(12) STANDARD PATENT (11) Application No. AU 2013407853 B2
(19) AUSTRALIAN PATENT OFFICE

(54) Title
System for fluid redistribution

(51) International Patent Classification(s)

B0O1D 3/00 (2006.01) B0O1D 3/32 (2006.01)

B01D 3/20 (2006.01)
(21) Application No: 2013407853 (22) Date of Filing:  2013.12.20
(87) WIPO No: WO15/090476

(43) Publication Date: 2015.06.25
(44) Accepted Journal Date: 2018.07.12

(71)  Applicant(s)
Statoil Petroleum AS

(72)  Inventor(s)
Johannesen, Eivind;Jenssen, Carl Birger;Dupuy, Pablo Matias

(74)  Agent/ Attorney
FB Rice Pty Ltd, L 23 44 Market St, Sydney, NSW, 2000, AU

(56) Related Art
DE 10034902 A1




wo 2015/090476 A1 |1 I} NN T P00 RO R

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

25 June 2015 (25.06.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/090476 A1

(51

eay)

(22)

(25)
(26)
1

(72

74

International Patent Classification:
BO1D 3/00 (2006.01) BO1D 3/32 (2006.01)
BO1D 3/20 (2006.01)

International Application Number:
PCT/EP2013/077830

International Filing Date:
20 December 2013 (20.12.2013)

English
Publication Language: English

Applicant: STATOIL PETROLEUM AS [NO/NOJ; N-
4035 Stavanger (NO).

Inventors: JOHANNESEN, Eivind; Bjarne Ness veg 35,
N-7033 Trondheim (NO). JENSSEN, Carl Birger;
Schmidts gt. 5, N-7052 Trondheim (NO). DUPUY, Pablo
Matias; Asbergveien 11, N-7550 Hommelvik (NO).

Agent: GWILT, Julia; 2nd Floor, Fletcher House, Heatley
Road, The Oxford Science Part, Oxford, Oxfordshire OX4
4GE (GB).

Filing Language:

(8D

(84)

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, T™M,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: SYSTEM FOR FLUID REDISTRIBUTION

Figure 2c

(57) Abstract: A combined fluid collector and redistribut-
or (130) for a process engineering column, comprising a
fluid collector (132) for collecting a first fluid; a fluid re-
distributor (124) arranged below said fluid collector (132)
to define a space between said fluid collector (132) and
said fluid redistributor (124); at least one pipe (134)
passing through said space to connect said fluid collector
(132) to said fluid redistributor (124); and at least one con-
duit (136) extending through said fluid collector (132) to
permit a second fluid to flow through said fluid collector
(132). There is at least one deflector (140) in said space,
wherein said at least one deflector (140) is set at an angle
relative to a central axis of the device whereby flow of said
second fluid within said space is displaced angularly
around the central axis.
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System for fluid redistribution

Technical field

The invention relates to a system for fluid collection and redistribution, for example in
process-engineering columns such as a gas-liquid contactor column or a distillation

column.

Background art

Columns in which a light fluid such as a gas are contacted with a heavier fluid (e.g.
liquid) are well known in the art. For example, US2013/0204066 describes a unit for
establishing contact between a liquid and a gas which may be used for washing natural
gas to extract acid compounds or for drying gas by contacting it with a hydroscopic
liquid. US 2012/0118399 describes a process column in which a heavier fluid interacts
with a lighter fluid; the column may be a distillation column. US2007/0272326
describes a fractionation column and US2002/0041040 describes a counterflow

column. A generic term for such columns may be a process engineering column.

Figures 1 and 1d are schematic illustrations of two examples of a state of the art gas-
liquid contactor column which may be a carbon dioxide absorber, a distillation column
or another similar device. The column of Figure 1 comprises fluid collectors and
redistributors which are particularly suited to off-shore locations in which the column
may tilt. If the column were located onshore; simpler fluid collectors and redistributors
may be used.

