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GAS DESANDER
Field of the invention

The present invention concerns the field of gas purification, more specifically the
removal of solids from a gas stream, particularly a stream of natural gas from a
production well.

Background of the invention

Well gas streams in mature gas fields have a tendency to produce more solids, such
as sand, over the years. To prevent solids accumulation and erosion of the
downstream equipment, including choke valves, separators, risers, piping,
hydrocyclones and pumps, and to assure continuous operation of the production
facility it is important to remove the solids, preferably as early as possible in the
separation process

The presence of solids in gas streams is a major challenge in the production of
natural gas. The velocity of such gas streams can be higher than 10 m/s which result
in severe erosion of downstream equipment, as well as clogging of same.

Present solutions for removing solids from gas streams are often efficient for larger
type solids such as sand. However, removal of small particle size solids (particle
sizes down to less than 5 microns) as found in fines and clay is not efficient when
known techniques for inline separation systems are used. This is espectially true for
relatively dry gas streams, wherein the removal of solids is not helped by the
simultancous agglomeration of liquids. When the gas stream is relatively wet, the
liquids separated in for instance a gas-liquid separator will also help to remove a
large amount of the solids, even fines and clay.

In view of the prior art, there is a need for equipment and methods for the removal
of solids from continuous gas streams. In particular, solutions for the removal of
fines and clay from relatively dry gas streams are needed.

Summary of the invention

The present invention provides a device for the removal of solids from a continuous
gas stream. In addition to separating larger sized solids, such as sand, from a
continuous gas stream, the device is also capable of separating smaller sized
particles such as fines and clay. The separation is efficient even for dry gas streams.
The device according to the invention is defined by the appended claims, and in the
following:
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In a first aspect of the invention, the device for removing solids from a gas stream,
comprises a longitudinal hollow element comprising an inlet, a first outlet and a
second outlet, and an internal rotation-generating clement for the gas stream, and
the rotation-generating element, which causes the gas stream to rotate around a
centerline of the hollow element, is arranged between the first outlet and the second
outlet in the longitudinal direction of the hollow element, and comprises a central
axial passage, said passage is fluidly connected to the first outlet by an extraction
line, said first outlet arranged between the inlet and the rotation-generating element
in the longitudinal direction of the hollow element, wherein a section of the hollow
element is arranged between the second outlet and the rotation-generating element
and has a decreasing inner circumference in the longitudinal direction of the hollow
clement towards the second outlet. The section having a decreasing inner
circumference may be arranged centric or off-center with regard to the centerline of
the hollow element, and may advantageously comprise a mainly horizontal lower
part. When the centerline of the hollow element is horizontal, a section having a
mainly horizontal lower part will contribute to a more efficient transportation of the
solids in the direction of the second outlet.

The central axial passage of the rotation-generating element may further be defined
having an inlet and an outlet, and the rotation-gencrating clement having rotation-
generating means. The rotation-generating means may, for instance, comprise
blades or vanes arranged to direct the gas stream in a direction deviating from the
longitudinal direction of the hollow element. The inlet of the central axial passage
of the rotation-generating element is situated downstream of the rotation-generating
means and the outlet of said passage is fluidly connected to the gas extraction line.

In a further aspect of the device according to the invention, the second outlet of the
longitudinal hollow element is fluidly connected to a container for accumulation of
the solids.

In yet a further aspect of the invention the device comprises a housing having at
least a first outlet, within which housing at least parts of the longitudinal hollow
element i8 arranged, forming a space between an inner surface of the housing and an
outer surface of the hollow element, said space in fluid contact with the first outlet
of the hollow element and the first outlet of the housing. The space may be
delimited by sealed connections between the hollow element and the housing,
wherein the connections are arranged on opposite sides of the first outlet of the
hollow element in the longitudinal direction of said element. The space may
advantageously be annular, or of any other shape or form suitable for fluidly
connecting the first outlet of the housing to the first outlet of the longitudinal
hollow element.
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In one aspect the housing comprises an inlet, and the inlet of the housing is in fluid
contact with the inlet of the longitudinal hollow element.

