are arranged. The liquid current to be created by injecting liquid is
again closed in itself and for covering as much of the base area as possible it
is not arranged around a current center but around a ’rotation area’ 34. The
lances are substantially arranged on inner current lines S; and outer current
lines S, of this liquid current and the nozzles are orientated such that the
30  corresponding jet directions have a horizontal, tangential component R, and a

horizontal radial component R, whereby the radial component R, of the



Fi gu}e‘ 18 shows an enbodi nent of |lances with a primary and a secondary 25
row of nozzles which allow the creation of nore distinct shear

pl anes;. Figure 19 shows a possible principle which supports the
desired forfh125E _ di stut®ance with the hel p of sucking
means; 30 P1125E - 10-

Figure 20 shows, by neans of a three-dinensional diagram in sinplified,
i.e. idealized manner how the inventive nethod operates.
nozzles is directed outward on the inner current line S; and the radial
component R, of the nozzles is directed inward on the outer current line S,.

5  With the arrangement shown in Figure 8, a main current is created between
the inner and the outer current lines, whereby unwanted forming of eddies in
the region of current area A along the wall of the vessel is prevented which

means that the pumps use less energy.

10
Figure 9 shows a schematic representation of a crude oil tank 1 with a
sediment layer 3 at the bottom of the tank 1. The Figure shows an
exemplified embodiment of the ihventiv_e method and the inventive device for
liquefaction of crude oil sediments.

15

On their one end, the lances 10 (in Figure 9 only one lance is shown as an
example) have one nozzle 11 only, a small number of nozzles 11 or a short
line of nozzles arranged close together and they are not introduced into the
20  sediment layer but only reach down to its surface. The circular-current-layer 5
extends above the sediment surface and the current erodes and gradually
dissolves the sediment. During the dissolution of the sediment layer 3, the
lances 10 are lowered step by step till they reach the tank floor. In a crude oil
tank with a floating roof this can e.g. be realized by means of corresponding
25  lowering of the liquid level (pumping out of crude oil). The injected liquid can
be crude oil from the upper part of the circular-current-layer 5, fresh liquid or

crude oil from the upper resting level 6.

30 If fresh liquid or crude oil from the layer 6 is injected without liquid being

removed from the circular-current-layer 5 there will be a mass transfer in the



5 " Figure 1 shows, in a schematic representation, the idealized principle

of a liquid layer driven in a circle. The Figure shows a cylindrical
vessel 1 with a central axis 34 representing the center of the
current. TIR128Bsel 1 contains a 11%uid 2 which is divided into

| ayers. The layers 6.1 and 6.2 are |ayers of liquid 2 at rest

relative to vessel 1. Between these two resting |ayers there is a |ayer 10
5in which the liquid is in nmotion. The direction of notion of the |ayer is
i ndi cated by arrow 35. The |ayer noves in substantially circular form i.e.

there i 5 a ci rx%giPﬂe of UHe® Rhedr" lﬂlﬂﬁe fas Dt UeREndifye gaiddr! forxigveB4% Ghodlde

vessel ) circular current is a current w thout eddies or
t ur bul ence Thatherwisee mbt be fulfilede (Tnstedd: lof a ﬂisen¢ta§h@ﬂr ipani 0 3% @amoNes OR 4RSS

consi sts of ho onta on 1 onents Because t he
| ayer 5 noves é‘tffz“ 1?53 Wé‘cf g?ﬂ?lg g:é)ﬁdmgygonﬁéﬁrégtﬂc T8 30. 1

and 30.2 form between the resting Iayers 6 and the ci rcuI ar current-| ayer
5. As 20 mentioned above, Figure 1 describes an ideal systemin which
the frictidn on the shear planes is neglected. In reality, nost shear

pl anes are ch acte | zed b heari n b I
rel ati ve nove 5b§ﬁ%wﬁ8;/é%°eaﬂ¥ of & heﬂgaﬁ sﬁg'f g?@%ﬁ %éa?? P (lﬁnb%ﬁ
within the |ioighed. 1The fubthed | SxentplifiedsS diRbdtiment of Oméeﬁﬁwﬂuwbdé\a& am y
tangentially to the outer wall of vessel 1, may cause the 25

i deal |y bei ng hqueprnref enuide coil sedimenss) The glevige ﬂhé3{§ttW9HénQ9ﬁemp§?§‘r with; ¢
which is directly adiacent {9dil6 By id% bAY fbzsle 1 4RV Beifih 'H3hiskt di%he

e 10  end of the lances facing the floor of the crude oil tank 1. Supply lines 20, a
pump 26 and means 21 for removing oil by suction are also shown
schematically. The lances 10 are e.g. positioned into the openings in the
floating roof 4 provided for the supports and are lowered down towards the
floor of the tank 1 and locked in this position. Needless to say, that for the

15  actual, immensely large crude oil tanks a large amount of lances is to be used.

The injected liquid (here crude oil from the upper layers in the tank 1) is
pressed through the nozzles 11 into the sediment layer consisting of thickened

20  crude oil which gradually dissolves due to the contact with crude oil from the
upper region of tank 1.During the gradual liquefaction of the sediment layer
3 individual nozzles 11 and a part of the nozzle rows gradually becoming
larger emerge from the remaining sediment layer 3 and create a circular-
current-layer directly above the sediment layer which current layer

25  additionally accelerates the decomposition of the sediments 3. Only foreign
matter in the form of e.g. stones, metal pieces and most of all rust remain on
the floor and can be removed from the tank by means of a separate process.
The circular-current-layer which can now form without disturbance prevents a
renewed formation of a sediment layer.

30



undé_rstandi ng these secondary effects are neglected in what foll ows.
‘In Figure 1 the neans which introduce the necessary energy into the |ayer

30

her e

to be noved are not shown because the actual enbodi ment is not

| mpor t ant P1125E P1125E : -20 - -11-

anld it is the intention to show the principle of the circular-current-Iayer
only.

10

15

20

25

30

Figure 11 shows schematically a preferred embodiment of the inventive device
for carrying out the inventive method. The crude oil tank shown in section has
a floating roof 4 and contains crude oil 2 stored above a sediment layer 3.
The tank 1 is equipped with a number of lances 10 arranged as demanded by
the inventive method for creating a circular-current-layer above the sediment
layer 3. Only one Jance is shown in Figure 11 as an example. These lances
extend through the liquid layer 2 into the sediment layer 3 and down to the
floor region of the tank. The lances 10 comprise rows of superimposed
nozzles, which rows of nozzles extend from the end of thé lances facing the
floor of the tank to the liquid layer above the sediment layer. The lances are
designed and positioned such that they create a circular-current-layer 5, as

described in connection with Figure 3, above the sediment layer 5.

The other ends of the lances 10 protrude from the vessel and are connected
to a supply system which is shown schematically by means of a supply line 20,
a distributor 29, a pump 26 and means for oil removal by suction 21. Between

the means for oil removal 21 and the pump 26, a three-way cock 27 can be

provided. Depending on the position of the cock, fresh oil from a fresh oil

supply 38 or oil removed from the tank by suction is pumped and injected
through the lances. In such tanks, oil is not removed by suction at a location
in the tank wall but e.g. an immersion pipe. The means for removing oil by
suction as shown, only serve for illustrating how, for maintaining the mass
equilibrium, crude oil is removed from the driven layer (the circular-current-

layer).

Crude oil tanks often have floating roofs which float on the liquid surface and
have a distance from the tank floor which varies with the liquid level. In order
to prevent the floating roof 4 to sink right down onto the floor of the tank the
roof is equipped with stilt-like supports on which the roof is supported when



5 Because the circul ar-current-| ayer 5 conprises few eddies, i.e. has

cohponent s running substantially tangentially to the outer wall of
t he vessel, the energy needed for creating and naintaining this
current is PH2SE The current has a -21svmal | energy | oss because the
liquid mass in [ayer 5 noves honbgeneously and wi thout form ng

eddies. It is even possible for the user of the nmethod to 10 sel ect the
t hi ckness (or height) of the circular-current-layer or -colum by
using the inventive device and thus, the user has the possibility to brlng

only SuChnd 1oRild 16V ks 'Heﬂﬂdg uhﬁt'ﬁhé@fsia‘%ﬁ? BetW&iP rod :h{g fBbe On

respectively as 'S necessary s reduces t ener gy
consunption (e.then puhsmntlally copmspnn)isdb mbdmghttﬁnm& supparts. dhds advaatageous

consi der abl e de r.ee. ure 2 hemat [ cal |y shows t h, ain
doal | zed) pri AGIBFEALE t%peﬂewgﬁe tances rpehntis daspings provided 107 the
circular-currens CTA Bi IB@a:Ithﬁcgf‘by i nfite dEVibe 4§ fe kR U5 means ¢ of

| ayer 5 is substantially eterm e arrangenent of the ans
suppl yi ng the rpzpe cadaptam 022 tib mheedsﬂ]qub@l gdapted heo f difflerant ngpexmgsedonmmmn-

ener gy- sources 7 n_the, Fi gur t|on energ sour ar hown as
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accel erated or noved respectively by 't | on- ener gy-sources 7.

Here, nozzl es conngctionnwith2g lanqgupxpﬂpyarn§3nﬂle| sameerlmogy toobe Mseds yu wdifferemt t he

sense of Figure 2, are used Lo . adap{atx’oeCt drk % 9 minimum. The slotted pipe

10  adapters 22 may be reinforced and may replace the supports.

The nozzles or the ejection direction of the liquid jets from the lances
respectively can be oriented according to the inventive method in the most
15  various ways. E.g. the nozzles are orientated by orientating a fixed mark M on
the pipe adapter 22 on an angle scale 25 being stationary relative to the
floating roof. The orientation for the assembly of lances can be optimized in a
computer simulation. According to a calculated plan, the lances are then
individually orientated and locked. It is also possible to carry out multi-stage
20  operations in which, after a certain working time, part of the lances or all of
them are brought into different relative positions in order to achieve currents

of different character, e.g.for vessels of complicated form.

25  The adapter pipe has a slot S with a length adapted to the length of the
nozzle row in order for the liquid to be ejected out of the nozzles unhindered
even if the nozzle row is positioned within the adapter pipe. A possible
guidance between adapter pipe 22 and lance 10 is shown in Figure 11 by
means of a guide element 13. The lance adapter 23 forms a link between the

30 pipe adapters 22, which are different in size depending on the support
standard, and the lances 10, which can be designed to be one only size and



The present invention is concerned with the energy supply into the liquid
by 30 means of injecting liquid stemming from the resting |layers 6.1 or

6.2 or - advantageously fromthe circular-current-layer itself, which
liquid is pPéE25H P1125E -22- -12-

t hrough the nozzles by nmeans of a punp. This nethod is described in detail
I n connection with Figure 3. 5 The orientation of

~circular-current-layer 5 is substantially influenced by the
orientation of the notion-energy-sources 7. This orientation is visualized

in not being dependent on any support standard. This is a further reason why the

inventive device is comparatively cheap in production.

5  If desired, the lances can be moveable relative to the adapter pipe 22. With
such moveable lances, variations in the height of the liquid level do not lead
to displacing the lances 10 or the rows of nozzles on the lances 10 respectively
in relation to the tank 1 and to the sediment layer 3 lying on the tank floor.
Thus the lance system is adaptable to variations of the liquid level in the tank

10 1 in a most simple manner. No complicated readjusting needs to be carried
out. This, in a very simple manner, makes the method extremely maintenance-

friendly.

15 The lances 10 are pushed axially through the elements 23 and the nozzles 11
arranged in the lower region of the lances 10 are kept in the region of the
tank floor with the help of weight elements 12 which are e.g. attached in the
upper region of the lances. The mass of the weight elements 12 is adapted to
the mass of the lances 10 such that the lance 10 is pushed into the sediment

20  layer 3 without further effort or such that the lower ends of lances 10 remain
in the region of the tank floor when the liquid level in the tank 1 is lowered

or raised.