Referring to Figure 1, a first fluid which may be a liquid is input through a first input 10
which is positioned towards the top of the column. For example, in a carbon dioxide
absorber column, the liquid is a solvent (e.g. water and one or more amines) which is
suitable for absorbing carbon dioxide. The first input 10 is connected to a fluid
distributor 24 an example of which is shown in more detail in Figure 1a. The fluid
distributor 24 is well known in the art and is not described in detail. However, as is
clearly shown the fluid distributor comprises a plurality of distribution pipes for evenly
distributing the fluid across the cross-section of the column. The fluid then flows
downwards through the column through upper packing 22 which is shown in more
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detail in Figure 1b. Again, the use of such packing is well known in the art and is not
described in detail. The packing may comprise a plurality of layers and may be
structured or random. As shown in Figure 1, two packing beds are used but more
packing beds may be used, for example three as shown in Figure 1d. For example, for
carbon-dioxide removal in a floating natural gas (FLNG) or floating production storage
and offloading (FPSO) vessel, use of three packing beds is typical.

A second fluid which is lighter than the first fluid and may be a gas is input through a
second input 12 which is positioned towards the bottom of the column. For example, in
a carbon dioxide absorber column, the second fluid is a gas where carbon dioxide is an
impurity which has to be removed. The second fluid rises through the column through
another packing bed 22 (lower packing) which may be same as that used below the
fluid distributor 24.

The first fluid which has passed through the distributor 24 and the packing 22 falls on to
the collector tray of a fluid collector and redistributor 30 which is shown in more detail in
Figure 1c. The redistributor 30 comprises a fluid collection plate 32. The level of fluid
on the upper surface of the plate 32 is schematically illustrated by line 20 (in Figure 1).
The second fluid (e.g. gas) which has risen through the column through lower packing
22 passes through chimneys 36 in the collection plate 32. The chimneys 36 pass
through the collection plate 32 and are sufficiently tall that the light fluid is output above
the level of fluid on the collection plate 32. In this way, there is no contact or interaction
between first and second fluids on the collection plate.

The fluid collector and redistributor 30 also comprises at least one (possibly two or
more) downcomer pipes 34 through which the heavier fluid passes from the collection
plate. The downcomer pipes 34 are connected to a fluid distributor 38. The
downcomer pipes 34 may be several metres long and thus there may be a large gap
between the collection plate 32 and the fluid redistributor 38. The use of the
downcomer pipes to channel the heavier fluid ensures that there is no interaction
between the heavier fluid and the gas in the gap between the collection plate or
anywhere within the fluid collector and redistributor 30. In this case, the fluid distributor
is a branched distributor which comprises a plurality of branches for uniformly
distribution of the fluid across the cross-section of the column.
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Returning to Figure 1-1d, the heavier fluid flows down from the distributor 38 through
lower packing 22 to collect in a fluid sump 18 at the bottom of the column. The first
fluid will interact with the second fluid as it rises through the lower packing 22, e.g. to
absorb carbon dioxide. The first fluid, e.g. the solvent which has absorbed the carbon
dioxide from the second fluid, is then removed from the column by first fluid output 16
located at the base of the column. Similarly, the first, heavier fluid will interact with the
second, lighter fluid as it rises through the upper packing 22, e.g. to absorb carbon
dioxide before the first fluid hits the collection plate. Fluid then flows out through a
second fluid output 14 located at the top of the column. For example, in a carbon
dioxide absorber column, the treated gas is drawn off from the second fluid output. A
meshpad 11 may be provided over the second fluid output 14.

Many of these process engineering columns are on a floating production facility, for
example a floating natural gas (FLNG) or floating production storage and offloading
(FPSO) vessel. One problem is that the columns are affected by tilt and motion of the
floating facility. This problem is recognised in the prior art, for example in US8118284,
which explains how the heavy fluid may not be uniformly distributed to the packing
below the redistributor under tilted and moving conditions. US8118284 describes a
pressure distributor which is designed to address this problem. However, the present
applicant has recognised the need for further improvement of the redistributor for use in

columns which are likely to tilt or move.

Any discussion of documents, acts, materials, devices, articles or the like which has
been included in the present specification is not to be taken as an admission that any
or all of these matters form part of the prior art base or were common general
knowledge in the field relevant to the present disclosure as it existed before the priority
date of each of the appended claims.

Summary of the invention

Throughout this specification the word "comprise", or variations such as "comprises" or
"comprising”, will be understood to imply the inclusion of a stated element, integer or
step, or group of elements, integers or steps, but not the exclusion of any other
element, integer or step, or group of elements, integers or steps.