In some aspects of the device according to the invention, the entire longitudinal
hollow element is arranged within the housing, and the inlet and the first outlet of
said element is in fluid contact with the inlet and the first outlet of the housing,
respectively.

In a further aspect the device comprises a container for accumulation of solids, and
the interior of the container is fluidly connected to the space, or the first outlet of
the housing, by a recycle line having a first and a second end, the first end of the
recycle line arranged internal to the container and the second end arranged
downstream of the first outlet of the longitudinal hollow element. The first end of
the recycle line is advantageously situated at a position which is vertically lower
than the position of the second end of the recycle line.

In other aspects of the device according to the invention, the first end of the recycle
line comprises a collar, or flange, and a cap arranged in front of said opening, such
that solids are prevented from being entrained through the recycle line.

In some aspects, the cap is shaped as a hollow cone arranged with the apex in the
upstream direction, the opening of the first end of the recycle line situated within
the hollow, and the collar is in the shape of a truncated cone, or right frustum.,

In one aspect of the invention, the container comprises a solids outlet.

In a further aspect of the invention, the container is comprised by a section of the
housing.

In one aspect of the invention, the longitudinal hollow element is removable from
the housing. By comprising a removable, and thus replaceable, hollow clement, a
device according to the invention will provide a desander having low maintenance
Ccosts.

In some aspects of the invention, the housing comprises a pipe element adapted for
inline connection, said element preferably I-, T- or Y-shaped.

The present invention further comprises the use of a device as defined above to
remove solids from a gas stream.

The present invention also provides a method for removing solids from a gas
stream, comprising the steps of:

- introducing the gas stream into a longitudinal hollow element, wherein
said gas stream is forced to rotate by use of a rotation-generating
clement;
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- leading a major part of the gas stream through the center of the rotation-
penerating element in a counter-current direction to the introduced gas
stream, and through an outlet in the longitudinal hollow element; and

- leading a minor part of the gas stream, and the solids, in a co-current
direction to the introduced gas stream.

The method for removing solids from a gas stream may further comprise the steps
of:

- leading the minor part of the gas stream, and the solids, to a container for
accumulation of the solids;

- scparating the minor part of the gas stream and the solids,

- recycling the minor part of the gas stream by a recycle line to combine it
with the major part of the gas stream.

Short description of the drawings

The invention is described in more detail by use of the appended drawings. The
drawings comprise two separate embodiments of the invention.

Fig. 1 shows a cross-sectional side view of an embodiment having a horizontal
configuration.

Fig. 2 shows a cross-sectional side view of an embodiment having a vertical
configuration.

Detailed description of two embodiments of the invention

The present invention is described in more detail by way of two embodiments
depicted in figs. 1 and 2.

