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INLET VANE DEVICE WITH INNER BEAM FOR RIGIDITY AND VESSEL CONTAINING SAME

CROSS-REFERENCE TO RELATED APPLICATION
This application claims priority to U.S. Provisional Patent Application No. 62/287688,

filed on January 27, 2016, which is hereby incorporated by reference in its entirety.
BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to vessels in which phase separation of a fluid
stream occurs and, more particularly, to an inlet vane device for redirecting the flow of the fluid
stream as it enters the vessel and facilitating the removal of a liquid phase from the fluid stream.
[0002] Various types of inlet devices are used in vessels such as separators and distillation
towers to redirect and reduce the momentum of a fluid stream as it is introduced into the vessel.
These inlet devices are also used to facilitate the removal of a liquid phase from a gas phase in
the fluid stream so that a lower liquid load is presented to a mist eliminator or other internal that
may be positioned downstream from the inlet device.

[0003] One type of inlet device, referred to as a vane inlet device, uses first and second
arrays of curved vanes that converge toward each other in the direction of the inflow of the fluid
stream. The vanes partition the feed stream into smaller segments and redirect them out the sides
of the vane inlet device for outward flow across the internal area of the vessel. The vanes are
connected to top and bottom plates that confine the flow of the fluid stream and serve as
mounting surfaces for the vanes. In applications where the fluid stream has a high velocity or
volumetric flow, the components of the vane inlet device must be formed from thicker gauge
materials or must otherwise be strengthened to withstand the vibratory forces exerted by the fluid
stream. Increasing the thickness of the components will normally increase the fabrication cost of

the vane inlet device, significantly so when the components must be formed of expensive
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specialized materials to withstand the conditions within the vessel. Conventional vane inlet
devices are also limited in the ability to regulate the respective amounts of the fluid stream
discharged out the sides of the vane inlet device.

[0004] A need has thus developed for a vane inlet device having greater resistance to the
vibratory forces caused by the fluid stream, as well as an increased ability to regulate the flow of

the fluid stream within and when discharged from the vane inlet device.

SUMMARY OF THE INVENTION

[0005] In one aspect, the present invention is directed to a vane inlet device for use in a
vessel to receive and redistribute a fluid stream entering the vessel. The vane inlet device
comprises a passageway bounded by a top plate and a bottom plate spaced from the top plate.
The passageway has an inlet end for receiving the fluid stream when it enters the vessel, an
opposite end, and first and second sides. The vane inlet device also includes a first array of
vanes positioned in spaced apart relationship to each other along the first side of the passageway
for receiving a first portion of said fluid stream when flowing from the inlet end of the
passageway toward the opposite end and redirecting it out the first side of the passageway. The
vane inlet device includes a second array of vanes positioned in spaced apart relationship to each
other along the second side of the passageway for receiving a second portion of said fluid stream
when flowing from the inlet end of the passageway toward the opposite end and redirecting it out
said second side of the passageway. A spacing between the first array of vanes and the second
array of vanes progressively decreases in a direction from the inlet end of the passageway toward
the opposite end. The vane inlet device further includes a beam extending from the top plate to

the bottom plate between the first and second arrays of vanes to reduce flexure of the top and
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bottom plates. The beam also serves to separate the first and second portions of the fluid stream
as they flow through the passageway.

[0006] In another aspect, the present invention is directed to a vessel comprising an external
shell defining an interior volume, an opening in the external shell for delivering a fluid stream
into the interior volume, an inlet flange surrounding the opening and extending outwardly from
the external shell, and a vane inlet device as described above positioned primarily in the interior
volume of the external shell of the vessel in alignment with the opening and connected to an

interior surface of the external shell.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a side elevation view of a vessel, with a portion of an external shell of the
vessel broken away to show a vane inlet device of the present invention positioned within an
internal region within the vessel to receive and redistribute a fluid stream introduced into the
vessel through an inlet nozzle;

[0008] FIG. 2 is an enlarged, fragmentary, top perspective view of the vessel shown in FIG.
1 with the external shell broken away to show the vane inlet device;

