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PIPING INTERNALS TO COMNTROL GAS-LIQUID FLOW SPLIT

FIELDOF THE INVENTION

13081 The invention is generally related to handling of fluid flows ina

reaction systen, such as tluid flow o a refinery setting.

BACKGROUND OF THE INVENTION

6802} Large reaction systems can have multiple locations where a fluid
flow in a pipe is split into two separate streams. In many situations, it can be
desirable to split such a fluid flow so that the resulting separate streams contain
roughly equal portions of the wnitial flow. Unfortunately, simply forming a tee-
junction of pipes does not automatically result in a roughly equal distribution.
This problem is accentuated for fluid flows that include both a gas phaseand a

liguid phase portion.

{6003] 1.8, Patent No. 4,824,614 desertbes an internal pipe structwre for
improving the division of fluid flow between two branches of a pipe. The piping
internals can include a static mixer which s followed by a flow stratificr and a
flow divider. The resulting combination of serial structures 15 designed for use
in splitting a flow in a side junction sttuation, where one portion of the flow

continues in roughly the same divection as the flow prior to splitting,

16064} LS. Patent No. 5,670,093 describes a structure for splitting fluid
flows that avoids the use of a tee-juniction. The structure appears to be designed
for use in vertical pipes, where gravity aids the flow of {Tuid along the vertical
direction. Afier flowing through a static mixer, the fluid enters a plurality of

pipes that have a roughly paraliel flow path compared in the mitial pipe.
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{HOBS] {.S. Patent No. 5,810,032 describes a variely of possible internal
structures for use near a tee-junction. Structures are described that include a
dividing wall placed in the pipe upstream from the tee-junction. Nozzle
structures are used on the two exit pipes from the tee~junction to constrict the
flow. The nozzles on the exit pipes are described as causing turbulence that
improves nuxing of the liguid and gas prior to Hlowing wito the exit pipes. U.5.
Patent Ne. 5,810,032 also describes an embodiment where the pipe for the input
1o the fee-junction s narrowed prior to entering the junction. However, this
coufiguration is reported as actually increasing the disparity between the exit

flows from the tee-junction.

(68306} .S, Patent Application Publication No, 2009/0159528 describes a

flow divider system where a dividing fin is placed in a pipe prior to a junction.

16067} PCT Publication No. WO 2008/157925 Al describes a flow splitting
device for annular two phase pipe flow. The flow splitting device appears to be
designed for use in 4 side junction situation, where ong of the exit flows
coutinues along roughly the same direction as the input flow to the junction.

The flow splitting device includes an annular ring that constricts the input flow
prior to entering the side junction. If the flow i the pipe has the form of a hiquid
near the pipe walls with a central core of gas, the annular ring torces the liguid
away from the walls, All of the gas and liquid in the tlow pass through the
central opening of the asnular ring. Dowasiream from the annular ring, a flow
barrier is also included that partially obstructs the flow into the exit pipe that is

roeughly aligned with the mput pipe.
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SUMMARY OF THE INVENTION

{6888} Inn one aspect of the invention, a baffle structure for a conduit
carrying a fluid flow including a gas phase component and a liquid phase
component is provided. The baffle structure can include a structure that defines
a central opening. A ring can surround the structure defining the central
opening. an inner surface of the ring being in contact with the structure defining
the central opening. The ring can inchide a plurality of slots, each slot having a
siot entrance. At least one barrier plate can be located a distance above an
entrance for each of the plurality of slots, the at least one barrier plate providing
a total barrier plate surface area greater than a combined area of the slot
entrances. The baffle structure can also mclude at least one drainage hole, the

drainage hole having an arca less than an area of a slot enirance.

(G309 In another aspect of the invention, a baftle structure for a conduit
carrying a fluid flow including a gas phase component and a higuid phase
component is provided. The baffle structure can include a structure that defines
a central opening. A plurality of rings can surround the structure defining the
central opening, an inner surface of at least one of the plurality of rings being in
contact with the structure defining the central openmg. Each of the rings can
incluide at least one slot, the slots being aligned to create a pass-through opening

along an axis parallel to an axis of the central opening.