According to a first aspect of the invention, there is provided a combined fluid collector

and redistributor for a process engineering column, comprising:
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a fluid collector for collecting a first fluid;

a fluid redistributor arranged below said fluid collector to define a space
between said fluid collector and said fluid redistributor;

at least one pipe passing through said space to connect said fluid collector to
said fluid redistributor;

at least one conduit extending through said fluid collector to permit a second
fluid to flow through said fluid collector; and

a plurality of deflectors in said space;

wherein said combined fluid collector and redistributor has a central axis and
wherein each deflector is set at an angle relative to the central axis whereby flow of
said second fluid within said space is displaced angularly around the central axis,

wherein each said conduit comprises a chimney having height sufficiently large
to reduce interaction between the first fluid and the second fluid on the fluid collector.

The combined fluid collector and redistributor is particularly useful for a process
engineering column which is not mounted on a fixed platform, i.e. a column which is
subject to tilting. Thus according to another aspect of the invention, there is provided a
process engineering column comprising a first inlet for a first fluid; a second inlet for a
second fluid which is lighter than said first fluid and a combined fluid collector and
redistributor as described above. Said first inlet is generally near the top of said
process engineering column; said second inlet is near the bottom of said process
engineering column and said combined fluid collector and redistributor is between said
first and second inlets. Typically, both the column and the fluid collector and the
redistributor of the combined fluid collector and redistributor have a generally circular
cross-section. The axis of the combined fluid collector and redistributor passes through
the centre of the cross-section and is parallel, preferably coincident, to the axis of the

column.

The deflectors adjust the flow of the second fluid, which may be a gas flowing upwards
through the column in order to improve the performance of a tilted/moving column. This
is particularly useful for a permanently tilted column as explained in more detail below.
Without angular displacement of the second fluid relative to the axis of the combined
fluid collector and the redistributor and hence the axis of the column, concentration
differences in the plane normal to the axis of the column, once created, will persist
throughout most of the column height. By contrast the known solution have focussed
on the distribution and circulation of the first fluid within the column, e.g. by using
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branched distributors to ensure an even distribution of the fluid across the cross-
section of the column or the pressure distributor of US8118284. However, circulation of
the first fluid and good distribution/redistribution only address the problem if the tilt is
about 1 degree or less.

The following statements may apply to both aspects of the invention.

The second fluid is a lighter fluid, typically a gas, and rises due to pressure difference
between the inlet 12 and the outlet 14. Accordingly, the second fluid always flows
generally parallel to the axis of the column even if the column is tilted. The first fluid is
a heavier fluid, typically a liquid, and flows vertically downwards due to gravity. Thus,
when the column is tilted, the downward flow is still vertical but ceases to be parallel to
the axis of the column (i.e. parallel to the axis of the combined fluid collector and
redistributor). Accordingly, there is no longer a uniform flow across the cross-section of
the column. Furthermore, in the parts of the column in which less of the first fluid is
flowing, more of the second fluid will flow because of less flow resistance in this part of
the column. The tilt is particularly problematic for the rising flow because the uneven
gradients can persist even after the tilt is reduced or changed. Given the length of the

columns (several metres), such uneven flow may thus prevail over a large height.

The process engineering column typically further comprises at least one packing bed
which in use is wetted by the first fluid for interaction with the second fluid. However,
when the column is tilted there may be a portion of the packing bed which is not wetted
by the first fluid. The maximum width w of the unwetted portion may be defined as:

w = Htana

where H is the height of the packing bed and o is the tilt angle. H may be several
metres and thus a small tilt angle may result in a relatively large unwetted portion. If the
second fluid flows through this unwetted portion, there is no interaction between the
two fluids and thus this unwetted portion may be termed a bypass area. The lack of, or
uneven, interaction of the two fluids will change the composition of the output from the
column so that in the worst case, the output does not meet the product specifications
and the column has to be shut down.
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The deflectors displace the second fluid angularly as it passes through the combined
collector and redistributor and thus any gradients which have been introduced as a
result of tilting are reduced or eliminated. The purpose of the angular displacement of
the second fluid is to transfer fluid that has passed through an unwetted region (i.e. a
region with a low amount of the first fluid also known as a region of low activity) in the
of packing below the combined fluid collector and redistributor to a wetted region (i.e. a
region with a high amount of the first fluid) in the packing above the combined fluid
collector and redistributor, and vice versa. The amount of angular displacement may be
related to the number of packing beds which are present in the column and may be
selected such that the second fluid passes once, and only once, through a region of
low activity. For a column with two beds, the angular displacements may be 180°, for
three beds 120° and so on. For a column with N beds, the desired angular
displacement between each bed could be M*360/N, where M is a positive integer. For
columns with more than four beds, it might be advantageous or necessary to direct the
second liquid more than once through a region of low activity.