[0009] FIG. 3 is a top plan view of the vessel showing the vane inlet device, with portions of
the vessel broken away;

[00010] FIG. 4 is an enlarged, front perspective view of the vane inlet device removed from
the vessel;

[00011] FIG. 5 is a fragmentary, side elevation view of the vessel showing the vane inlet

device, with portions of the vessel broken away;
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[00012] FIG. 6 is a fragmentary, top perspective view of the vane inlet device removed from
the vessel and taken in horizontal cross section;

[00013] FIG. 7 is an enlarged, rear perspective view of the vane inlet device removed from the
vessel;

[00014] FIG. 8 is a top perspective of the vessel showing the vane inlet device taken in
horizontal cross section, with portions of the vessel broken away;

[00015] FIG. 9 is an enlarged, front perspective view of the vane inlet device, with portions of
the vane inlet device being broken away to better illustrate details of construction;

[00016] FIG. 10 is an enlarged, fragmental, front perspective view of the vane inlet device
taken in horizontal section; and

[00017] FIG. 11 is a side elevation view of another embodiment of the vessel in which two of
the vane inlet devices are used to receive and redistribute two fluid streams entering the vessel

through two inlet nozzles that are positioned 180° apart around the circumference of the vessel.

DETAILED DESCRIPTION

[00018] Turning now to the drawings in greater detail and initially to FIG. 1, a vane inlet
device 10 in accordance with an embodiment of the present invention is shown mounted within a
vessel 12. The vessel 12 may be one in which mass transfer and/or heat exchange processes are
intended to occur and/or in which separation of fluid phases in a fluid stream is intended. The
vessel 12 includes an external shell 14 that is generally cylindrical in configuration, although
other configurations, including polygonal, are possible and are within the scope of the present
invention. The shell 14 is of any suitable diameter and length and is constructed from one or

more rigid materials that are desirably inert to, or are otherwise compatible with the fluids and
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conditions present within the vessel 12. The shell 14 may be oriented vertically or horizontally
and defines an internal region 16 in which the vane inlet device 10 is located.

[00019] In one embodiment, the vessel 12 is a mass transfer column of a type used for
processing fluid streams, typically liquid and vapor streams, to obtain fractionation products
and/or to otherwise cause mass transfer and/or heat exchange between the fluid streams. For
example, the vessel 12 can be one in which crude atmospheric, lube vacuum, crude vacuum,
fluid or thermal cracking fractionating, coker or visbreaker fractionating, coke scrubbing, reactor
off-gas scrubbing, gas quenching, edible oil deodorization, pollution control scrubbing, and other
processes occur. In another embodiment, vessel 12 is a separator for removing or reducing the
amount of a liquid phase that is present in the gas phase of the fluid stream.

[00020] The vessel 12 includes a flanged inlet nozzle 18 for connecting to a feed line (not
shown) to introduce the single-phase or multi-phase fluid stream into the internal region 16 of
the vessel 12. Other inlet nozzles may be positioned at other locations on the vessel 12 to
introduce other fluid streams into the vessel 12. The vessel 12 will also typically include an
overhead nozzle 20 for removing a vapor stream and a bottom stream takeoff nozzle 22 for
removing a liquid stream from the vessel 12. A manway 24 may be provided for allowing a
person to enter the internal region 16 of the vessel 12 and for internals such as the vane inlet
device 10 to be placed within and removed from the vessel 12 during installation, installation,
maintenance, and revamping procedures.

[00021] Other components that may be used in association with the vessel 12, such as reflux
stream nozzles, reboilers, condensers, and the like, are not illustrated in the drawings because
they are conventional in nature and an illustration of these components is not believed to be

necessary for an understanding of the present invention. Similarly, other internals that may be
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used in addition to the vane inlet device 10 within the vessel 12, such as liquid distributors, trays,
structured and random packings, mist eliminators, and the like, are not shown because they are
conventional and unnecessary for an understanding of the present invention.