25  Figure 12 shows a section through an exemplified embodiment of a lance 10
with a nozzle 11 attached to it and through the pipe adapter 22. The
embodiment of the nozzle comprises a ball-and-socket joint for adjusting the
direction of the ejected jet 36 to a limited degree. A pipe with an external
thread and with a ball socket 25 is fitted to the lance pipe 10. The actual ball-

30 nozzle 50 is located in the ball socket and is held in position by means of a

union nut 51. It is advantageous if the dimensions of the lance-nozzle-system



the Fi'gure by neans of arrows 36. In Figure 2 the arrows are orientated
such that, viewing the vessel fromthe top, an anti-cl ockw se
circular current is created. The arrows point substantially in
flowing di PEX&5Eon, i.e. tangentially te280 the wall of the vessel.

The extension of the circular-current-layer 5 in |ongitudinal direction of
t he vessel 1 is substantially dependent on the extension of the

noti on-energy- 15 sources 7 in the direction of the |ongitudinal axis 34
of the vessel, which axis is at the sane time the center of the
current. In o L St Chine U un t 4l iBlel t 1S
advant ageous Féfj tﬁe&ng{aﬁg%?e%ggﬂg%%%ggsogmgr pre Jl&bteg'i s'ltiﬂr%ig'batt% ‘gsslﬁle
regul arly as posamndree they lanceshfromethghpipe tadapter diyumeansdoft prdling them upward.
circunference of the circular-current-layer 5 to be created. In Figure 2

the 20 not i on-energy-sources 7. are arranged in five rows of superinposed
sources at regul ar di stances. The Figure shows the principle
arrangenent only. Optinmum arrangenents are di scussed exhaustively in

connecti of wit Is impeetaot thitethe positigm|of dhé mgz#le glpes ot chagge e.g. ungergthee 3

shows, by neans,of a schematic fepresentation. the inventive .
principle of f’ﬁglef'ﬁ? eoitYIEﬁ’%fW’ Iﬁoﬁﬁpﬁ W@seagcwg?ﬁ QP{]X??HD (-,gn? 9‘[‘%&/8? %h%'f a
cylindrical Cinédfis Otd prétént 1 19dsbiing ©€Nthealunivn Snud4 ca®r Bé Ngsetlnelt Codn et
center

advantageous to increase friction between the ball nozzle 50 and counterparts

51 and 52 by rough surfaces or even teeth. It can also be advantageous if

10  these elements have a surface such as is found on untreated cast steel parts.

The elements shown in Figure 12 can be produced with a minimum accuracy.

The shown embodiment demands no special tolerances, apart from what
15  concerns the thread. Therefore, it is possible to use very cheap manufacturing

methods and cheap materials (e.g. St-37, GGT). It is evident that the cross

section of the lances need not necessarily be circular. It can be imagined that

the cross section of the lance 10, as described in connection with Figure 15,

can be quadrangular or can have any other form, as will be shown further
20  below.

Figure 13 shows a further embodiment of a lance-nozzle-system. It concerns a
lance 10 with two rows of nozzles 11.1 and 11.2 pointing in different
25  directions. The individual nozzles or at least one of the two in each row can
of course be adjustable, as shown in Figure 12 or can be designed to be rigid,
as shown here. The shown embodiment can be constructed simply and most

cheaply with tolerances in the millimeter range using standard profiles.

30



around which the liquid of the noving layer 5 flows in circular manner. 30
Lances 10 are immersed into tank 1 through the surface of the liquid. These
| ances reach down to the region of the floor of tank 1. The | ances 10
conmprise P1125E  P1125E -24 - - 13 -

rows of nozzles which rows reach fromthe ends of the |ances 10 facing the
floor of the tank to the shear plane 30. The nozzl es serve as _

not i on- ener gy- sources (7 in Figure 2). 5 In Figure 3
several |lances 10 are arranged regularly on a circle concentric to

the base area Pfpubde4'sAiNs ol BnboRRAGSE 3Pa FuRh&! isRBS-ASRAL-SHiM WHikh llowaXi S

of the nozzles 11 is orientated substantially tangentially to the
base area of tadjustment oft theknozeles bbawnoungs anf adjustingo axisee3. 1Thes body  whigh i nt o

the direction antmnr?s}'t?nQ actual nozzle 11 is a shaft piece with a corresponding bore

serving as nozzle 11 and with two lateral bores equipped with internal threads

5 and defining the adjustiﬂg axis 63 together with correspohding bores in a
rectangular pipe piece 61 fitted to the lance. Here, it is again possible to
exclusively use cheap standard parts and standard profiles and to work with
production tolerances which are a lot less tight than is usual in general
mechanical engineering. This embodiment allows adjusting the nozzle

10  direction horizontally by turning the lance around its longitudinal axis
(indication by mark M on scale 25) and vertically by turning the nozzle
around the adjusting axis 63.

15 Figures 15 A, B, C show the exploded (Figure 15A) and assembled parts
(Figure 15B) of a further embodiment of a lance-nozzle-system according to
the same principle as described in connection with Figure 14. This
embodiment has been simplified such that the process for manufacturing the
lances is as simple as possible. All used elements such as rod material 60,

20  hollow support 61, bolts 62, plates 70 and U-profile 71 are standard elements
or can be manufactured simply from standard profiles (e.g. profile made of
weldable steel, such as St-37). The plates 71 are fitted to the U-profile and
the sections 61 of the hollow support are fitted to it by means of weld points
72, the bored nozzles 60 are bolted in. The foot piece of the lance is closed

25  with a plate 71, thé upper part of the lances closed with a corresponding long
plate 71 as a side wall, the elements for the liquid supply are mounted and
the lance is completed. Here it is again possible to work with very broad
manufacturing tolerances (Figure 15C). E.g. a gap 73 of several millimeters
between the disc-nozzle 60 and the rectangular piece 61 of pipe is permissible

30 .because this does not substantially influence the total function of the lance.
When welding the individual parts together it is sufficient to do this with



10 of the circular current. The ends of the |ances protruding
out of the tank are connectable to a supply system which in Figure
3 is schematically shown as supply lines 20, a 15 di stributor 29, a punp
26 and a suBti25E neans in the region of -26e noving

circular-current-layer. Thus, it is possible to suck liquid fromthe

circul ar- current-layer and to punp this liquid into the individual
| ances 10 from where |t can be re-injected into the noving |ayer 5
t hrough the.nozzles 11. The liquid 2 which is punped through a
- nozzl e creat esygy i ecmﬁﬂts f
~the lances 10 are d‘}eﬁu sﬂoug\g to tﬁz (fomcﬁ}cgﬁg"‘@logé!d I n t g%ﬂ‘%%ﬁ@n‘%ﬂ and
ori entati on asthéemvs dfembzales\are nobtrequiredner gy i s i ntroduced into the
| ayer 5 in such a manner that, at constant punp power, 25 after a

certain tine, a substantially stationary circular current, as described in
connection with Figure 1, is created with the difference that a | ower

resting | ayer (6.2 in Figure 1) cannot formdue to the arrangenent of
the | ancesS  Figunecls cshqgsmn mxgmpb 3>f asi en;bwdqeleatr refhgedance d@swhicheds i n

Figure 3, a flmgqeéa% g g@%ﬁvely cons c tac.imn%r nozztl s°11 ar?d %rx%ﬁahegyat

t he bottom of
flexible tube 81 being connected to the rigid part of the lance 10 via a hose

coupling 80. The rigid part with the rows of nozzles is guided in the pipe
adapter 22 with the help of lance adapters 23 and guide element 13. The

10  adapter pipe 22, which is matched to the standard support openings of the
concerned country, is slotted over its whole length for introducing or removing
the lance 10 from the top. The advantage of this kind of design or a similar
one is its reduced weight and the fact that the stiff part of the lance is
considerably shorter than a whole lance consisting of stiff material. Therefore,

15 it is a lot more simple to handle (transport, storage, assembly). Again,
standard components can be used for the stiff part of the lance with the at
least one row of nozzles and standard flexible tubes 81 with standard
couplings 80 available on the market.

20
It is important that the length of the stiff part of the lance is larger than the
difference between the maximal liquid level H1 and the minimal liquid level
HO in order to make sure that the lance 10 is guided through the adapter pipe
22 at any liquid level.

25 '

Figures 17 A and B show two embodiments of nozzles which can be closed or
blocked respectively such that no distinct liquid jet can escape from the nozzle
11. In Figure 17A an embodiment is shown with the principle described in
30  connection with Figures 14 and 15. The disc nozzle 60 is blocked in a position

in which no distinct liquid stream can be formed. The disc nozzle 60 in the



P1125E°
the quantity of lances 10 shown in Figure 3 nerely

-14- The arrangenent and
show the princi

of the inventive device for creating a circular-current |ayer. Cru
oi | tanks hRVE5SE di aneter between 30 and2600 m It is evident that with
such di mensi ons many nore | ances nust be positioned for creating a

circul ar-
punpi ng i s as soon

5

current-layer. It is evident also how essential energy sav
as such large amounts of liquid are to be punpe

Figure 4 schematically shows the orientation principle for the nozzles.
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tolerated. It is evident that nozzles can also be closed with other simple
means. E.g. covers can be attached to the nozzle openings or a pipe nozzle 55
can, as shown in Figure 17B, e.g. be sealed with the help of a union nut 56

serving as cover.

Figure 18 schematically shows an embodiment of lances 10 with two rows of
nozzles, which nozzles 11.1 or 11.2 are orientated in substantially opposite
directions. The primary rows of nozzles 11.1 on the lances 10 are arranged
such that they create a circular current around the main axis 34 of the vessel
in a lower layer 5. The secondary rows of nozzles 11.2 are located directly
above the shear plané -and contain. at least one nozzle 11.2.They are oriented
on a direction substantially opposite to the direction of the nozzles of the
primary rows, i.e. the liquid ejected by these nozzles 11.2 moves the liquid
mass directly above the shear plane 30 and for the support of this shear plane
in the opposite direction to the circular-current-layer 5. These secondary
nozzle rows are advantageously substantially smaller, i.e. contain less nozzles

than the primary nozzle rows.

As mentioned earlier, due to the inner friction of the liquid it is in practice
difficult to create an ideal shear plane. The orientation of secondary nozzles
11.2 shown in Figure 18 can, however, considerably facilitate the formation of
this kind of distinct shearing plane. If a very thick layer 6 is positioned above
the circular-current-layer 5 it can, regarded from the energy point of view, be
of advantage if movement of the layer 6 is prevented by crating a distinct

shear plane as described above.



current center 34. The jet direction is shown in a somewhat exaggerated
angl e 15 and is denom nated with vector R divided into a vertical

conmponent err], a hori zontal, tangential conponent Rierr] (parallel
to the currBhi23B ne) and a hori zont2Al-, radi al conmponent R[err]

. (perpendicular to the current line). 20 The conditions for orientating

' the nozzle and for carrying out the inventive net hod are the

. foll owi ng: - Vector R has an optional vertical conponent R err] or
a conponent directed ort hogonal | y downward. 25 - Vector R

has a hori zont Fgure390&Mkinaticaly "BRSVWA theRpAAdiple Y8 Shbokiitent pf lances with

conponents of all nozzles of the systemhave the sane sense of rotation
rel ati ve to thsuctionr means @it &¢ is ad@mtageous \if ¢heosuiionameany dforn the rdegerived| |

. radi al conpone codNiiS. copponent i s . horter than the
hori sontal t aRt; o UEITHR Rmersion pipes ReRRIiAg) dftough fhe tank roof.