The angular displacement may be between 90° and 180°.

The deflectors may be in the form of plates, baffles, vanes, or similar devices. The
properties, e.g. the shape, size, and/or angle of the deflectors may be designed or
selected to provide the desired amount of angular displacement. The plurality of
deflectors may be further arranged to block flow of said second fluid through a section
of said collector when said combined fluid collector and redistributor is tilted. For
example, the deflector may be shaped so that a portion of the deflector aligns with the
bypass area when in use and the column is tilted. The deflectors may also be
designed to obtain the required structural integrity within the space. The properties of
the deflectors, for example the angle with respect to said axis may be determined by
calculations, e.g. computational fluid dynamics (CFD), or experiments to obtain the
desired angular displacement of the second fluid. The deflectors may be planar or

curved.

There may be any number of deflectors, e.g. between four and eight. The shape of
each deflector may be designed to further disrupt the flow of the second fluid, e.g. by
comprising at least one curved edge. For example, where there are four deflectors,
each deflector may be quadrant shaped. Alternatively, there may be eight deflectors

which may be generally arcuate.
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Said at least one pipe may be substantially centrally located on said fluid collector
whereby the axis of the column and the at least one pipe are parallel or possibly the
same in use. There may be a plurality of pipes, e.g. two. The plurality of deflectors
may be evenly spaced around said at least one pipe. Each deflector may be fixed to
the pipe.

Each deflector is preferably static; disruption to the air flow is caused by the shape,
size and/or angle of the deflector. It will be appreciated that the shape of each
deflector needs to balance the competing requirements of providing sufficient angular
displacement to the fluid flow without blocking too much of the fluid flow.

The column may further comprise a fluid distributor for said first fluid, wherein said fluid
distributor is located above said combined fluid collector and redistributor. The fluid
distributor and the distributor within the combined fluid collector and redistributor may
be designed to distribute fluid evenly across the cross-section of the column. Each
may be a branched distributor as is known in the art. The fluid collector may have any
form as is known in the art. The fluid collector may be a generally planar plate or may
be shaped/angled to promote flow into the at least one pipe.

The combined fluid collector and redistributor is preferably shaped to be a tight fit within

the column.

Brief description of the drawings

The invention will be described in detail with reference to the attached figures. It is to
be understood that the drawings are designed solely for the purpose of illustration and
are not intended as a definition of the limits of the invention, for which reference should
be made to the appended claims. It should be further understood that the drawings are
not necessarily drawn to scale and that, unless otherwise indicated, they are merely
intended to schematically illustrate the structures and procedures described herein.

Figure 1 is a schematic cross-section of a contactor column according to the state of
the art;

Figure 1ais a schematic illustration of a component within the column of Figure 1;



24 May 2018

2013407853

)]

10

15

20

25

30

35

8

Figures 1b and 1c are perspective views of other components within the column of
Figure 1;

Figure 1d is a schematic view of a second contactor column according to the state of
the art;

Figures 1e to 1g are schematic perspective, cross-section and plane views of a section
of atilted column;

Figure 2 is a schematic cross-section of a contactor column according to the invention;

Figures 2a and 2b are perspective views of components within the column of Figure 2;

Figure 2c is a schematic view of a combined fluid collector and distributor for use in the

column of Figure 2;

Figure 2d is a schematic cross-section of the combined fluid collector and distributor of
Figure 2c;

Figure 3 is a perspective view of an alternative combined fluid collector and distributor
for use within the column of Figure 2;

Figure 4a is a cross-section showing the concentration of a tracer which represents
untreated lighter fluid (e.g. gas) within a column such as that shown in Figure 1 or 1d;

Figures 4b and 4c are cross-sections across the column of Figure 4a;

Figure 5a is a cross-section showing the concentration of a tracer which represents
untreated lighter fluid (e.g. gas) within a column such as that shown in Figure 4;

Figures 5b and 5¢ are cross-sections across the column of Figure 5a.