[00022] Turning additionally to FIGS. 2-10, the vane inlet device 10 is positioned in
alignment with the inlet nozzle 18, which in one embodiment is oriented to introduce a fluid
stream into the internal region 16 in a radial direction with respect to a central axis of the vessel
12. The vane inlet device 10 forms a passageway 26 that receives and redistributes the fluid
stream that is introduced into the internal region 16 of the vessel 12 through the inlet nozzle 18.
The passageway 26 is bounded by a top plate 28, an optional bottom plate 30, and first and
second sides 32 and 34. An inlet end 36 of the passageway 26 is positioned adjacent the inlet
nozzle 18 and an opposite end 38 of the passageway 26 is located a preselected distance from the
inlet end 36. In one embodiment, the opposite end 38 of the passageway 26 is positioned at or is
spaced a preselected distance from the portion of the shell 14 opposite from the inlet nozzle 18.
The passageway 26 is generally sized and positioned to receive and redistribute the entire fluid
stream as it enters the internal region 16 of the vessel 12 through the inlet nozzle 18.

[00023] A first array 40 of vanes 42 is positioned along the first side 32 of the passageway 26
and a second array 44 of vanes 46 is positioned along the second side 34 of the passageway 26.
The vanes 42 in the first array 40 are spaced apart from each other a preselected distance, which
is normally a uniform distance. Likewise, the vanes 46 in the second array 44 are spaced apart
from each other the same or a different distance than the spacing between the vanes 42 in the
first array 40. The vanes 42 may be in sideways alignment with vanes 46 or they may be offset
from such alignment. The vanes 42 and 46 are further arranged so that they are positioned

successively closer to the longitudinal center of the passageway 26 in a direction from the inlet
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end 36 to the opposite end 38 so that only a portion of each vane 42 and 46 is exposed to the inlet
nozzle 18 and the remainder is shielded by the adjacent vane 42 or 46. As a result of this
arrangement, when the fluid stream flowing within the passageway 26 encounters each vane 42
and 46, the exposed portion of the vane 42 or 46 separates a portion of the fluid stream from the
main flow and diverts it sideways to flow in the spacing between adjacent ones of the vanes 42
or 46 for outward discharge from the respective first or second side 32 or 34 of the passageway
26.

[00024] A planar beam 48 is positioned between the first and second arrays 40 and 44 of
vanes 42 and 46 extends along the length of the passageway 26 in alignment with the flow of the
fluid stream entering the vessel 12 through the inlet nozzle 18. The beam 48 has a forward end
50 positioned near the inlet nozzle 18 and a back end 52 that may be positioned near or beyond
the opposite end 38 of the passageway 26. The beam 48 is connected to and extends
downwardly from the top plate 28 and is connected to the bottom plate 30, if present.

[00025] In one aspect, the beam 48 is positioned centrally in the passageway 26 between the
first and second arrays 40 and 44 of vanes 42 and 46 so that the fluid stream is split by the beam
48 into two roughly equal portions for flow along the passageway 26 on opposite sides of the
beam 48. The first and second portions of the fluid stream may be substantial equal in flow
volume and rate, such as when the fluid stream is introduced into the vessel 12 along its radius
and the beam 48 extends along the radius. In other embodiments, the beam 48 can be positioned
off-center to split the fluid stream into unequal portions for flow along opposite sides of the
beam 48. For example, if the inlet nozzle 18 is positioned non-radially, it may be desirable to
cause greater flow of the fluid stream along one side of the beam 48 than the other side of the

beam 48 so that the fluid stream is more uniformly distributed across the internal region 16 of the
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vessel 12 after being discharged from the vane inlet device 10. Positioning the beam 48 off-
center from the inlet nozzle 18 a preselected amount will cause the first and second portions of
the fluid stream to be unequal, thereby allowing the desired redistribution of the fluid steam to be
obtained.

[00026] In some applications, the beam 48 has at least one and normally more than one
opening 53 located within the passageway 26 to allow at least some of the fluid stream to pass
through the beam 48 to equalize the pressure on opposite sides of the beam 48 as the first and
second portions of the fluid stream flow within the passageway 26. In some embodiments, the
multiple openings 53 are positioned and/or sized to cause greater volumetric flow of the fluid
stream in certain regions to thereby achieve the desired distribution of the fluid stream after it is
discharged by the vane inlet device 10.