For not disturbing the circular current, it may be advantageous to design

5 several suction means such that they even contribute to a certain degree ‘to
the formation and maintenance of the current. The suction pipes can e.g.
comprise, as shown in the Figure, in the same way as the lances comprise
nozzles, superimposed suction openings positioned in the circular-current-layer
such that the rows of suction openings are oriented substantially downstream.

10 By sucking liquid into the suction openings, the liquid is accelerated and
moved accordingly. Thus, by using this kind of immersion pipes directed
motion energy can, similarly as with the lances, be introduced into the liquid

and thus the efficiency of the whole system can be increased.

15
Figure 20 shows in a qualitative diagram the inventive method for removing a
sediment layer in a crude oil tank. The representation is designed for better
understanding of the method and is purély qualitative. The following
simplifying assumptions are made:

20 | |
- No fresh liquid is introduced at any time into the method.

- The circular-current-layer is an ideal, friction-free current, which is
limited by an ideal shear plane. -
25
-  The circulation of the liquid only takes place in the circular-current-layer,
i.e. the liquid which is injected into the sediment layer originates from the

circular-current-layer.

30 - The diagram bases on the embodiment of the method according to Figure
11. '



P1125E - 15 - - bet ween t he

tangent on circle 7 and the horizontal projection of Ris at t he
nost 45[err]. 5 Figure 5 shows a top view of a vessel with circular
base area of1125Bor respectively an@8with a current center 34

ext endi ng perpendi cular to the center of this base or floor. However,
It must be taken into account that with radii of up to 50 mthe
curved current lines look like straight lines in smaller segnents and
that the arrows | ook exaggeratedly large in this Figure of a 10 vessel

5 with a radius of a few centineters. However, they correspond to about
the double of the ejection capacity of the nozzles such that the successive
formation of tHee @¥ey éhthecdisgtam \ase |deppminajpdy.as follows: t denominates the time

axis, h the height above the tank floor and k stands for the sediment
concentration. The diagram contains three important regions. Firstly region 98
5  which describes the actual sediment layer, secondly region 97 which describes
the conditions in the ideal circular-current-layer and thirdly region 96 which

describes the resting layer above the circular-current-layer.

10  As this resting layer is protected from the circular-current-layer by the ideal
shear plane, i.e. substantially no mass currents leave this layer or enter it
nothing will change concerning the sediment concentration. Area 90 is a
horizontal plane representing the sediment concentration k on the liquid
surface. Area 91 describes the sediment concentration k from the lquid

15  surface down to the shear plane remaining constant. The courses of area 90

and 91 do not change with time.

The horizontal area 92 represents the sediment concentration in the shearing
20  plane. Its height h the same as the altitude of the shearing plane above the

tank floor. It is evident that the sediment concentration k in this layer changes

with time. This is due to concentration k in the circular current layer

constantly rising with time due to the dissolution of the sediment layer, which

fact is also described by area 93 which visualizes the concentration k in the
25  circular-current-layer above the sediment layer.

The horizontal layer 94 represents the concentration k in the sediment layer.
The height of the sediment layer decreases with time and corresponds to the
30  medium height of the sediment layer at each point in time t. It is the object of



15 ~ Over the base of the vessel, a plurality of vertically positioned

lances 10 is arranged on concentric circles in a substantially
regul ar pattern. The ejection directions through the nozzles are al so
shown or t hB11SE zontal conponents - 281 of these directions

respectively all of them being arranged tangentially and

anti-cl ockwi se (no conponent Rierr]). The shown nozzl es can be i ndivi dual
20 nozzl es on each | ance which are then advantageously arranged at

di fferent hei ghts or they can be arranged in rows and be orientated
all in the sanphe methoddid UWsbIRE thethitREMMY sehifrleAUN§ed. THHSis WERIEVES afidd abC
directed, apart from hori zontally (parallel to the floor), downward
in identical orentiinftimen3 andgtdhis point inf tme]aredst 94rand 198 disappéari ent to
arrange nozzles only on the outer third of the vessel 25 radi us such that
a closed current is first created in the region of the vessel wal |
whi ch then gradually expands inward. In order to influence the inner
region the nozzles can be radially orientated instead of tangentially such

t hat 5t helfc ther injeated oliquidhgap sleseribed t ine connection wisht Figuret 28, odginetesi n a
radi al TR the glq'cular-cmrent-lg%xl' 235if, then a mass equilibrium develops in the©"

moving layer, i.e. a circulation process takes place. If the liquid is injected
from the resting layer above the circular-current-layer through the lances and
the nozzles attached to these, then, if no corresponding amount of liquid is

10  withdrawn continuously from the circular-current-layer, a mass flow into the
region above the circular-current-layer must take place, which mass flow
makes the formation of a distinctive shear plane on the upper border of the
circular-current-layer more difficult.

15
Concerning energy, it may be advantageous if the injected liquid is taken from
the circular-current-layer because thus the continuity equation in the circular-
current-layer is fulfilled. The thinner the circular-current-layer to be created
the less mass must be brought into motion and the less energy is required.

20  Thus it is advantageous to make the circular-current-layer as thin as possible
by raising and lowering the immersion pipe for removal of liquid to be
injected.

25 In a preferred embodiment of the method, only as much mass as necessary is
brought into motion to form the circular-current-layer, i.e. a volume of crude
oil .of the size which is required to dissolve the volume of sediment 3 on hand.
This minimal volume is determined by the maximal capacity of the injected
liquid to take up sediment material. With the help of this saturation value, the

30 minimal volume of the circular-current-layer in the case of the mentioned

circular-current-layer-circulation can be determined. Because in this



Fi gtjre 6 shows the possibility for creating a distinct liquid current with

the - hel p of the inventive nmethod with 'steady' |ances 10. It nust be
taken into account that with the i mmense di nensions of crude oi

tanks the dUlged current lines | ooRO0Fike straight lines if, as

menti oned above, only a section of a 5 few neters of the sanme current is
| ooked at. For this reason, the main flow direction achi eved by neans
of the correspondi ng arrangenent of the |ances is shown curved or not
curved respectively in Figure 6. 10 The | owernost part of a |ance

arrangenent ofcifonlatiohadigeid &Q. from Ghe? uppé: Begiotil 6 of the diftudaricarrehrlager 5,
schematically., The nozzJes 11 arranged above, each other form T rows
nozzl es ext endsnigiegted: |‘£”8P‘3‘§/ nezzese 15 enta handder o | the ctedimentflayen 3 the

faces the flo <ot : a ?93@@1 i!agg..T L aui d

pressed O%ﬁ‘tgﬁglf r}?ﬁé@%\&;zf?-%ghg%at etd{ageerz I on gﬁll}{ he Iilauélﬂg jet are

shown by neanscupfentfayer ar5: oFhe 36edifiont oluyey, 3i is | graduallyi ndissdlvednandl thé th a
cording to the nozzle formwhich is

| arger or snaller opening . angle a 4

f or med whe‘?m tH@“P?"ﬁ{)i’Pﬁni Of sedinaeny %ateﬂa?oaqlviq Qi 1t @Hde) Pib Fisesfup; ke the
nozzlesinFigé&.‘ﬁ, e i adi [ Ay doqi et | ate
to the cone axes, l%emgé}?&g{aﬁ%\f%fs%ﬁﬁo%gﬁﬁﬁgv%%rh% (;}rlémggtywﬂ gaﬂsf?é%&fé‘?

funnels. 20 crude oil is reached before this the remaining sediment layer 3 is not
dissolved any further.

of

10
The length of the nozzle rows on the lances 10 substantially corresponds to
the thickness of the circular-current-layer 5 and can be matched to the above
mentioned calculated minimum thickness by wusing lances 10 with
correspondingly long rows of nozzles 11. In order to avoid special

15  manufacture of such lances 10 the individual nozzles can be designed to be
blockable, i.e. by providing means as described above for preventing liquid
from being pressed through specified ones of the nozzles 11. Thus, it is
possible that only a lower part of the nozzle rows, adapted to the circular-
current-layer to be created, is active and the nozzles 11 of the upper part are

20  closed or blocked. The suction means 21 can be designed as an immersion
pipe with an adjustable height mounted in the roof 4 of tank 1 and also
adapted to the thickness of the circular-current-layer 5.

25 Further variants of the described embodiments of the inventive method and

the inventive device are e.g. the following:

- The lances comprise nozzles with different orientation, whereby the
orientation of each nozzle fulfills the given conditions for current

30 formation.



The arrows 36 of two adjacent |ances (10.1 and 10.2 or 10.3 and 10.4
respectively) not only have a conponent in direction of the main current 37
but al so a conponent directed towards the nain flow ng direction. The 25
ejected |igRlk25Bf | ance 10.1 thus neets-8he liquid jets of lance 10.2 in

the region of the main current and accelerates the liquid in this

region. The supplied energy decreases with the distance that the

| i quid noves away from the lance. At a distance fromthe lances 10.1
- and 10. 2 where the driving energy has decreased to a high degree, a

further pair of | §%698nck?-ade pshchéd4 30 is positioned in the liquid in

t he sane manner as |ances 10.1 and 10.2, such that the desired main

current 37 is nmintained or, dependlng on the distance P1125E

coﬁ?se of the mai H‘ﬁt mﬁgzgleshe pal an e%f n° tekible 'psresgur%n t&%ge#oq,r ?Jpﬁgrt g@i‘ﬁg

positioned in guide pipes having slotted windows for the nozzles. This

5 embodiment allows diameter adaptation to the support openings with one
only standard part carrying the nozzles. Furthermore, the lances become
cheaper.

- The method is not applied for removing sediments but for preventing
10 sedimentation by keeping the lances constantly mounted in the supports
and by periodically ejecting liquid and temporarily creating a current.

The diagram in Figure 20 describes a system with ideal circular-current-layer,
15  i.e. with a distinct shear plane. It is evident that in reality transverse strain
develops in the shearing plane and this is transmitted by inner friction in the
liquid to the ’resting layers’ 6. In reality, a speed profile will also develop in
the layers 6. i.e. the liquid masses described as resting layers also move
slightly. The model of the ideal circular-current-layer however, is used as a
20  basis in the discussion of the invention for better understanding and as

simplification.

The main advantages of the inventive method compared to the state of the art
25  are the facts that the device required for carrying out the method operates
without moving parts positioned under the surface of the liquid. The pump
only contains parts moving in operation. Furthermore, no means for rotating
the lances are required. The lances are of very simple design and thus can be
manufactured cheaply and without precision (tolerances in the millimeter
30 range). The device may consist of cheap material, e.g. steel-37. Due to the

simplicity of the design the inventive lances are a lot lighter than rotation-



current 37 is influenced by the geonetric arrangenent of the pairs of

1 ances (10.1 and 10.2 or 10.3 and 10.4 respectively) and by the
pressure of the injected liquid. Thus currents can be created in a
tank with B1&®5ul ar base or 5 a bas&2of different shape. | t

shows that in a crude oil tank of a dianeter in the range of 30 and 100 m a
jet range of nore than 5 mcan be achieved within the crude oil using a 10
ej ection pressure of 5 to 30 bar. Therefore, it is advantageous to maintain
t he di stances between the |lances, in particular the tangenti al

di stances bet \@@BEs and thud hforé dithsie 10 Behhahdldd and AB&esusceptibled to nielcHatical 7
shows a further top view into a vessel in which lances 10 with nozzles

are arranged damaganeigavhon deingomounted, drhey| arpevery simplenfo openate amb Hieyby
means of L 0 o ent to be created. The nozzles of the’
| ances of tmdot}w%&agée}%ﬂcwteeggﬂ ines are each orientated slightly
towards each other (wth radi al conponents directed towards each

ot her, as _shown in Figure 6) such 20 that between the current lines of a
pai r of | &nces a main current devel ops. '

By largely avoiding unnecessary formation of eddies, which, however, is

looked at as an advantage of rotation-lances, a considerable amount of
pumping energy can be saved which makes it possible to use lighter, mobile
and cheaper pump units; additionally, the lances are lighter, which increases
10  mobility. Furthermore it is evident that these arrangements, the device (lance)
as well as the method (nozzle orientation) require no precision. The whole
technique is robust and comprises, as mentioned above, cheap lances and a

very simple operation of the method for achieving the desired effect.