Detailed description of the drawings

Figures 1e to 1g schematically illustrate a problem with columns on floating facilities (or
other unstable facilities) in which the column may tilt. Figures 1e and 1f illustrate a
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section of the column, for example, the packing bed below the redistributor and Figure
1g is a cross-section through Figure 1f at the base of the bed. The height of the
section is H, the diameter of the column is D and the incline angle is a. The first
heavier fluid (e.g. solvent) flows vertically downwards through the column due to
gravity. By contrast, the second lighter fluid flows generally parallel to the axis of the
column because it is pressure drop through the column which governs the flow of the
second fluid (e.g. gas). If the column is tilted, there is a portion of the packing
(illustrated in dots) through which no heavy fluid flows and is therefore not wet. This
unwetted portion may be known as a region of low activity because there is little (or
none) of the first fluid to interact with the second fluid. As shown in Figure 1e, the
portion through which no heavier fluid flows has a generally crescent shape at the
lower surface of the packing bed. In Figure 1g, this is shown as an arc shape. The

maximum width w of the unwetted portion is defined as:

w = Htana

As set out above, H may be several metres and thus a small tilt angle may result in a
relatively large unwetted portion. It is noted that permanent tilt is not normally more
than 2 to 3 degrees but the tilt can oscillate up to 10 degrees. There is nothing
preventing a portion of the rising fluid passing through this unwetted packing. Any such
rising fluid will therefore not meet sufficient falling fluid. Moreover, because no heavier
fluid is falling through this section, it is easier for the lighter fluid to rise therethrough.
Thus, this unwetted portion may be termed a bypass area (gas bypass area if the
second fluid is a gas). If the bypass area is too large, product specifications for fluid
drawn from the top and bottom of the column may not be met.

The long length and also large diameter of the columns can thus result in a large gas
bypass area. Such columns will thus have significant concentration differences over the
cross-section of the column in the tilted and moving conditions. Once created, these
concentration gradients in the gas phase prevail throughout a large part of the column
height, even if the tilt changes or is removed. One known method for solving this
problem is to significantly increase design margins on the column height, diameter
and/or first fluid throughput. The worst case scenario is that the design margins are
insufficient to meet the production specifications once production has started, leading
to production losses and costly downtime for modifications.
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Figure 2 illustrates a column in which the above problem is addressed by using a
physical element which moves the second fluid, e.g. the gas. As explained in more
detail below, this ensures that any gradients which are created by tilting cannot prevalil
throughout the entire column and in particular when the second fluid is about to pass
through the chimneys in the collection plate.

Like Figure 1, Figure 2 is a schematic illustration of a gas-liquid contactor column which
may be a carbon dioxide absorber, a distillation column or another similar processing
engineering column. Many of the components in Figure 1 are the same as those used
in Figure 2; only the combined fluid collector and redistributor is changed and this is
described in more detail with reference to Figure 2c.

Figure 2 shows that a first fluid which may be a liquid is input through a first input 110
which is positioned towards the top of the column. The first input 110 is connected to a
fluid distributor 124 which is shown in more detail in Figure 2a and is the same as that
shown in Figure 1a. The fluid distributor 124 comprises a plurality of distribution pipes
for evenly distributing the first fluid across the cross-section of the column. The first
fluid then flows downwards through the column through upper packing 122 which is
shown in more detail in Figure 2b. Again, the packing is the same as that shown in
Figure 1b. It will be appreciated that the fluid distributor and upper packing may be
replaced or removed depending on the nature of the process engineering column.

Figure 1 also shows that a second fluid which is lighter than the first fluid and may be a
gas is input through a second input 112 which is positioned towards the bottom of the
column. The second fluid rises through the column through another packing bed 122
which may be same as that used below the distributor 124. This lower packing 122
may also be removed or replaced with another component depending on the nature of

the process engineering column.