[00027] In another aspect, the beam 48 serves to dampen vibrations that the fluid stream
might otherwise impart to the vane inlet device 10, particularly when the fluid stream has a high
velocity and mass flow rate, and to generally increasing the rigidity and strength of the vane inlet
device 10. When interconnected, the beam 48 and the top and bottom plates 28 and 30 form an
I-beam construction that greatly increases the ability of the vane inlet device 10 to withstand the
vibratory forces. The beam 48 may be of a one-piece construction or it may be formed from
separate smaller segments that are sized to be inserted through the manway 24 and joined
together within the internal region 16 of the vessel 12. The segments forming the beam 48 are
joined together along edges that extend longitudinally in the direction from the inlet end 36 to the
opposite end 38 of the passageway 26. Various methods may be used to secure the segments
together, such as by welding, bolting or using pin connectors of the type disclosed in U.S. Patent

No. 8,485,504, the disclosure of which is incorporated herein by reference.
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[00028] Each vane 42 and 46 is curved in a direction to present a concave surface on a front
side 54 of the associated vane 42 or 46 that faces in a direction toward the inlet nozzle 18. Each
vane 42 and 46 has a leading edge 56 positioned nearest the beam 48 and an opposite trailing
edge 58. In one embodiment, the leading edges 56 of the vanes 42 in the first array 40 are
positioned in a first common vertical plane and the leading edges 56 of the vanes 46 in the
second array 44 are positioned in a second common vertical plane, with the first and second
common vertical planes converging toward each other in the direction from the inlet end 36 of
the passageway 26 toward the opposite end 38. In other embodiments, the leading edges 56 of
the vanes 42 and 46 may be in a curved or other non-linear arrangement, such as when there is
non-uniform spacing between some of the vanes 42 or 46 in their respective first and second
arrays 40 and 44.

[00029] The trailing edge 58 of each of the vanes 42 in the first array 40 and each of the vanes
46 in the second array 44 is formed into a liquid collection channel 60 positioned on a back side
62 of the respective vane 42 or 46. An aperture 64 or multiple ones of the aperture 64 are
positioned near the trailing edge 58 of each vane 42 and 46 and extends from the front side 54 to
the back side 62 of the vane 42 or 46. Each aperture 64 is positioned to allow liquid on the front
side 54 of the vane 42 or 46 to pass through the vane 42 or 46 and enter the liquid collection
channel 60 on the back side of the vane 42 or 46. The liquid collection channel 60 may extend
perpendicularly to the top plate 28 or it may be inclined at an angle thereto.

[00030] The vanes 42 and 46 are connected to the top plate 28 and extend to and are
connected to the bottom plate 30, when present. Each vane 42 and 46 may be of a one-piece
construction or multiple segments may be joined together to form each vane 42 and 46. For

example, as illustrated, each vane 42 and 46 may be formed by individual segments that are
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joined to webs 66. Openings 68 are provided in the webs 66 in alignment with the liquid
collection channels 60 to allow liquid to flow downwardly in liquid collection channels 60
through the webs 66 for exiting the vane inlet device 10. Other openings 69 are positioned in the
webs 66 to allow liquid outside the liquid collection channels 60 to also pass through the webs
66. The webs 66 may be interconnected to the beam 48 by braces 70 to add greater strength and
rigidity to the vane inlet device 10.

[00031] The passageway 26 is closed at the opposite end 38 to the flow of the fluid stream,
such as by positioning the final ones of the vanes 42 and 46 in contact with the beam 48. A
vertically-extending drain passage 72 is formed at the opposite end 38 of the passageway 26
beyond and on the opposite side of the final ones of the vanes 42 and 46. The drain passage 72
extends downwardly from the top plate 28 to the bottom plate 30, if present.

[00032] The top plate 28 may comprise a central potion 73 covering the area between the first
and second arrays 40 and 44 of vanes 42 and 46 and drain channels 74 that extend along and
cover the first and second arrays 40 and 44 and feed into the drain passage 72. In one
embodiment, the central portion 73 of the top plate 28 is elevated above the drain channels 74 to
cause liquid to flow from the top plate 28 into the drain channels 74.