15
It is also advantageous that the tank to be treated must not be emptied. As
soon as a sediment layer has formed the lances can be installed at a given
liquid level and the current can be generated. Meanwhile the tank can remain
in full operation; crude oil can be added or removed. Due to the relétively

20  lightweight equipment. and the possibility of the use of standard lances (i.e.
high numbers of identical lances) in different applications the system is
extremely adaptable; e.g.lances from different appliances can be combined or
exchanged. Furthermore, the fact that the method can operate perfectly
without complicated and expensive control is very advantageous. '

25

The inventive method -for recovering crude oil from thickened crude oil or
from its sludgy to compact sediments in vessels in which crude oil is stored
and/or transported by treating the sediment with crude oil or refinery
30  products as a solvent and at least partly liquefying and dissolving it whereby

the solvent is pressed out of nozzles in order to form a current which erodes



Fi gure '8 shows, by neans of a top view, a vessel which does not have a

ci rcul ar base but an oval one. Wthin the vessel, vertical |lances 10 with
25 nozzl es are arranged. The |iquid current to be created by injecting
~liquidis Pl125Eagain closed in itsel'f add-for covering as much of the base
" area as possible it I's not arranged around a current center but
~around a 'rotation area' 34. The | ances are substantially arranged on
. inner current lines S[err] and outer current lines Sa of this liquid
- current and the nozzles are orientated such that the 30 correspondi ng j et
- directions hav@ea shfifriea Nt . diSSONGSNH A5 £ TRONAR! 1B[ll?ds§zb1eanﬁ; @ubstRatnerr

. horizontal radi al conponent R[err] wher eby the radi conponent
' the pohppmyerized by creating a plurality of directed] diquid solvent Jetsobmhgs IS

Conponent R e e 8 SRRCHaBGLSHlcecded oG] SRR bR IR s e

line S[err]. the surrounding medium sectionwise in a mutual dlrectlon, bring it into

5 motion and unite with this medium to form a mutual current.

The device for carrying out the method substantially consists of a hollow body
connected to supply means for a liquid and comprising nozzles through which

10 the liquid is ejected under pressure. The nozzles are arranged over a part of
the length of the device whereby a plurality of nozzles is arranged radially
fixed and at a distance from each other, the nozzles being orientable or being
orientated such that liquid jets can be created of which jets at least a part is
substantially parallel.

15

An arrangement of inventive devices for carrying out the method in a vessel is
such that a plurality of nozzles is positioned in nozzle pairs on each one of a
pair of current lines (S/S,)) of a current to be created and such that the

20  nozzles are orientated with a horizontal, radial component (R) of the
injecting directions of the nozzles of one pair being directed in an acute angle
towards each other and between the nozzles of a further pair following
downstream. Thereby, the liquid jets drive the surrounding medium in a
mutual direction and unite with it to form a mutual current. One or several

25 pumps are connected to the lances for supplying these with liquid. For
supplying the pump or pumps with liquid, one or several immersion pipes are
provided, the suction side of the immersion pipes protruding into the layer to
be made to flow or connections for sucking liquid from outside the named .
layer are provided.

30



5 Wth the arrangenment shown in Figure 8 a main current is
bet ween the inner and the outer current |ines, whereby ”mm m """III"IIII
wel | ®of s *

form ng of eddies in the region of current area A al ong thet

t he vessel Rld2pEevent ed which meandd t hat the punps use | ess energy.
10 Figure 9 shows a schematic representation of a crude oil tank 1 -
with a sedinment layer 3 at the bottomof the tank 1. The Fi gure shows
an exenplified enbodi mrent of the inventive nmethod and the inventive
devi ce for | i quefaction of crude oil sedinents. 15 On their

one end, the lances 10 (in Figure 9 only one |lance is shown as an
exanpl e) have one nozzle 11 only, a small nunber of nozzles 11 or -a short
| ine of nozzles arranged cl ose together and they are not introduced into
t he 20 sedi nrent | ayer but only rggggAi to its surface. The

circular-current-layer 5 ext t he sedi nent surface and the
current erodes and gradually di ssol ves the sedinent. During the

di ssolution of the sedinent |ayer 3, the | ances 10 are | owered step
by step till they reach the tank floor. In a crude oil tank with a
floating rqof thi ceal | zed by a or poprdin 5

| oweri ng o1a't he Il?la’g‘l%g ?%%&cg?%%fr%icﬁé&o@?l g%c?@ﬁggngﬁl ’.[“%%hgﬁiéﬂ g‘?ﬁ‘ed

l'i quid can sludgy to compact sediments of crude oil in vessels in which crude oil

is stored and/or transported by treating the sediment with crude oil
or refinery products as solvent and at least partly liquefying and
dissolving it, whereby the solvent is pressed out of nozzles in order to 5
form a current which erodes the sediment and dissolves it as far as it
can be dissolved, characterized in that from stationary and fixedly
orientated nozzles, a plurality of directed liquid jets of solvent is
created, which nozzles are orientated such that the liquid jets drive
the surrounding medium sectionwise in a common direction and 10

move it and unite with it in a joint current.

2. Method according to claim 1, characterized in that a liquid current
flowing substantially horizontally is created in the liquid above the 15
sediment layer (3) by injecting the liquid to be injected into the crude
oil (2) resting above the sediment (3) from a plurality of nozzles (11)
directed in the same sense, whereby the injection direction (R) of all
nozzles is substantially horizontal or slightly inclined towards the

* floor of the vessel and comprises a horizontal component (R) 20
tangential to the radius of the vessel which component is tangential
to a current line of the liquid current and pointing in the current

sense.
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be crude oil fromthe upper part of the circular- current-la
~liquid or crude oil fromthe upper resting | evel ﬂ"lmmln Iﬂ "Illausl“'
liquid or crude oil fromthe layer 6 is injected W|thout i qui d¢betngt S
renoved frgpghRe circular-current-layerzs_there will be a nmass transfer in
he P1125E -19- regi on of "the
shear plane as the continuity equation for level 5 would ot herw se
not be fulfilled. Instead of a distinct shear plane 30 a nore or |ess
diffuse and | ess distinct transition region may formin such a case.

3. Method according to claim 1 or 2, characterized in that above- the
sediment layer (3) a substantially horizontal liquid current more or
less closed in itself is created by injecting the liquid from a plurality
of nozzles (11) arranged above the surface of the sediment into the
liquid resting above the sediment (3), whereby the injection direction 5
(R) of all the nozzles is directed downward at an angle of 0 to 10
degrees in relation to the vertical and comprises a horizontal,
tangential component (R,) which is orientated tangentially to a
current line of the liquid current and in the current sense.

10

4, Method according to claim 2 or 3, characterized in that the direction
of injection of at least part of the nozzles has a horizontal, radial
component (R) which is smaller than the horizontal, tangential
component (R). 15

5. Method according to one of claims 1 to 4, characterized in that a
substantially horizontal liquid current in form of a circular current
around a current center (34) is created by .a plurality of 20
correspondingly positioned ejection points.

6. Method according to claim 5, characterized in that a predetermined
layer in the liquid column of the vessel is stimulated to a circular 25
current which forms a shear plane to other sections or layers such
that these other sections are substantially undisturbed by the current
and stért flowing themselves.

30
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5 CFi gure 10 Shﬂ)MSSH&MHiEB&ﬁ ac&l-SChematic section throug {
cr.ude oil t ank enplified enbodinent of ﬂl | E" IIII
devi ce for quu de oil sedinents. The devi s

‘] ances 10, &ddBSEith nozzd s-conprising at | east one nozzle
11 and being arranged on the 10 end of the lances facing the floor of the

ccrude oil tank 1. Supply lines 20, a punp 26 and neans 21 for
‘renoving oil by suction are al so shown schematically. The | ances 10
‘are e.g. positioned into the openings in the floating roof 4 provided

for the supports Mﬂﬁﬂeaé:&‘l’ﬁf[{gdtodeﬂmo?%%gsl 1, charactérkﬁarmoﬁla{hﬁeta”k 1

and | ocked in this position less to say, thaf for the 15 act-ual ,

i mrensel y | arge crliqidd ofrivingrthe curteat gie takenufromfthe alayers with the irculsed.

The injected liquid r[{%@re crude oil fromthe upper layers in the tank 1) is
- pressed through t '8"¥8%z1 es 11 into the sedinent | ayer consisting of

t hi ckened 20 crude oil which gradually dissolves due to the contact with
crude oil fromthe upper region of tank 1. During the gradual
-Iiquefaction of the sedinment |ayer 3 individual nozzles 11 and a part

e ni ng. <&ai mon MUPE; SepokiiE CRIRR of cltimg 1T, oRBRIREHAIOR, Bl e

- directly above t heliqfdiigenide oil & dVkéfiers Prédict dndykds 2 Bame 61k tsirfaliad | Y
-accel erates the deconposition of the sedinents 3. Only foreign matter

in the form of e.gconsensration raft Eompengptss ‘ﬁnblgh@fstm@?'c'-ﬁm weight {thamaithe on
the fl oor and can s of a separate process.
~The circul ar- curre&ﬁd# %yoeﬁ%gngﬁn#o&gn%gﬁ ormgﬁ?ﬂout di st ur bance prevents
a ' 10

9. Device for carrying out the method according to one of claims 1 to 8,
which device comprises at least one hollow body with a connection
for supplying it with a liquid and with nozzles (11) for ejecting the
liquid under pressure, characterized in that over a part of the length 15
of the hollow body a plurality of nozzles (11) are provided the
nozzles being arranged fixedly and distanced from each other and
being directable or directed such that substantially parallel liquid jets
can be created with the aid of at least part of the nozzles being joint.
20

10. Device according to claim 9, characterized in that the nozzles (11)
comprise means for changing the direction of ejection and are
~ arranged on substantially vertical, hollow, pipe shaped lances (10) to 25
be introduced into the vessel.

11. Device according to claim 9 or 10, characterized in that the vertically
arranged device resting on the part facing the floor of the vessel has 30

an ejection direction (R) of each nozzle (11) orientated horizontally



X

renewed formation @his Shest@ 0k BRA RepIRYES - P1125E
3 20- Fi gur emat | cal ly a preferred enb““lm “"“{L“Ma“l“l
i nventive device : JIIIMM”FW g out the inventive nethod

t ank showPil258ect i fl oat3A@g roof 4 and contains crude oil

stored above a sedinent |ayer 3. - The tank 1 is equipped with a nunber
of lances 10 arranged as demanded by 5 the inventive nethod for creating
a circular-current-|ayer above the sedi nent | ayer 3. Only one | ance
is shown in Figure 11 as an exanple. These | ances extend through the
liquid layer 2 i dwifvarg dhi Rt ¥e 3 é“\i% r region
of the tank. Thegfg%ces (h:orrpna}sl r(E)C\rNsaﬂ‘?dhup |rr%8}slgﬁ‘tal’ tangethrléfz%gl es,
whi ch rows of noz:mhpmemxte(lm) fpanailelhetoend tiuitih esurface e swhilghc i Ingrizohtal 10
floor of the tank to UId | ayer above the sedi nment I?ytgr. _Thg | ances
are desi gn&APg p(‘ig P@ﬁ?édl G{r}ge{l t @ hiyrugient, ine, of “the liqui
circular-current o 3%f" 1> beddriven, is orientated in flowing direction and is larger
than a horizontal, radial component (R). '5
12, Device according to one of claims 9 to 11, characterized in that the

lances (10) comprise on their ends facing the floor of the vessel at
least one row of nozzles (11) extending over the lance length, the 10
nozzles being arranged at a distance from each other, which nozzle
row has a length of between 2 and 5 meters such that part of the
nozzles (11) are positioned above the sediment surface when the
lance rests on the floor of the vessel.