{6810} in still another aspect of the invention, a method for improving the
distribution of a fluid flow between outlet conduits of a conduit junction is
provided. The method includes mtroducing a fluid flow inchudimg both a gas
phase component and a lqguid phase component into an inlet conduit of a conduit

junction, the conduit junction having at least two outlet conduits. A baffle
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structure can be provided in the inlet conduit. The baffle structure can tuclude:
a structure that defines a central opening; a ring surrcunding the structure
defining the central opening, an inner surface of the ring being in contact with
the structure detining the central opening; a phurality of slots in the ring, sach
slot having a slot entrance; at least one barrier plate located a distance above an
entrance for each of the plurality of slots, the at least one barrier plate providing
a total barrier plate surface area greater than a combined area of the slot
entrances; and at least one drainage hole, the drainage hole have an area less
than an area of a slot entrance. An exit from a central opening of the baffle
structure can be less than about 2.0 times the length of the baffle structure from
the conduit junction. The fluid flow can be passed through the baffle structure,
at least a portion of the gas phase component passing through the central
opening of the baffle structure and at least a portion of the liguid phase
component passing through the plurality of slots in the ring. The fluid flow can
then be divided hetween the at least two outlet conduits. A volume of the gas
phase component received by each outlet conduit can differ by about 15 percent
or less. Additionally or alternately, a volume of the liquid phase component
received by each outlet conduit can differ by about |5 percent or less. A volume
of the gas phase component and/or the liquid phase component received by each
cutlet conduit can differ by more than about 20 percent in the absence of the

batfle structure.

BRIEF DESCRIPTION OF THE DRAWINGS

G011} FIG. 1 schematically shows an example of a baffle suitable for use

as a horizontal baftie according to an embodiment of the invention.

6312 FIG. 2 schematically shows an example of a piping network that
5 p pipng

includes a horizontal junction.
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164134 F1G. 3 schematically shows an example of a baffle suitable for use

as a vertical baffle according o an embodiment of the mvention.

160144 FI1G. 4 schematically shows an example of a piping network that

neludes a vertical junction.

DETAILED DESCRIPTION OF THE EMBODIMENTS

Overview
1B015] Achieving a roughly equal division of an input flow between two

output flows at a tee-junction can be valuable in a variety of situations. For
example, in order to perform heat exchange in a refinery setting, it can be
desirable to divide a flow hetween multiple fin-fan exchangers. With a
conventional tee-junction, the exit flows from the junction can differ
substantially in certain situations, Uneven distribution of hquid and gas i the
exit flows can result in increased corrosion, e.g., by the portion of the flow that
receives the greater portion of the gas flow and the lesser portion of the liguid
flow. This can result in failure of a component at an earlier time than expected
ang therefore increased amounts of unplanned down time. A system for creating
a more equal division of flows from a junction can mitigate this problem. Sucha
system for creating a more equal division of flows can be useful in a variety of
processes. These processes can include industrial processes where the
combination of pressure and flow velocity within a piping network result in
annular fluid flows, stratified fuid flows, and/or other types of flud flows

tnvolving a separation of gas and liguid.
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{6316} In various embodunents, structures and methods are provided for
improving the distribution of thuids between exit flows from a split junction,
The fluids can include both a gas phase component and a liquid phase
component. The improved distribution of fluids can result in a more equal
distribution of both gases and liquids between the exits of the junction, The
improvement can be provided by using a baffle structure, such as an annular
haffle structure, upstream from the desived junction. Battle structures can be
used for either a horizontally or vertically oriented junction. In some
embodiments, the baffle structures can improve the distribution of fhuds in the
exit flows by reducing the amount of vorticity or "swirl” in the input flow to the

junction.

6817} One potential use for annudar baffles according to the invention is
within a processing train for processing of hiydrocarbouns, such as
hydroprocessing of petroleum fractions or biomass derived hydrocarhons.
Hydroprocessing can generally refer to hydrotreatment, hydrocracking, catalytic
dewaxing, hydrofinishing, and other processes invelving treating a hydrocarbon
fraction with hydrogen i the presence of a catalyst. Other refinery processes
can involve treatment of a hydrocarbon fraction without the presence of
hydrogen and/or without the presence of a catalyst. The various types of
hydrocarbon flows within a refinery, whether describing a liquid component, a
gas component, or a flow with both a liquid and gas component, can be referred

to as refinery process flows,

Definitions
15618} In the discussion herein, baffles can be deseribed as being located

upstream from a junction of pipes ov other conduits. In the discussion below, a

vertical junction refers to a junction where the inlet pipe is less than 45° from a
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vertical axis, where the vertical axis is detined relative to the expected direction
of gravity. A horizonial junction refers to a junction where the inlet pipe is more
than 45° from such a vertical axis. A substantially vertical junction refers to a
function where the inlet pipe is less than about 5° from the vertical axis, while a
substantially horizontal junction refers to a junction where the inlet pipe is

greater than about 85° from the vertical axis,

16419 {n various embediments, baffles can be used for improving flow
distribution at a junction. The conduits into and out of a junction can have any
couvenient size. The inlet conduit to a junction can have the same diameter as
the outlet conduits, or one or more of the outlet conduits can have a different
diameter. In the discussion herein, a “tee~-junction” refers to a junction where
the angle between the inlet conduit and each outlet condutt is greater than about
45°, and where the outlet conduits from the junction are approximately aligned
along an axis. A “substantially perpendicular junction” refers 10 a junction
where the angle between the inlet conduit and each outlet conduit is at least
about 85°. A “perpendicular junction” refers to a junction where the angle
between the 1alet conduit and each outlet conduit is about 90°. Note that i some
embodiments, a junction way include outlet conduits that are not aligued along
the same axig. For example. a vertical junction could have two or more outlet
conduits oriented at any convenient angle relative to each other w the borizontal
plane. Junctions where all outlet conduits are not aligned along an axis are
referred to herein as split junctions. For clarity in the discussion herein, baffles
according to embodiments of the invention are described for use relative to
various types of tee-junctions. However, it should be understood that the baffles

can additionally or alternately be used with other types of split junctions.