[00033] The vane inlet device 10 is secured to the inner surface of the external shell 14 of the
vessel 12, such as by welding or other suitable means. For example, the vane inlet device 10
may include beam seats 76 that are welded or otherwise secured to an undersurface of the bottom
plate 30 at opposite ends thereof for welding or other securement to the inner surface of the
external shell 14.

[00034] The vane inlet device 10 may also include a flow straightening device 78 at the inlet

end 36 of the passageway 26 to reduce the turbulence of the fluid stream before it encounters the

10
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vanes 42 and 46 in the passageway 26. The flow straightening device may, in one embodiment,
comprise a grid-like structure that extends a preselected distance into the inlet nozzle 18 so that
the turbulence of the fluid stream is reduced before it enters the interior region 16 of the vessel
12. The vane inlet device 10 may also include braces 80 that extend transversely across the top
plate 28 and the bottom the plate 30 at spaced apart locations to strengthen the vane inlet device
10.

[00035] It can be seen that the vane inlet device 10 operates to receive the fluid stream
entering the vessel 12 through the inlet nozzle 18 and initially subdivide it into first and second
portions as the fluid stream encounters and flows along opposite sides of the beam 48. Each of
the first and second portions of the fluid stream is then further subdivided as it encounters the
first and second arrays 40 and 44 of vanes 42 and 46 and is redirected by the vanes 42 and 46 to
flow outwardly in the spacing between adjacent ones of the vanes 42 or 46. The subdivided first
and second portions of the fluid steam are then discharged out the sides of the vane inlet device
10 for flow across and then upwardly within the internal region 16.

[00036] Liquid in the liquid phase of the fluid stream is separated from the gas phase as it
impacts against the vanes 42 and 46 and then flows downwardly along the vanes 42 and 46 onto
the webs 66, as well as outwardly along the vanes 42 and 46 for entry into the liquid collection
channels 60 through the apertures 64. The liquid through flows through the openings 68 and 69
in the webs 66 and ultimately drains out through the bottom plate 30 of the vane inlet device 10
with reduced opportunity for re-entrainment with the gas phase of the fluid stream. Any liquid
that descends from above the vane inlet device 10 onto the top plate 28 is shielded from re-
entrainment by being directed into the drain channels 74 and then into the drain passage 72 for

discharge below the vane inlet device 10.

11
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[00037] In operation of the vane inlet device 10, the beam 48 not only serves to split and
segregate the fluid stream as it flows along the passageway 26, but also serves to increase the
strength and rigidity of the vane inlet device 10 to reduce the opportunity for the fluid stream to
damage and impede the operation of the vane inlet device 10.

[00038] In another embodiment, the fluid stream may be directed into the vessel through two
inlet nozzles that are aligned on opposite sides of the external shell. An inlet flow device 10 may
be associated with each of the inlet nozzles 18, as depicted in FIG. 11, with the back ends 52 of
the two inlet flow devices 10 being joined to each other rather than to the external shell 14 of the
vessel 12 as is the case when a single inlet flow device 10 is used. In other embodiments, the
inlet nozzles 18 may be positioned at locations other than 180° from each other around the
circumference of the vessel 12.

[00039] From the foregoing, it will be seen that this invention is one well adapted to attain all
the ends and objectives hereinabove set forth together with other advantages that are inherent to
the structure.

[00040] It will be understood that certain features and subcombinations are of utility and may
be employed without reference to other features and subcombinations. This is contemplated by
and is within the scope of the invention.