The device for separating solids from a gas stream (in the following termed a
“desander”), shown in fig. 1, is adapted for being positioned in a horizontal inline
arrangement. The desander is made up of three main parts, a housing 1, a
longitudinal and hollow element 2 (in the following termed the internal separator)
being internal to the housing 1, and a container 3 for accumulation of the solids
separated from the gas stream. The housing 1 is made up of a straight pipe having a
first inlet 4 for the gas stream in one end, and an outlet 5 for the gas stream in the
opposite end. In addition, the housing has an outlet 6 for the solids separated from
the gas stream, and a second inlet 7 being connected to the solids accumulation
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container 3 via a gas recycle line 8. The internal separator 2 has an inlet 9 for the
gas stream in fluid contact with the first inlet 4 of the housing, a first 10 and a
second outlet 11, and a static swirl- or rotation-gencrating clement 12 arranged
annularly within the scparator 2. The internal separator 2 is sealingly connected to
the housing 1 at its outer circumference, such that a space 15, or annular flow arca,
is defined between said separator and the housing. A sealed conncction 22 between
an outer circumfcrence of the intcrnal scparator, near its inlet 9, and the housing 1
guides the incoming gas strcam into the internal separator. A major part of the
internal scparator, at least comprising a longitudinal section downstrcam of the
rotation-generating element 12, has a circular inner circumference so that the
rotational movement of the gas is maintained. The rotation-generating element 12
comprises rotation-gencrating means, for instance blades, angled such that a gas
stream passing through the internal separator 2 is causcd to rotate around a
centerline Y of said separator, and has an open passage 13 through its middle along
said centerline Y. The passage 13, in the middle of the rotation-generating element
12, has an outlet 20 and an inlct 21. The inlet 21 of the passage is arranged
downstream of the rotation-generating means, and the outlet 20 of the passage is
fluidly connected to the first outlet 10 of the separator by a gas exiraction line 14.
The second outlet 11 of the internal separator 2 is arranged following a section 23
of said separator having a restriction of the inner circumference. The section having
a decreasing inner circumference is in the present aspect arranged centric to the
centerline of the separator, but may optionally be arranged off-center to said
centerline. The gas extraction line 14, which is connccted to, or is a part of, the
outlet 20 of the passage 13 through the rotation-gencrating element 12, is connccted
to the gas outlcet 5 of the housing via the space 15, or annular flow arca, between the
internal scparator 2 and the housing 1. The interior of the container 3 is fluidly
connected to the space 15 by a gas recycle line 8. The upstream scction of the gas
recycle line, situated in the interior of the container 3, is arranged with a “double
Chinesc hat” structure. Said structurc comprises a hollow cone 16 arranged with the
apex in the upstream direction, related to the flow of solids into the container, and
the opcning of the gas recycle line is situated within the hollow. A collar 17 in the
shape of a truncated cone, or right frustum, is situated below the hollow cone 16.
The collar is arranged annular to the gas recycle line 8, and below the opening. The
“double Chinese hat” limits the re-entrainment of solids to the clcan gas outlet 5 of
the housing. The solids accumulation container 3 further compriscs a solids outlet
18 in the bottom part of the container.

Another embodiment of the desander according to the invention is depicted in fig. 2.
This embodiment is adapted to be positioned in a vertical inline arrangement. In this
embodiment, the desander comprises two main parts; a housing 1 and a longitudinal
and hollow clement 2 (termed an internal separator) being internal to the housing.
The desander also comprises a container 3 for accumulation of the solids separated
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from the gas strcam. In this embodiment, the container 3 is designed as an integral
section of the housing 1. The housing is made up of a T-shaped pipe having a first
inlet 4 for the vertical gas strcam in onc end, and an outlet for the gas stream
arranged in a direction perpendicular to the direction of the incoming gas stream. In
addition, the housing 1 has an outlet 18 in the bottom of the section which
constitutes the solids accumulator container 3. The internal separator 2 has an inlet
9 for the gas strcam in fluid contact with the first inlet 4 of the housing, a first 10
and a second outlet 11, and a static swirl- or rotation-generating element 12
arranged annularly within said separator. The internal scparator 2 is scalingly
connected to the housing 1 at its outer circumference, such that a space 15, or
annular flow area, is defined between said separator and the housing. A sealed
connection 22 between an outer circumference of the internal separator, near its
inlct 9, and the housing 1 guides the incoming gas strcam into the internal separator
2, and a sealed connection 19 between an outer circumference of the internal
separator 2, near its second outlet 11, and the housing 1, separates the section of the
housing which constitutes the solids container 3 from the flow space 15. A major
part of the internal separator 2, at least comprising a longitudinal section
downstrcam of the rotation-generating clement 12, has a circular inner
circumference so that the rotational movement of the gas is maintained. The
rotation-generating element 12 comprises rotation-generating means, for instance
blades, angled such that a gas stream passing through said clement is caused to
rotate around a centerline Y of the internal separator 2, and has an open passage 13
through its middle along said centerline. The passage 13, in the middle of the
rotation-generating element 12, has an outlet 20 and an inlet 21. The inlet 21 of the
passage is arrangced downstream of the rotation-gencrating means, and the outlet 20
of the passage is fluidly connected to the first outlet 10 of the separator by a gas
cxtraction linc 14. The sccond outlet 11 of the internal separator 2 is arranged
following a section 23 of said separator having a restriction of the inner
circumference. The section having a decrcasing inner circumfcrence is in the
present aspect arranged centric to the centerline of the separator, but may optionally
be arranged off-center to said centerline. The gas extraction line 14, which is
connected to, or a part of, the outlet 20 of the passage 13 through the rotation-
generating clement 12, is connected to the first gas outlet 5 of the housing via the
space 15, or annular flow areca, between the internal separator 2 and the housing 1.
The interior of the container 3 is fluidly connected to the space 15 by a gas recycle
line 8. The upstream section of the gas recycle line 8, situated in the interior of the
containcr 3, is arranged with a “double Chinese hat” structure as described for the
embodiment in fig. 1.