The first fluid which has passed through the distributor 124 and the upper packing 122
falls on to the collector tray of a combined fluid collector and redistributor 130 which is
shown in more detail in Figure 2c. Fluid flows down from the redistributor 130 through
lower packing 122 to collect in a fluid sump 118 at the bottom of the column. This
collected fluid is drawn off through a first fluid output 116. Lighter fluid rises through the
column and flows out through a second fluid output 114. A meshpad 111 may be
provided over the second fluid output 114.
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Figures 2¢c and 2d shows the detail of the combined fluid collector and redistributor
130. As in Figure 1c, the redistributor 130 comprises a collector in the form of a fluid
collection plate 132. The second fluid (e.g. gas) which has risen through the column
through lower packing 122 passes through a plurality of chimneys 136 in the collection
plate 132. As in the embodiment of Figure 1c, the openings for the chimneys 136 are
covered, e.g. with “hats”, to prevent the heavier fluid raining into the chimneys.
Moreover, the height of the chimneys is sufficiently large to ensure that there is minimal
(if any) interaction between the two fluids on the collection plate 132. . Similarly, the
redistributor 130 comprises one (possibly more) downcomer pipe 134 through which
fluid passes to a fluid distributor 138. Thus, the downward flowing fluid is prevented
from interacting with the rising fluid in the space between the collector and the
redistributor. These pipe(s) are generally centrally located relative to the redistributor
and the collector. In this case, the fluid distributor is a branched distributor which
comprises a plurality of branches for uniformly distributed the combined fluid across the
cross-section of the column. However, any suitable distributor may be used. The
collection plate 132 is shown as generally planar in Figure 2 but it may angled and/or
sloped to promote flow into the downcomer pipes.

Merely for illustration, the typical height for such a combined collector and redistributor
is up to 5m and the typical diameter is up to 5m. The present invention can be used
independent of the size, but it will be most advantageous for the larger diameter
columns with tall redistributors. Concentration differences in the plane vertical to the
column axis are most challenging for larger diameter columns, and under severe

tiltymovement conditions where a tall redistributor is required.

There is a gap or space between the fluid distributor and the collector. As shown in
Figure 2d, this gap has a height H and a radius of R (which corresponds to the radius
of the column). The fluid distributor and the collector fit into a substantially circular
column and are thus both generally circular. The combined collector and redistributor
is centrally mounted within the column and has a central axis z which is substantially
coincident with the central axis of the column. The radial direction is denoted as r.

In the example of Figure 2c, four deflectors 140 are positioned between the fluid
distributor 138 and the fluid collection plate 132. These deflectors 140 have a
generally quadrant shape, in other words they have two generally straight edges
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connected by a curved edge. The length of one straight side of the plates can be
approximately R and the other H, while the length of the curved side is approximately
H/cos a. The deflector 140 may be truncated on one side to ensure a better fit. The
curvature of the curved edge matches that of the column and is adjacent an inner face
of the column. The shape is such that if the deflectors 140 were arranged at right
angles to the axis of the column they would form a plate or cover which would prevent
second fluid rising. The deflectors 140 are equally spaced around the axis of the
combined collector and redistributor. The deflectors 140 are positioned at an angle of
approximately 45 degrees to the axis of the column; in other words at an angle of
approximately 45 degrees to the plane of the collection plate and/or the distributor. The
deflectors 140 are fixed to the downcomer pipe in this arrangement but they may
alternatively or additionally be fixed to the inner surface of the column. The deflectors
may also be fixed to the fluid distributor 138. The deflectors 140 are static, i.e. they do

not move.

Figure 3 shows an alternative design for the fluid collector and redistributor which
comprises eight deflectors 142. The deflectors 142 are generally arcuate with two
curved edges. As in Figure 2c, the deflectors 142 are set at an angle of angle of
approximately 45 degrees to the plane of the collection plate 132 and/or the distributor
138 and are supported on the downcomer pipe 134.