[00041] Since many possible embodiments may be made of the invention without departing
from the scope thereof, it is to be understood that all matter herein set forth or shown in the

accompanying drawings is to be interpreted as illustrative and not in a limiting sense.
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CLAIMS

1. A vane inlet device for use in a vessel to receive and redistribute a fluid stream
entering the vessel, said vane inlet device comprising:

a passageway bounded by a top plate and a bottom plate spaced from the top plate,
said passageway having an inlet end for receiving the fluid stream when it enters the vessel,
an opposite end, and first and second sides;

a first array of vanes positioned in spaced apart relationship to each other along said
first side of the passageway for receiving a first portion of said fluid stream when flowing
from the inlet end of the passageway toward the opposite end and redirecting it out said first
side of the passageway;

a second array of vanes positioned in spaced apart relationship to each other along said
second side of the passageway for receiving a second portion of said fluid stream when
flowing from the inlet end of the passageway toward the opposite end and redirecting it out
said second side of the passageway,

wherein a spacing between the first array of vanes and the second array of vanes
progressively decreases in a direction from the inlet end of the passageway toward the
opposite end; and

a beam extending from the top plate to the bottom plate between said first and second
arrays of vanes to reduce flexure of the top and bottom plates and separating said first portion

of the fluid stream from the second portion.

2. The vane inlet device of claim 1, wherein said beam has at least one opening to allow

13



some of said fluid stream to pass through the beam to equalize pressure on opposite sides of
the beam.

3. The vane inlet device of claim 2, wherein each of said first and second arrays of vanes
extend from the top plate to the bottom plate and is connected thereto.

4. The vane inlet device of claim 3, wherein each of said vanes in said first and second
arrays are curved to present a concave surface on a front side of the vane facing in the
direction of the inlet end of the passageway.

5. The vane inlet device of claim 4, wherein each of said vanes in said first and second
arrays has a leading edge positioned nearest the beam and an opposite trailing edge, wherein
the leading edges of the vanes in the first array are positioned in a first common vertical plane
and the leading edges of the vanes in the second array are positioned in second common
vertical plane, wherein the first and second common vertical planes converge toward each
other in the direction from the inlet end of the passageway toward the opposite end.

6. The vane inlet device of claim 5, wherein the trailing edge of each vane in said first
and second arrays is formed into a liquid collection channel positioned on a back side of the
vane and including an aperture in the vane extending from the front side to the back side of
the vane and positioned to allow liquid on the front side of the vane to pass through the
aperture and enter the liquid collection channel on the back side of the vane.

7. The vane inlet device of claim 4, including braces extending from said first and second
arrays of vanes to the beam.

8. The vane inlet device of claim 4, including straightening vanes positioned at said inlet
end of the passageway and extending in a direction away from said opposite end of the

passageway for reducing turbulent flow of said fluid stream.
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9. The vane inlet device of claim 8, including a vertically-extending drain passage
formed at said opposite end of the passageway beyond a final pair of vanes in said first and
second arrays of vanes and extending downwardly from said top plate.

10.  The vane inlet device of claim 9, including a drain channel extending along said top
plate to direct liquid when on an upper surface of said top plate to the drain passage.

11.  The vane inlet device of claim 1, wherein said beam comprises wall segments joined
together along edges extending in said direction from the inlet end of the passageway toward
the opposite end.

12. A vessel comprising:

an external shell defining an interior volume;

an opening in said external shell for delivering a fluid stream into said interior volume;

an inlet flange surrounding said opening and extending outwardly from said external
shell; and

a vane inlet device according to any one of claims 1 to 6 positioned primarily in said
interior volume of the external shell of the vessel in alignment with said opening and
connected to an interior surface of the external shell,

a passageway bounded by a top plate and a bottom plate spaced from the top plate,
said passageway having an inlet end for receiving the fluid stream when it enters the vessel,
an opposite end, and first and second sides; and

straightening vanes positioned at said inlet end of the passageway and

extending into said inlet flange for reducing turbulent flow of said fluid stream.
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13.  The vane inlet device comprised in the vessel according to claim 12, wherein said
vanes in said first and second arrays are curved to present a concave surface on a front side of
the vane facing in the direction of the inlet end of the passageway. said vane inlet device
including a vertically-extending drain passage formed at said opposite end of the passageway
beyond a final pair of vanes in said first and second arrays of vanes and extending
downwardly from said top plate.

14.  The vane inlet device of claim 13, including a drain channel extending along said top
plate to direct liquid when on an upper surface of said top plate to the drain passage.

15.  The vessel of claim 12, wherein said beam comprises wall segments joined together
along edges extending in said direction from the inlet end of the passageway toward the

opposite end.
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