Both embodiments, as depicted in figs. 1 and 2, operate by the same mechanism. In
usc, a gas stream cnters the first inlet 4 of the housing 1 and into the inlet 9 of the
internal separator. The gas (wet or dry) passcs the rotation-generating element 12
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and is thereby caused to rotate along the centerline Y of the internal separator 2.
Due to the G-forces generated by the rotational movement of the gas, the solids (and
liquids if present) are dragged towards the inner wall of the internal separator. Due
to the restriction of the inner circumfercence of said separator in the direction of its
seccond outlet 11 and the rotational movement of the gas, clean gas, i.e. gas depleted
of solids, is led towards the center of the intcrnal separator. The major part of the
cleaned gas is cxtracted, in a direction counter to the axial direction of the gas
passing the rotation-generating element, via the gas extraction linc 14. The solids,
and optionally liquids, are transported by help of a minor fraction of the gas into the
solids accumulator container 3. To avoid any loss of gas, the minor fraction of gas
that enters the container is extracted through the gas recycle line 8 and routed to the
gas outlet 5 of the housing. The major fraction of gas, passing through the gas
cxtraction line 14, is commonly about 80% of the total gas volume. The size of the
minor gas fraction, and consequently the size of the gas fraction led through the
accumulation container and recycled, is regulated in a large part by the dimensions
of the gas recycle line. By designing the recycle line 8 to provide a required
pressure drop, a desired fraction of extracted and recycled gas is obtained.
Optionally, the required pressure drop may be obtained by a choke valve on the
recycle linc.

In both embodiments of a desander according to the invention two modes of
operations concerning the management of the separated solids may be envisioned.
The first one is a batch-wise mode, wherein the accumulated solids will be flushed
after reaching a spccific level. The second mode is an online-mode, wherein the
scparated solids will be flushed out of the accumulator container in a continuous
manner.

In both embodiments, the rotation-generating element 12, including the blades and
the open passage 13, is made in one piece by CNC-milling. However, the rotation-
generating element may also be constructed by, for instance, blades welded to the
inner circumference of the internal separator, and the passage constituted by the gas
cxtraction line 14.

When the desander according to the invention comprises an outer housing, the
longitudinal element, or internal separator, is preferably replaceable. By measuring
the pressure drop over the desander, the state of the internal separator may be
monitored. When the internal separator is ruined by erosion, caused by the solids in
the high speed gas stream, the pressure drop over the desander will fall, indicating
the need for replacing the internal scparator.