15

13. Device according to one of claims 9 to 12, characterized in that a
guide (22) is allocated to each of the lances the guide being slotted at
least in the outlet region of the nozzles and the lances (10) being
arranged in the guide and being adjustable for nozzle orientation 20
with the guide by being pivotable around their longitudinal axis.

14. Arrangement of devices according to claims 9 to 13 in a vessel
 wherein a plurality of nozzles (11) is positioned in pairs on each 25
current line of a pair of current lines (S/S,) of a created liquid
current or of a current to be created and wherein the nozzies are
orientated such that a horizontal, radial component (R)) of the
injecting direction of one nozzle of a pair of nozzles positidned one
on each of the two current lines is directed in an acute angle towards 30

the injection direction of the other nozzle of the pair and between



descr bed in connecﬂh@ﬁheailﬂalaBFqn plv@@ above the sedinment |ay

Thé ot her ends of the trude fromthe vessel and ﬁllmlmmm m“l“"'
to a supply si/stemvvh cherratl caI |y by means of a supplyt

20, 355 i but or 29 a purrp 26 and8means for oil renoval by suction

- 21. Betmeen the neans for oil renoval 21 and the punp 26, a three-way
. cock 27 can be provi ded. Depending on the position of the cock, fresh
' oil froma fresh oil .20 supply 38 or oil renoved fromthe tank by suction
' is punped and i njected through the lances. In such tanks, oil is not

. renoved by sucti Ofhéitnodzle® GGt h Oftrther pair FolldWAng adUwndBedm D the Slidhid 3ets

' imersion pipe. The means for renoving oil by suction as shomn onIy

~serve for illustrariving thewsurreynding rmegdivmnin arm@mmgrs direction eandi

R REC Y vtV ey o

the liquid surfacavignllquid one baeveRaldpihpyar f:dilﬁfébﬁeﬂetd theklahte@OsindMérc h
varies with the liquid level. In order 30 to prevent the floating roof 4
to sink right dowsupplyiagtithe PUmBproropumpe: Withkquide one or seversl immessionppeti

with stilt-like 5%’&9%@ a?ﬂm@@d Wik i 9%kioh Ssidd BRAEHES WAL layer to be

made to flow or connections for sucking liquid from outside of said

layer are provided.

10
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-21- the liquid | evel sinks

bel ow a m ni mum The distance between roof and fl oor t hen

substanti al |
to introduck

fl

position the | ances 10-t#rough the openi ngs provided for

t he supports. A big advantage of the inventive device is the fact
- that by neans of 5 pi pe adapters 22 it can easily be adapted to

- different openings for such

supports as being standard in different

. countries. The use of this kind of very simpl e, cheap and
| mai nt enance-free pi pe adapters allows, when applied in connection
' Wwth a | ance adapter 23, the sane |lances to be used in different

; countries and it

| adapters 22 may be reinforced and max}ﬁeghageAﬁ supports. The
e Il qui

- nozzles or the ejection direction of

10

15

ets fromthe | ances

The inventive method and the inventive device serve for liql;efaction of sludgy
to compact sediments (3) in vessels (1) in which crude oil (2) is stored and/or
transported, whereby a liquid is injected above the sediment surface via
nozzles (11) under the effect of which liquid the sediment (3) is at least partly
liquefied or dissolved in the liquid such that it can be removed from the
vessel (1) together with the liquid. For this purpose a substantially
horizontally flowing liquid current which is possibly closed in itself is created
above the sediment surface by directing the injection through all nozzles (11)
such that the injection direction has a horizontal component which is
orientated tangentially to a current line of the liquid current to be created and
is orientated in flowing direction. The injected liquid is crude oil or a refinery
product and differs from the lowest levels above the sediment in that it

comprises a smaller share of heavy components.

(Figures 9 and 11)

b’

responds to the height of the supports. It is advantageous

reduces adaptation work to a mninum The slotted pipe 10



- TRAE844~!
_resﬁectively can be oriented according to the inventive nethod in the nost

15 various ways. E.g. the nozzles are orientated by orientating a fixed

mark M on t he pipe%@?apter 22 on an angle scale 25 being stationary
relative to the f I oaki ng roof;_igz éitpntation for the assenbly of

| ances can be optimzed in a cormput simul ati on. According to a

cal cul ated plan, the |lances are.then individually orientated and

| ocked. It is also possible to carry out multi-stage 20 operations in

whi ch, after a certain working tine, part of the lances or all of

them are brought into different relative positions in order to achieve

currents of different character, e.g. for vessels of conplicated

form 25 The adapter pipe has a slot Swith a |length adapted to the

| engt h of the nozzle row in order for th iquid to be ejected out of

t he nozzl es unhi ndered even if the no e rowis positioned within

t he adapter pipe. A possible gui dancg’ bet ween adapter pipe 22 and

| ance 10 is shown in Figure 11 ans of a guide elenent 13. The

| ance adapter 23 forns a |ink begween e 30 pi pe adapters 22, which are
different in size depending on tthe support standard, and the | ances

10, which can be designe '

1
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—
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P1125E -22- not bei ng dependent on-.
any support standard. ThIS s a further reason why the I nventive
device is conparatively cheqp i n production. 5 | f desired, the

| ances can be noveable relative to the adapter pipe 22. Wth such
.nmoveabl e | ances, variations in the hei @t 8f the liquid level do not |ead -
to displacing the lances 10 or the ro ? nozzl es on the | ances 10
respectively inrelation to the tank 1 and to the sedinent |ayer 3
‘lying on the tank floor. Thus the | ance systemis adaptable to
variations of the liquid level in the tank 10 1 in a nost sinple manner.
"No conplicated readjusting needs to be carried out. This, ina very
"sinple manner, nmakes the nethod extrenely maintenance- friendly.
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15 The | ances 10 are pushed axially through the elenents 23 and the
hozzles 11 arranged in the ower region of the lances 10 are kept in
the region of the t&k floor with the help of weight elenents 12
which are e.g. attached in Phe upper region of the lances. The nmass

- of the weight elenents 12 is adapted tp . the mass of the lances 10
such that the lance 10 is pushed into X He28ei nent 20 | ayer 3 w thout
further effort or such that the | ower ends of |ances 10 remain in the
region of the tank floor when the liquid level in the tank 1 is |owered

or raised. 25 Figure 12 shows a section through an exenplified

- enbodi nent of a lance 10 with a nozzle 11 attached to it and-through
t he pi pe adapter 22. The enbodi ment of the nozzle conprises &

bal | - and- socket joint for adjusting the direction of the ejected jet
36 to a limted degree. A pipe with an external thread and with a
ball socket 25 is fitted to the |lance pipe 10. The actual ball- 30

nozzle 50 is located in the ball socket and is held in position by neans of
S a union nut 51. It is advantageous if the dinensions of the '

. lance-nozzl e- system
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P1125E - 23- is snmaller than the

i nner_di mensions of the pipe adapter. Thus, it is possible to renove
the lances fromthe pipe ddgpter by neans of pulling them upward. 5

It is inportant that the position of the nozzle does not change e.g. under
't he i nfl uence of vibration. For.IQj7 gyirpose a sinple nut |ocking
devi'ce or ot her nmeans to prevent | oosening of the union nut can be
‘used. It can be advant ageous to increase friction between the bal
~nozzle 50 and counterparts 51 and 52 by rough surfaces or even teeth.
It can al so be advantageous if 10 t hese el enents have a surface such as
is found on untreated cast steel parts. The el enents shown in
Figure 12 can be produced with a m ni num accuracy. The shown

enbodi mrent demands no special tol erances, apart from what 15 concerns the
thread. Therefore, it is possible to use very cheap manufacturing




: nethods and cheap materials (e.g. St-37, GGI). It is evident that the cross
section of the |ances nee? hot necessarlly be circular. It can be inmagi ned

t hat the cross secttgh of the lance 10, as described in connection

wi th Figure 15, can bé quadrangul ar or can have any other form as

- will be shown further 20 bel ow. Figure 13 shows a further

- enbodi nent of a | ance-nozzl e- syst'erﬁ 140 concerns a | ance 10 with two

rows of nozzles 11.1 and 11.2 pointing in different 25 di rections. The

i ndi vi dual nozzles or at |east one of the two in each row can of

course be adjustable, as shown in Figure 12 or can be designed to be rigid,

as shown here. The shown enbodi nent can be constructed sinply and host

cheaply with tolerances in the mllineter range using standard profiles.

30 '




- P1125E _ - 24- - Figure 14 shows an

~ embodi ment” of a further |ance-nozzle-system which allows adj ust nent
- of the nozzles 11 around anjadjusting axis 63. The body which

contains the actual nozzle I1 is a shaft piece with a correspondi ng bore
serving as nozzle 11 and with two | ateral bores equi pped with internal

threads 5 and defining the adjusi peexi s 63 together with correspondi ng

bores in a rectangul ar pipe piece 61 fitted to the lance. Here, it is
again possible to exclusively use cheap standard parts and standard
profiles and to work with. production tol erances which are a lot |ess
tight than is usual in general “mechani cal engineering. This -

enbodi ment al |l ows adjusting the nozzle 10 direction horizontally by _
turning the lance around its |longitudinal axis (indication by mark M
on scale 25) and vertically by turning the nozzle around the

adj usting axis 63. 15 Figures 15 A, B, C show the expl oded (Figure
15A) and assenbl ed parts (Figure 15B) of a further enbodi ment of a

| ance- nozzl e-system according to the sane principle as described in
connection with Figure 14. This enbodi nent has been sinplified such

that the process for manufacturing the

10.3
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10.17Y




| ances is as sinple as possible. Al used elements such as rod material 60,
~20 hol | ow support 61, bolts 62, plates 70 and U-profile 71 are standard

el enent s or can besgmgnufactured sinply fromstandard profiles (e.g.
profile nmade of wel d&bl e steel, such as St-37). The plates 71 are
fitted to the U-profile and the sections 61 of the holl ow support are

fitted to it by neans of weld point’ls/ 20 = 72, the bored nozzles 60 are
bolted in. The foot piece of the lance is closed 25 with a plate 71, the
upper part of the lances closed with a correspondi ng | ong plate 71 as
a side wall, the elenments for the liquid supply are nounted and t he

| ance is conpleted. Here it is again possible to work with very broad

manuf acturi ng tol erances (Figure 15C). E.g. a gap 73 of several mllineters
bet ween the di sc-nozzle 60 and the rectangul ar piece 61 of pipe is
perm ssi bl e 30 because this does not substantially influence the total

function of the | ance. When wel ding the individual parts together it
is sufficient to do this with P1125E
- 25 -

37.2




relatively short weld points 72; conplicated closed weldings in the region-
of the rows of nozzl es are not required. 5 Figure 16 shows an
exanpl e of an enbodi nent %t}a_lance 10 which is designed as a
relatively stiff constructi én containing nozzles 11 and a relatively

fl exi bl e tube 81 being connected to the rigid part of the lance 10 via a
hose coupling 80. The rigid'b&r( %dfh the rows of nozzles is guided
in the pipe adapter 22 with the help of
el ement 13. The 10 adapter pi
support openi ngs ofs\t he
| ength for introducing
advant age of this kin one is its reduced

wei ght and the fact o S consi derably
shorter than a whol [ ' iRl . Therefore, 15 It