Figures 4a to 5c¢ illustrate the effect of including the deflectors such as those shown in
Figures 2c and 3. Figures 4a to 4c show the flow through a column such as that shown
in Figure 1. A tracer is placed in the lighter fluid at the edge of column (in this case, the
right hand side with the tracer showing the lighter fluid in pale grey). As shown in
Figures 4a to 4c, the flow of the lighter fluid is largely undisturbed by the presence of
the combined fluid collector and redistributor 30 which is between two packing beds 22.
In other words, the tracked fluid generally flows straight up the side of the column.
Figure 4b shows that the concentration of the tracer is lower at the right side than in
Figure 4c. Thus, there is a small amount of deflection of the fluid as it rises through the
column. However, the fluid is generally rising through the same portion of the column.
Thus, if the column were tilted as explained above, with an unwetted portion at the right
hand side of the column, the rising fluid would pass through two unwetted portions and
would thus not interact with any of the falling fluid.
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Figures 5a to 5¢ show the flow through a column such as that shown in Figure 2.
Again a tracer is placed in the lighter fluid at the edge of column. However, as shown
in Figures 5a to 5c, the flow of the lighter fluid is displaced by an angle p of
approximately 120 degrees around the central axis of the combined fluid collector and
redistributor. The flow is displaced angularly by the deflectors in the combined fluid
collector and redistributor 130 which is between two packing beds 122. As illustrated in
Figure 5b which is a cross-section at the base of the upper packing bed, the
concentration of the tracer is highest in the area towards the left hand side of the
column. By contrast, in Figure 5c¢, the highest concentration of tracer is at the right
hand side of the column. Thus, the second, rising fluid has been displaced by between
90 to 180 degrees, mostly about 120 degrees around the axis of the combined fluid
collector and redistributor. Accordingly, if the column were tilted to the right hand side,
the rising fluid would flow through an unwetted area in the lower packing bed but is
then deflected or angularly displaced around the central axis to flow through a wetted
area of the upper packing bed. Moreover, there will be a higher concentration of the
falling fluid in the left hand side of such a tilted column. Thus, by the use of deflectors,
the rising fluid is guaranteed to interact with the falling fluid, even if the column is tilted.
Accordingly, overall product specifications will be improved.

No doubt many other effective alternatives will occur to the skilled person. It will be
understood that the invention is not limited to the described embodiments and
encompasses modifications apparent to those skilled in the art lying within the spirit
and scope of the claims appended hereto.
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CLAIMS:

1. A combined fluid collector and redistributor for a process engineering column,
comprising:

a fluid collector for collecting a first fluid;

a fluid redistributor arranged below said fluid collector to define a space
between said fluid collector and said fluid redistributor;

at least one pipe passing through said space to connect said fluid collector to
said fluid redistributor;

at least one conduit extending through said fluid collector to permit a second
fluid to flow through said fluid collector; and

at least one deflector in said space,

wherein said combined fluid collector and redistributor has a central axis and
wherein said at least one deflector is set at an angle relative to the central axis
whereby flow of said second fluid within said space is displaced angularly around the
central axis,

wherein each said conduit comprises a chimney having height sufficiently large
to reduce interaction between the first fluid and the second fluid on the fluid collector.

2. The combined fluid collector and redistributor of claim 1, wherein the flow of
said second fluid is displaced by between 90 to 180 degrees around the central axis.

3. The combined fluid collector and redistributor of claim 2, wherein the flow of
said second fluid is displaced by approximately 120 degrees around the central axis.

4, The combined fluid collector and redistributor of any one of the preceding
claims, wherein said at least one deflector is set an angle of approximately 30 degree
relative to the central axis.

5. The combined fluid collector and redistributor of any one of the preceding
claims, wherein the shape and/or size of the at least one deflector is selected to
contribute to the displacement of the flow of said second fluid.

6. The combined fluid collector and redistributor of any one of the preceding

claims, comprising four deflectors.
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7. The combined fluid collector and redistributor of claim 6, wherein each deflector
is quadrant shaped.

8. The combined fluid collector and redistributor of any one of claims 1 to 5
comprising eight deflectors.

9. The combined fluid collector and redistributor of claim 6, wherein each deflector
is generally arcuate.

10. The combined fluid collector and redistributor of any one of the preceding
claims, wherein there are a plurality of deflectors which are evenly spaced around said
at least one pipe.

11. The combined fluid collector and redistributor of any one of the preceding
claims, wherein the plurality of deflectors are arranged to block flow of said second fluid
through a section of said collector when said combined fluid collector and redistributor
is tilted.

12. The combined fluid collector and redistributor of any one of the preceding claims,
wherein each said chimney is covered to prevent the first fluid raining into the chimney.

13. A process engineering column comprising

a first inlet for a first fluid;

a second inlet for a second fluid which is lighter than said first fluid and

a combined fluid collector and redistributor of any one of the preceding claims;

wherein said first inlet is near the top of said process engineering column; said
second inlet is near the bottom of said process engineering column and said combined
fluid collector and redistributor is between said first and second inlets.

14. A process engineering column according to claim 13, further comprising at least
one packing bed.

15. A process engineering column according to claim 14, comprising N packing
beds and wherein the flow of said second fluid is displaced by an angle defined by
M*360/N, where M is a positive integer.
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