All embodiments of the invention usce a counter current gecometry resulting in very
high removal efficiencies of solids from both dry and wet gas. Testing has showed
that solids with sizes down to 5 microns can be removed with an efficiency higher
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than 80%, and up to 99% for particles larger than 10-15 microns. In addition, the
desander of the present invention has a very compact design according to piping
code, is erosion proof due to the use of hard coating or ceramics intcrnals, and has
no rotating internals.
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Claims

1. A device for removing solids from a gas stream, comprising:

- alongitudinal hollow element (2} comprising an inlet (9), a first outlet
(10) and second outlet (11), and an internal rotation-generating element
(12) for the gas stream, and the rotation-generating element (12), which
causes the gas stream to rotate around a centerline (Y) of the hollow
element (2), is arranged between the first outlet (10) and the second
outlet (11) in the longitudinal direction of the hollow element (2), and
comprises a central axial passage (13), said passage is fluidly connected
to the first outlet (10) by an extraction line (14), said first outlet (10)
arranged between the inlet (9) and the rotation-generating element (12) in
the longitudinal direction of the hollow element, wherein a section (23)
of the hollow element is arranged between the second outlet (11) and the
rotation-generating element and has a decreasing inner circumference in
the longitudinal direction of the hollow element (2) towards said second
outlet (11), and the second outlet (11} of the longitudinal hollow element
is fluidly connected to a container (3) for accumulation of the solids,
such that the solids are transported by help of a minor fraction of the gas
stream into the container (3) during use; and

- ahousing (1) having at least a first outlet (5), within which housing the
longitudinal hollow element (2) is arranged, forming a space (15)
between an inner surface of the housing (1) and an outer surface of the
hollow element (2), said space (15) in fluid contact with the first outlet
(10) of the hollow element and the first outlet (5) of the housing;

wherein the interior of the container (3) is fluidly connected to the space
(15), or the first outlet of the housing (5), by a recycle line (8) having a
first and a second end, the first end of the recycle line (8) arranged
internal to the container (3) and the second end arranged downstream of
the first outlet (10) of the longitudinal hollow element (2), such that the
minor fraction of the gas stream is extracted through the recycle line (8)
and routed to the first outlet (5) of the housing during use.

2. A device according to claim 1, wherein the housing (1) comprises an inlet
(4), and the inlet of the housing is in fluid contact with the inlet (9) of the
longitudinal hollow element (2).

3. A device according to claim 1, wherein the first end of the recycle line (8)
comprises a collar (17), or flange, and a cap (16) arranged in front of said

AMENDED SHEET
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opening, such that solids are prevented from being entrained through the
recycle line (8).

A device according to claim 3, wherein the cap (16) is shaped as a hollow
cone arranged with the apex in the upstream direction, the opening of the
first end of the recycle line situated within the hollow, and the collar (17) 1s
in the shape of a truncated cone, or right frustum.

A device according to any of the claims 1-4, wherein the entire longitudinal
hollow element (2) is arranged within the housing (1), and the inlet (9) and

the first outlet (10) of said element is in fluid contact with the inlet (4) and

the first outlet (5) of the housing, respectively.

A device according to any of the claims 1-5, wherein the container (3)
comprises a solids outlet (18).

. A device according to any of the claims 1-6, wherein the container (3) is

comprised by a section of the housing (1).

A device according to any of the claims 1-7, wherein the longitudinal hollow
element (2) is removable from the housing (1).

A device according to any of the claims 1-8, wherein the housing (1)
comprises a pipe element adapted for inline connection, said element
preferably I-, T- or Y-shaped.

10. Use of a device according to any of the preceding claims to remove solids

11.

from a gas stream.
A method for removing solids from a gas stream, comprising the steps of:

- introducing the gas stream into a longitudinal hollow element (2),
wherein said gas stream is forced to rotate by use of a rotation-generating
element (12);

- leading a major part of the gas stream through the center of the rotation-
generating element (12) in a counter-current direction to the introduced
gas stream, and through an outlet (10) in the longitudinal hollow element;

- leading a minor part of the gas stream, and the solids, in a co-current
direction to the introduced gas stream;

- leading the minor part of the gas stream, and the solids, to a container (3)
for accumulation of the solids;

- separating the minor part of the gas stream and the solids,

AMENDED SHEET
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- recycling the minor part of the gas stream by a recycle line (8) to
combine it with the major part of the gas stream.

AMENDED SHEET
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Fig. 1
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