Hggce adapters 23 and gui de
tched to the standard

Is slotted over its whole
10 fromthe top: The

Is alot nore sinpfe t , [ «&Agai n,

st andard conponenys c 7 [ | ance with the at
| east one row off noz A i 1 with standard
couplings 80 avaifl a e | S iYyportant that the

| ength of the stgff ' di fference

bet ween t he maxi i quid | eve




HO iﬁ order to nmake sure that the lance 10 is guided through the adapter

pi pe _ 22 at any liquid level. 25 Figures 17 A and B show two.

enbodi ments of nozzles mhﬁd) can be cl osed or bl ocked respectively

such that no distinct liquird jet can escape fromthe nozzle 11. In

Figure 17A an enbodi nent is shown m%%h éBe principle described in 30

connection with Figures 14 and 15.~ d @9st nozzle 60 is blocked in a

position in which no distinct liquid streamcan be formed. The disc
. nozzle 60 in the P1125E - 26-

- shown position cannot, however, block the nozzle completely. A certain
~amount of liquid can escape all the sanme. As the inventive nethod s not

susceptible to such small disturbances this kind of inconplete bl ocking can
be
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.tolerated. It is evident that nozzles can also be closed with ot her si nple
5 means. E.g. covers can be attached to the nozzle openings or a pipe

nozzl e 55 can, as‘%bpmm in Figure 17B, e.g. be sealed with the help
of a union nut 56 séfving as cover. 10 Figure 18 schematically
shows an enbodi ment of |ances lo_mhiv E@q_roms of ~nozzl es, which
nozzles 11.1 or 11.2 are orientatetr i‘n“substantially opposite

directions. The primary rows of nozzles 11.1 on the |l ances 10 are arranged
such that they create a circular current around the main axis 34 of the
vessel in a lower |ayer 5. The secondary rows of-nozzles 11.2 are
| ocated directly 15 abov e shear,; plane and contann at | east one nozzle

11.2. They are oriented fon a difectionf qubstantyal |y opposite to the
he pri W rows,, e~lg
[ Tquid mass (¢

direction of the no ~ 0 S 2@ui d ejected
by these nozzles 11.2“nove | y above the shear
pl ane 30 and for the support}of this shear pl

direction to the circular-dufrent-layer 5. [[lese se
€

¥n t he opposite
ary 20 nozzle rows
are advant ageously substantiPIIy smaller, i}jg. contal
than the primary nozzle r T As gti oned

| ess nozzl es
lie due to the

n
Pa ~a
i nner frichion t is in practicg 25 i {fichN to create an
i deal shear plane. 'entﬁttégyfj?f;?a1darv nozzl eg 11.2 shown in
Figure 18 can, nsi perabt'y A a bjtaqe/kﬁg/ o’@a(:ih of
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this kind of distinct shearing plane. If a very thick layer 6 is positioned

above the circular-current-layer 5 it can, regarded fromthe energy

~ point of view, be of"“advant age i f novenent of the layer 6 is
prevented by crating a disti'nct 30 shear plane as descri bed above.
P1125E -

- - Figure 19
schematical |y shows the principl e offtah 8nbodi ment of |ances with

suction neans 21. It is advantageous if the suction nmeans for the described
system are designed as i rmmersion pipes penetrating through the tank roof.
For not disturbing the circular current, it nmay be advantageous to design

5 several suction neans such that they even contribute to a certain

degree to the formati on and mai nt enance of the current. The suction
pi pes -can e.g. conprise, as shown in the Figure, in the same way as
the | ances conprise nozzl es, superinposed suction openings positioned

in the circular-current-|ayer such that the rows of suction openings
are oriented substantially dommstreanb
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10 By sucking liquid into the suction openings, the liquid is accel erated
and noved accordi ngly. Thus, by using this kind of inmersion pipes
directed nmoti on enetdy can, similarly as with the | ances, be
introduced into the liquid®™ and thus the efficiency of the whole
system can be increased. 15 Figure 20 shows in a qualitative
diagram the inventive nethod for weppviig & sedi nent layer in a crude
oil tank. The representation is designed for better under st andi ng of

~ the nethod and is purely qualitative. The foll ow ng simplifying
assunptions are made: 20 - No fresh liquid is introduced at any tine
into the nethod. , - The circular-current-layer 1is an ideal,
friction-free current, which is limted by an ideal shear plane.
25 - The circulation of the liquid only takes place in the
circular-current-1|ayer, i.e. the liquid which is injected into
the sedinent |ayer originates fromthe circular-current-| ayer

30 - The di agram bases on the enbodi nent of the nmethod according to

Fi gure 11. '




. P1125E - 28- The axes in the

"di agram-are denoninated as follows: t denominates the tine axis, h

t he hei ght above the tamk™ | oor and k stands for the sedinent

concentration. The diagrafm contains three inportant regions. Firstly region
98 5 which describes the actual sedinent |ayer, secondly region 97 which

descri bes the conditions in bgleal circular-current-layer and
thirdly region 96 which descri bes the resting |ayer above the
circular-current-|ayer. 10 As this resting layer is protected from

the circular-current-layer by the idea

S
M1A >
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shear plane, i.e. substantially no mass currents |eave this |ayer or enter -

it nothing wll change concerning the sedi nent concentration. Area 90
is a horizontal plamenrepresenting the sediment concentration k on
the liquid surface. A&ea 91 describes the sedinment concentration k

fromthe liquid 15 surface down to %hﬁéihear pl ane renai ni ng const ant .
The courses of area 90 and 9T d Change with tinme. The
hori zontal area 92 represents the sedi nent concentration in the shearing 20
pl ane. Its height h the same as the altitude of the shearing plane above

t he tank floor. It is evident that the sedi ment concentration k in
this | ayer changes with time. Thipyls due to concentration k in-the
circular current |ayer constantly ri¥ghng with tine due to the

di ssolution of the sedinent |ayer, which facf As al so described by
area 93 which visualizes the concentrati irhéd2s
circular-current-|ayer above the sedi . The hori zont al

| ayer 94 represents the concentrat igts) x n the sedi ment |ayer. The
hei ght of the sedinent |ayer decre ith hine€$nd corresponds to the 30
medi um hei ght of the sedinment |ayer aJ each prﬂ intinmet. It is the

obj ect of
S
_ | | _ :
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P1125E - 29- the method to dissolve
the thickened sedinent |ayer. This is achieved after a certain tine
t3 and at this point in tkse areas 94 and 95 di sappear. 5 If the
injected liquid, as descri‘béd in connection with Fi gure 20, originates
fromthe circular-current-layer itsekf; 2ghen a nmass equilibrium devel ops in

t he’ nmoving layer, i.e. a circulation process takes place. If the
liquid is injected fromthe resting | ayer above_the
circular-current-layer through the |Iances and t

regi on above the circular-current-layer nust take N
makes the formation of a distinctive shear gf ane on {




circular-current-layer nore difficult. 15 Concerning energy, it may
be- advantageous if the injected liquid is taken from t he
circular-current-layer beeabse thus the continuity equation in the

circul ar- current-layér is fulfilled. The thinner the
circular-current-layer to be created the | ess mass myst be brought
into notion and the |l ess energy is required. 20 Thus it is advant ageous
to make the circul ar-current-| ayer -ags t/hi2d as possi bl e by raising and
| owering the imrersion pipe for renoval of liquid to be I nj ect ed.

25 In a preferred enbodi nent of the nethod, only as nuch nmass as
necessary i's brought into notion to formthe circul ar-current-| ayer,
i.e. a volune of crude oil of the size which is required to dissolve
t he vol une of sediment 3 on hand. This mnimal vol u@8 is determ ned
by the maxi mal capacity of the injected liquid to tgke up sedi nment
material. Wth the help of this saturation value, the 30 ¥ mniml vol une
of the circular-current-layer in.the g§@se o me@i oned
‘circular-current-layer-circu ' an e m ned. Because in
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P1125E - 30- circulation, liquid e.g.
fromthe upper region 6 of the circular-current-I|ayer 5, is injected
t hrough nozzles 11 onto agd/or into the sedinment |ayer 3 the mat eri al
- renoved fromthe sedi nent “l4ayer substantially stays in the circular-

' current-layer 5. The sedinent layer 3 is gradually dissolved and the 5
concentration of sedinent material solved in the crude oil rises up to the
conpl ete di sappearance of the sedinmgpt,Ilzyer 3. If the saturation value of

t he crude oil is reached before this the remaining sedi nent |ayer 3
IS not di ssol ved any further. 10 The I ength of the nozzle
rows on the | ances 10 substantially corresponds to t he thi ckness of

the circular-current-layer 5 and can be matched to the above

ment i oned calculated mnimm thickness by wusing lances 10 wth
correspondingly long rows of nozzles 11. In order to avoid special 15
manuf acture of such | ances 10 the individual nozzles can be designed to be




;blobkable, I .e. by providing neans as descri bed above for preventing liquid
from bei ng pressed through specified ones of the nozzles 11. Thus, it iIs
possi bl e that only a | oweh part of the nozzle rows, adapted to the

circul ar- current-| &8yer to be created, is active and the nozzles 11
of the upper part are 20 closed or blocked. The suction neans 21 can be
desi gned as an i mmersion piqg Zﬁ h an adj ustabl e height nounted in
the roof 4 of tank 1 and al so fed to the thickness of the
circular-current-1|ayer 5. 25 Further variants of the described
‘enbodi rents of the inventive nmethod and the inventive device are e.qg.
the follow ng: - The lances conprise nozzles wth different
orientation, whereby the orientation of each nozzle fulfills the
gi ven conditions for current 30 - formati on.
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P1125E - 31 - - The lances are :
branched. - The nozzles are arranged on flexible pressure tubes for
support being pesttioned in guide pipes having slotted w ndows
for the nozzles. This 5 '.i enbodi ment al |l ows di aneter adaptation to the
tsupport openings with one- - only standard part carrying the
nozzles. Furthernore, the |ances heqong 2¢ - cheaper. - The
nmet hod is not applied for renoving sedinments but for preventing 10

sedi nentation by keeping the | ances constantly nounted in the supports

and by periodically ejecting liquid and tenporarily creating a current.

The diagramin Figure 20 descri be f

circular-current-layer, 15 p”e. with a distinct shea |l ane. It is
evident that in reality tra rse raj devel ops \n the shearing
plane and this is t@ggs rTted Qy Annee”trichion in the
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wqudid to the '"resting layers' 6. In reality, a speed profile will also

‘devel op in the layers 6. i.e. the |iquid masses described as resting
| ayers al so nove gtv.ghtly. The nodel of the i.deal
circular-current-1|ayer Hoflever, is used as a 20 basis in the discussion
of the invention for better understanding and as sinmplification.

The mai n advant ages of the inventive nethod conpared to the state of the
art 25 are the facts that the de 60 bequired for carrying out the

met hod oper at es wi t hout nnvrné gﬁ? s” posi tioned under the surface of
the liquid. The punp only contains parts noving in operation.
‘Furthernore, no neans for rotating the |l ances are required. -The

| ances are of very sinple design and thus can be manuf act ured cheaply
and wi thout precision (tolerances in the mllinmeter 30 range). The
device may consist of cheap material, e.g. steel-37. Due to the

sinplicity of the design the inventive | ances 3 g 2 lot lighter than
rotation- P1125E - 32 -




i . - -

| ances and thus nore sinple to be handl ed and | ess susceptible to

nechani cal damage, e.g. when being nounted. They are very sinpl e‘?g::g%
- operate and they do not require special maintenance. 5 E’%MENWEM

| argel y avoiding unnecessary formation of eddies, which, however, is  mape pumer
| ooked at as an advantage of rotation-|lances, a considerable anDunt OHMTqu#kos
punpi ng energy can be saved which nakes it pOSSIb|e to use lighter, nobile
- and cheaper punp units; additionally, the |ances are |ighter, which
. increases 10 nDbiIity. Furthernore it is evident that these arrangenents,
t he device (Ilance) as well as the nethod (nozzle orientation) require
no precision. The whol e techni que is robust and conprises, as
nentioned above, cheap |ances Hg Y, Ie operation of the
met hod for achieving the desire é?f%é% R Xe@ lfj@? i s al so advant ageous
that the tank to be treated nust not be enptied. As soon as a
sedi nent |ayer has fornmed the |ances can be installed at a given
- liquid Il evel and the current can be generated. Meanwhile the tank can
~remain in full operation; crude oil can be added or renoved. Due to
- the rel at ilvBhgistoph Brogle, residing at Seestrasse 3, 8002 Zurich, Switzerland, do hereby

‘declare that | am conversant with the English and German languages and am a
competent translator thereof. | declare further that the following is a true and

correct translation made by me into Engllsh of the German document attached
hereto.

The Amendments made under Article 34 of PCT
Signed this 27 October, 1998

ﬂ%@

Christoph Brogle



2D : " 1j ghtwei ght equi pment and the possibility of the use of standard ,. -y

| ances (i.e. _ hi gh nunbers of identical lances) in different o34
applications the systemis extrenely adaptable; e.g. lances fro |
di fferent apgitgﬁﬁes can be conbi ned or exchanged. Furthernore, t@N?A“”%S/
fact that th od can operate perfectl&z' wi t hout conplicated and
expensi ve control is very advantageous. 25 The i nventive nethod for
recovering crude oil fromthickened crude oil or fromits sludgy to
conpact sedinents in vessels in which crude oil is stored and/ or

transported by treating the sedinent with crude oil or refinery 30
products as a shawecnt jelydikat comsisténcpaand yaré | mpikihy i elge athah di heavy ifragtion of
wher eby t he sol,vetgt i s pressed, out of nozzles in order to for
current which eftdgcoil, the compopents s@f which are very mixable with crude oil or_lighter

components of crude oil or are soluble in these. The sediments, however, also

contain foreign matter in form of e.g. stones or pieces of metal, mostly rust.

For a long time, the sediments in crude oil containers as described above
have been unwanted material which still today is removed from the vessels
with corresponding cleaning media, mostly aqueous solutions of detergents, is
10  deposed of in more or less sensible manner or is destroyed. An example is
shown in the publication US-1,978,015 (Erdman) in which a device and a
method for cleaning a tank are described. The device is a rigidly mounted
installation with which, after emptying the tank, a cleaning liquid or vapour is.
introduced for the removal of residues which have collected on the floor. The
15  liquid containing the dissolved residues are then removed by suction. Thus,
the floor of the vessel is cleaned. The outlets for the cleaning medium are
arranged in oblique manner and are designed such that the liquid can be
sucked back through them. They have the capacity to make the introduced
liquid swirl. A further example for the cleaning of a tank is shown in the
20  publication US-A-2,574,958 (Carr) according to which a kind of raft floats on
the oil. On the bottom side of the raft, a mixing propeller for moving the oil
is attached.* The propeller is driven hydraulically from the outside of the tank
via pressure lines. The raft is held by a cable arranged through the tank and
such is prevented from floating away and from colliding with the wall of the
25 vessel due to the propeller which acts like the propeller of a ship. The mixing
effect is questionable; later on, mlxmg propellers have been built into the
vessel walls at regular distances from each other and this method is still used
" for smaller tanks. However, with all the means as mentioned above,
recovering the crude oil bound in the residues has never been considered.
30



the sedinment and dissolves it as far as this is possi ble, is substantially

. characterized by creating a plurality of directed Iiquid solvent jets being
~ejected fromfixed nozzles, which are orientated such that the liquid jets

drive ﬁpﬁﬁifrrounding medi um secti ogwi se in a nmutual direction, bring
it into i on and unite with this" lumto forma nutual current.

The device for carrying out the nethod substantially consists of a hollow

body connected to supply nmeans for a liquid and conprising nozzl es

t hrough which 10 the liquid is ejected under pressure. The nozzles are

arranged over a part of the length of the device whereby a plurality

of nozzles i s aMaeagecentigdiimiphtent applicdtion e BEPa60863, @ nebtisidahae béerp mesoaibled

ot her, the nozzayg be|£q%§r|ent bl e or bging or,i ent at ed fuch t hat

liquid jets can %ﬂ"ﬁ“‘é‘ﬁ s‘“a‘fmfi%é’élt c%f“?ia?’ts % simrlar storage or

substantially pg ﬁﬁégbﬁogeés'éls can bﬁShgﬂ{ rﬁﬂﬂeam?&#cﬁ le' RYENT FYE tﬂx‘%vbgl?ﬁsé,or |

carrying out the a vessel at a plurality

nozzl es is posi tiudeesil isninjeoed| inteshe sedimentabh ntads of ratating heagiwittohozzles
current Ilnes (S[err]/S[err]) of a current to be created and such that the
20 nozzl @s aP8ichr heads atreqintiRdugeds iRk itheo fediment. adhus. Qtsfpdridige wrpcthe) )

of the 'nise%%éﬂzg i€l blufrfld lihdOhnd EsRBGEL O Mo RGP mBR! BY rlveCH o
in an acute angle owar ds each ot her et ween t he nozzl es

further pair folissolveag at least paettyn sHereby) 1thmveb)to Hehadvantageols] absmaich vihet he

surroundi ng nedium,in a
activities of the individual nozzle heads to each other, such that due to

opposite rotation, the vortices created by each nozzle head create currents.
10
From the named publication (EP-160805) it can be seen that the described
method is rather complicated. The reason for this is the necessary use of
rotating lances with which a region as large as possible is treated with injected
oil and with which the vortices are to be achieved. Regarding the use of
15  energy and in particular regarding the device and the method for assembling
it, the whole thing is relatively costly. Means, i.e. drives, for rotating the lances
are required. The diluting media, the fresh crude oil must be introduced
through these same lances. For the desired forming of eddies, controlling
means are required to control the direction of rotation of the lances.

20  Furthermore, this type of rotating lance is complicated mechanically and thus
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nut.ual . di rection and’]“mmﬂeél-mgéanképldc&i forma nutual current.
25 . punps are conne nces for supplying these ' IW@'@I l”“l
For suppl ying t s with liquid, one or sev

pi pes are ovi n S|de of the i mrersion plpes
protrudi ng iﬁllbzﬁe' | ayer to be mad'e fo flow or connections for

“sucking liquid fromoutside the named | ayer are provided. 30
34 CLAI V5

NEW cLaIMs

1. Method for recovering crude oil from thickened crude oil or from
sludgy to compact sediments of crude oil in vessels in which crude oil
is stored and/or transported by treating the sediment with crude oil
or refinery products as solvent and at least partly liquefying and
dissolving it, whereby the solvent is pressed out of nozzles (11) in 5
order to form a current (37) which erodes the sediment (3) and
dissolves it as far as it can be dissolved, characterized in that a
plurality of directed liquid jets of crude oil or of derivatives thereof is
created, the jets being ejected from nozzles (11) on lances (10) which
-are immersed in the tank (1) of crude oil, which nozzles (11) are at 10
choice orientated such that in similar and superimposed zones the
liquid jets (R) are ejected such that between them the surrounding
medium gradually unites to form a joint. current (37) in the desired
direction.
15

9. Devicé for carrying out the method according to one of claims 1 to 8,
which device comprises at least one hollow body with a connection
for supplying it with a liquid and with nozzles for ejecting the liquid
under pressure, characterized in that over a part of the length of the 20
hollow body a plurality of fixedly arranged nozzles (11) are provided,
the nozzles being directed radially outward and at a distance to each
other, in that these nozzles (11) are orientable or orientated such
that liquid jets (R) are created at least part of the jets being
substantially parallel and in that the device further comprises means 25
(25) for rotating all the radially orientated nozzles (11) around a

THIS SHEET HAS BEEN
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d.. . Method for fgecoNEH O ednREgRe®i | from thickened crude g
sl udgy to conpact sed e oil in vessels in which 4@“Hm'“"ﬁm””"|
is stored and/ or trarcﬁmmmul IHating the sedinent with crudewile n s '«
or refinery Er%i#cls at least partly liquefying and

di ssol vi ng Pl ereby the solvent is pre§sed out of nozzles (11) in

order to forma current (37) which erodes the sedinent (3) and

di ssolves it as far as it can be dissolved, characterized in that a

plurality of directed liquid jets of crude oil or of derivatives thereof is
created, the jets being ejected fromnozzles (-11) on | ances (10) which

are imersed in t hfuthanbaxis] sulRfantialiy eperpéndiotlare o nthez ejestidrl 1direetion ain

choice orientated such that in simlar and superinposed, zones the

liquid jets (R) arosdes tecinterach, ith: fiygther, devigesnof thensameekindy r oundi ng

medi um gradual ly unites to forma joint current (37) in the desired

di rection. 2. Met hod according to claim 1, characterized in that a
| iquid current flowi ng substantially horizontally is created in
the |iquid above the sedi ment layer (3) by injecting the lLiquid to
be injectedlfnt o tArsangemest of devices geqording t0eg 9a¥90\1§ inng vesssl et 3 3)

froma plurality of Sl . dire ' S rﬁﬁt'}s

wher eby the inj ectcﬁgﬁgg%’gtcpfeorﬁemd 3Fc°arﬁng to Sﬁﬁg 1 %@E@f@ of
substantial |y horingeslesl (10y is pogfiéned imglairsesh esshacdsenthdine of a pair &f oor of
the vessel and conprises a horizontal conponent (R err])

tangential to the quentidings (B4 velsacreaipd diquich Fyseminer of a; GuEBhtto e
to a current line gl L€ hlaUkbeGH" 'O RPHePOLA! | Oferdled NEsuth tel! a

horizontal, radial component (R,) of the injecting direction of one 10
nozzle (11) of a pair of nozzles positionéd one on each of the two
current lines is directed in an acute angle towards the injection
direction of the other nozzle of the pair and between the nozzles of a
further pair following downstream, the liquid jets (R) driving the
surrounding medium in a common direction and uniting with it to 15
form a joint current (37) and wherein for supplying the lances with
liquid one or several pumps (26) are connected to the lances (10)
and wherein for suplying the pump/s (26 ) with liquid, one or several
immersion pipes (21) are arranged with their suction side immersed
in the layer (5) to be made to flow or connections for sucking liquid 20

from outside of said layer are provided.

=

25
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sehse.. _ This Sheet Has Been Replaced
. accor.ding to claim mu MI‘HE! !ﬂerl zed in that above theﬂ",ll“"lmi (n I"I"l
y

sedi ment |ayer (3) a hori zontal |iqu

~less cl osed’ f’];i bgse f 1s creat I nj ec ng t he I |qU| d from a pI ural [ ty

- of nozzles (T )2 rranged above the surfac of the sedinent into the

. liquid resting above the sedinent (3), whereby the injection direction

- (R) of all the nozzles is directed downward at an angle of 0 to 10

degrees in relation to the vertical and conprises a horizontal,

tangential conponent (Rlerr]) which is orientated tangentially to a
current |ine.of thMethoguiadcordingetd clamt i rort Becharactenized cinsthat above the

sediment layer (3) a substantially horizontal liquid current more or
less closed in itself is created by injecting the liquid from a plurality
of nozzles (11) arranged above the surface of the sediment into the
liquid resting above the sediment (3), whereby the injection direction 5
(R) of all the nozzles is directed downward at an angle of 0 to 10
degrees in relation to the wvertical and comprises a horizontal,
tangential component (R,) which is orientated tangentially to a
W, current line of the liquid current and in the current sense.
10

4, Method according to claim 2 or 3, characterized in that the direction
of injection of at least part of the nozzles has a horizontal, radial
component (R,) which is smaller than the horizontal, tangential

component (R,). 15

5. Method according to one of claims 1 to 4, characterized in that a
substantially horizontal liquid current in form of a circular current
— around a current center (34) is created by a plurality of 20

correspondingly positioned ejection points.

E

6. Method according to claim 5, characterized in that a predetermined
layer in the liquid column of the vessel is stimulated to a circular 25
current which forms a shear plane to other sections or layers such

that thesetother sections are substantially undisturbed by the current

do
mta_‘%tg flowing themselves.

30
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hori zontal , radi al t (Rlerr]) which is smaller*thant't

o hethod lelsiﬁmmmﬁ scgfeqazdngsz.tzﬂmutmrrrrrnrmurr |

hori zontal , tangenti onent (Rerr]). 5. Met hod
accordi ng tRllGﬂE of claims 1 to 4, charaggerized in that a

substantially horizontal |iquid current in formof a circular current
around a current center (34) is created by a plurality of
correspondi ngly positioned ejection points. 6. Met hod according to
claim5, characterized in that a predeterm ned | ayer in the liquid
colum of tshe vesmh}dds i € l.ar I ch
forms a shear pl ane to 0O e%oflggén;hfgcrl? aygrtg & chr?racterlzﬁjfr{ ﬁ]ﬁt hese

ot her sections arhqmdbdumgrﬁxhlgummll i5t takle dfrom tHeeluycrr\eidt the circular and do
not start flow ng trpee}lrtrsel ves.

S
8. Method according to one of claims 1 to 6, characterized in that the
- liquid is crude oil or a refinery product and has a same or a smaller
concentration of components of higher molecular weight than the
crude oil positioned above the sediment (3).
10

Device for carrying out the method according to one of cleims 1 to 8,
which device comprises at least one hollow body with a connection
supplying it with a liquid and with nozzles (11) for ejecting the
. Hquid\under preSsure, characterized in that over a part of the length 15
of the

nozzles bein

low body a plurality of nozzles (11) are provided the
arranged fixedly and distanced from each other and
being directable directed such that substantially parallel liquid jets

can be created with e aid of at least part of the nozzles being joint.

10. Device according to claim 9, characterized in that the nozzles (11)
comprise means for changing the di
arranged on substantially vertical, hollow,
be introduced into the vessel. -

ion of ejection and are
shaped lances (10) to

LW

mny

11, Device. aecondingto claim 9 or 10, characterized in that th vertically

an ejection direction (R) of each nozzle (11) orientated horizonts

THIS SHEET HAS BEEN
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36 7. . Met.hod" according to one of clains 1 ed I n
that the ' liquid driving the current |s tmuﬁlm!mmm m er vmth
the‘circul ar current. 8. aGcco

clains 1 to 6, characterized in that the liquidis crude 0|I or a
reflnery product and has a sane or a snaller concentration of -
conponents of higher nol ecul ar wei ght than the crude oil

positi oned above the sedinent (3). 9. Device for carrying out the

met hod according to one of clains 1 4 8, whi ch device conprises at
| east one hol |l ow body wth a connection for supplying it with a
liquid and with nozzles for ejecting the liquid

CLAIMS

L. Method for recovering crude oil from thickened crude oil or from
sludgy to compact sediments of crude oil in vessels in which crude oil
is stored and/or transported by treating the sediment with crude oil .
or refinery products as solvent and at least partly liquefying and
dissolving it, whereby the solvent is pressed out of nozzles (11) in
order to form a current (37) which erodes the sediment (3) and
dissolves it as far as it can be dissolved, characterized in that a
plurality of directed liquid jets of crude oil or of derivatives thereof is
created, the jets being ejected from nozzles (11) on lances (10). which
are immersed in the tank (1) of crude oil, which nozzles (11) are at
choice orientated such that in similar and superimposed zones the
liquid jets (R) are ejected such that between them the surrounding

medium gradually unites to form a joint current (37) in the desired
direction.

2. Method according to claim 1, characterized in that a liquid current
flowing substantially horizontally is created in the liquid above the
sediment layer (3) by injecting the liquid to be injected into the crude
oil (2) resting above the sediment (3) from a plurality of nozzles (11)
directed in the same sense, whereby the injection direction (R) of all
nozzles is substantially horizontal or slightly inclined towards the
floor of the vessel and comprises a horizontal component (R)
tangential to the radius of the vessel which component is tangential

to a current line of the liquid current and pointing in the current

sense.
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under pressure, .characterized in that over a part of the WH ll I lmﬁ

hol | ow:body a plurality of fixedly arranged nozzles (11)” fm l:“ utl ”III
the*nozzles being directed radially outward and at a di stance t'o dach *
other, in that these nozzles (11) are orientable or orientated such

t hat 'quuid jets (R) are created at |east part of the jets being
substantially parallel and in that t devi ce further conprises neans

(25) for rotating all the radially o |entated nozzles (11) around a

nmut ual axi s substantially per pendi cuI ar to t he eJ ection direction in

order to,intergct with further I nd Devi ce

accordingr to cMFhPe, 2R %tfé’rf’ n°‘t af’n‘[‘ gfgl’é’s&(ailﬁbm’e the
conpri se means st@neabafager B3 faeafusfaﬁﬁm,fnha{mﬁtafca &8 @.nfléergcesr?lo&) o

arranged on substantially vertical ow, pipe shaped |a
be introduced ilessoclosed veitsedf is created by. mjecuﬂg\thcehgmtcfnuhr@plmhdyai m9 or

10, characterized in th the verti.call ed .device resting
on the part fadl % @1523 e‘ih@‘\)’%s | Sysfpge of the” 58 gtr1“é'j°e i on

direction (R) quuitﬁQ@s&i‘@ZMe( thd) seQirh&itt ¢3)e fHRIbyZ @Rt Aljdction direction
(R) of all the nozzles is directed downward at an angle of 0 to 10

degrees in relation to the vertical and comprises a horizontal,
tangential component (R,) which is orientated tangentially to a

current line of the liquid current and in the current sense.

4. Method according to claim 2 or 3, characterized in that the direction
of injection of at least part of the nozzles has a horizontal, radial
component (R)) which is smaller than the horizontal, tangential
component (R). |

5. Method according to one of claims 1 to 4, characterized in that a
substantially horizontal liquid current in form of a circular current
around a current center (34) is created by a plurality of
correspondingly positioﬁed ejection points.

6. Method according to claim 5, characterized in that a predetermined
layer in the liquid column of the vessel is stimulated to a circular
current which forms a shear plane to other sections or layers such
that these other sections are substantially undisturbed by the current

and do not start flowing themselves.
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37 .- ard=at—amangl e ([err]) and having a h
tangent i al REELA&EU HYOneHRET(R err]) parallel to a liquid EIMHEIH" “mll”"l
hori zont al tangentTall ¢onponent is tangential to a currentt | mnesof
the Iiquid 21%?%&9t e driven, is orientated in flow ng dlrectlon.
and is | argern

han ajh¢ri zontal, radial conponent (Rlerr]). 12.
Devi ce' accor di r aijjms 9 t 11, characterized in that the
| ances (10) donprise on their ¢nds facing the floor of the vessel at

| east one row of nozzl'es (II) extending over.the |ance |length, the
nozzl es Bei ng aviethodedcairdiagdiosdmn o€ cldisin kashs, aﬂnlaeaqtemtdd:in rﬂmzihe

row has a | engt.h etween 2 and 5 nefers. such t f the’
nozzl es (11) gr “b%s‘?‘?‘f‘ﬁ& e PRt (i dfa "éhlﬁ‘f%‘ﬁtr]? ??YSE éﬁ t‘HE"ﬂar

| ance rests on dpgqpfl oor of the vessel.

8. Method according to one of claims 1 to 6, characterized in that the
liquid is crude oil or a refinery product and has a same or a smaller
concentration of components of higher molecular weight than the-
crude oil positioned above the sediment (3).

9. Devicé for carrying out the method according to one of claims 1 to 8,
which device comprises at least one hollow body with a connection
for supply'mg it with a liquid and with nozzles for ejecting the liquid
under pressure, characterized in that over a part of the length of the
hollow body a plurality of 'fixediy arranged nozzles (11) are provided,
the nozzles being directed radially outward and at a distance to each
other, in that these nozzles (11) are orientable or orientated such
that liquid jets (R) are created at least part of the jets being
substantially parallel and in that the device further comprises means
(25) for rotating all the radially orientated nozzles (11) around a
mutual axis substantially perpendicular to the ejec_tion direction in

order to interact with further devices of the same kind.

10. Device according to claim 9, characterized in that the nozzles (11)
comprise means for changing the direction of ejection and are

arranged on substantially vertical, hollow, pipe shaped lances (10) to

be introduced into the vessel.

11.° Device according to claim 9 or 10, characterized in that the vertically
arranged device resting on the part facing the floor of the vessel has

an ejection direction (R) of each nozzle (11) orentated horizontally
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arranged in the gdi lj st abl e for nozzle orientation
wi th the .gui de by}béi ng pivotabl e{ajound their |ongitudinal axis. 14.
Arrangenent of deyi oflclaginmse 9 to 13 in a vessel for
carrying out the rfethod according @ claiml wherein a plurality of
nozzles (11) is positioned in pairs gn.each current line of a pair of
current |ines (Srefownwprds @} )amfanglec (ahtaad. hawingda chorizental.ortangentiak ur r ent
to be a itn, the ; hogzl are,. ori such
that a %ﬁ@%}ﬁ%‘ént 4[;#‘) ﬁ%ﬁ@* é%mg)onhe ut?&( rZarlcre] )‘gglfc tﬁ‘g)ﬁitzﬁﬁgtggti ng
direction of onaangential coniiwneht islthpgedtiap @Aiar cofremoink esf phsiliquided one
on each of the two: current lines is directed _in an acute angle
t owar ds the inj S&fiesh to be driven, is orientated in flowing direction and is larger

than a horizontal, radial component (R).

12. Device according to one of claims 9 to 11, characterized in that the
lances (10) comprise on their ends facing the floor of the vessel at
least one row of nozzles (11) extending over the lance length, the
nozzles being arranged at a distance from each other, which nozzle
row has a length of between 2 and 5 meters such that part of the
nozzles (11) are positioned above the sediment surface when the

lance rests on the floor of the vessel.

13. Device according to one of claims 9 to 12, characterized in that a
guide (22) is allocated to each of the lances the guide being slotted at
least in the outlet region of the nozzles and the lances (10) being
arranged in the guide and being adjustable for nozzle orientation
with the guide by being pivotable around their longitudinal axis.

14. Arrangement of devices according to claims 9 to 13 in a vessel for
carrying out the method according to claim 1 wherein a plurality of
‘nozzles (11) is positioned in pairs on each current line of a pair of
current lines (S/S,) of a created liquid current or of a current to be
created and wherein the nozzles are orientated such that a
horizontal, radial component (R) of the injecting direction of one
nozzle (11) of a pair of nozzles positioned one on each of the’ two

current lines is directed in an acute angle towards the injection
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further -pair follfo Wiy \mgts’rmég the liquid jets (R drivi lll ﬂ"““mlllrl”lll
surroundi ng medi dmji n.a comon difrg¢ction and uniting with it to forh a"

joint .current (3%) an%lhﬂéBezﬂﬂafﬁ)r suppl ying the lances with liquid one or
several punps (29) tare connected|t¢ the | ances (10) and wherein for

suplyihg the pung/s (26 ) with |iqyid3gone or several imrersion pipes (21)
are arranged wit e inmersed in the layer (5) to be nade
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further pair following downstream, the liquid jets (R) driving the
surrounding medium in a common direction and uniting with it to
form a joint current (37) and wherein for supplying the lances with
liquid one or several pumps (26) are connected to the lances (10)
and wherein for suplying the pump/s (26 ) with liquid, one or several
immersion pipes (21) are arranged with their suction side immersed
in the layer (5) to be made to flow or connections for sucking liquid

from outside of said layer are provided.