|G826] In the discussion herein, the term “cyhinder” has the modern

mathematical definition of the terny, The term cylinder should not be limited
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strictly to the special case of a cylinder with a civcular cross-section. Instead, a
cylinder can refer to any shape defined by translating a closed, continuous two-
dimensional cross-section along an axis in a paralle] manner. Thus, in addition
using a circular cross-section to form a circular cylinder, other cross-sectional
shapes can be used, such as parallelepipeds, trapezoids, hexagons, triangles,
and/or other regular or rregular shapes with an arbitrary number of sides and/or

curved portions.

(eneral Aagmular Baffle Structure

16621 Many conduits within a fluid transport network, such as a refinery
network, may contain a flow that includes both gas phase and liquid phase
compouents. As the flow passes through the network, the gas phase and liquid
phase portions of the flow may not be well mixed within the pipe. For example,
for a slow, non-turbulent flow through a substantially horizontal conduit, the gas
and liquid portions may separate and/or disassociate based on gravity to form an
upper gas portion and a lower liguid portion. More generally, the combination
of pressure and flow rate within a conduit can determine the relative flow

patterus of gas and liquid within the conduit.

(3427} A situation that can anse i a variety of processes, such as processes
related 1o a refinery, can include a flow within a condait where the flow
develops some degree of vorticity or swirl. A large reaction system network,
such as a refinery network, can have many types of conduit structures within the
piping network, These can include various bends or elevation changes in the
piping network, Some or all of the features of the piping network can introduce
vorticity/swirl into the flow. This switl can compound ditficulties, e.g., due to
an annular {or other stratified) flow pattern within a pipe or conduit, Inan

amnadar flow pattern, the higher density liquid can typically occupy the exterior
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portion of a flow, while the gas can primarily occupy the center of the flow in
the conduit. Without being bound by any particular theory, it is believed that
veorticity/swirl within a fluid flow into a tee-junction can be a contributing factor

to poor distribution of fluids into the exit flows from the tee-junction.

[6423] Thus, in an embodiment, an annular baflie can be used to reduce
and/or mitigate the vorticity/swirl within an input flow o a junction and/or to
reduce and/or mitigate stratification within a flow pattern. The general shape of
the annular baffle can include one or more of several features. One feature of an
anpular baffle can be a central opentng. In an embodiment, the central opening
can be defined by an open cylindrical structure, such as a circular cyhinder. The
central opening can allow gas from the interior of a flow to pass through the
haftle, e.g., without substantial diversion of the gas. Depending ou the diameter
of the ceniral opening and/or the amount of {huid in the conduat, a portion of the

liquid can also flow through the central opening.

160244 The diameter of the central opening can be selected to provide a
desired cross sectional area relative to the cross sectional area of the conduit
coutaining the baffle. {n an embodiment, the cross sectional area of the central
opening can be at least about 25% of the cross sectional area of the conduit. for
example at least about 30%, at least about 40%, or at least about 50%.
Additionally or alternately, the cross sectional area of the ceniral opening can be
about 70% or less of the cross sectional area of the conduit, for example about
6G% ot less or about 50% or less. In some embodiments, the central axis of the
central opening can be approximately aligned with the central axis of the conduit

containing the baffle.

HETRY Additionally or alternately, the diameter of the central opening can

change over the length of the central opening, e.g., due to {(differential)
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expansion and/or contraction. For any features specified relative to the cross-
sectioval area of the central opening, the cross-sectional area of the narrowest

portion of the central opening should be used.

18626} The structure defining the central opening can be surrounded by one
or more rings to form a baftle structure. For example, the one or more rings can
have an toner diameter that corresponds to the cylinder {or other structure) that
defines the central opening cross-section and an outer diameter that optionally
can correspond to the cross-section of the interior of the conduit. Depending on
the tvpe of baffle, the rings can include various opentugs that can allow fluid o
pass through the rings. The surrounding rings can prevent a swirling hquid from
reaching a subsequent splhit junction while still maintaming strong vorticity.
Instead, the flow of a swirling liguid can be diverted by the one or more rings,
e.2., 30 that the flow passes through one of the openings 1n the rings, which can

reduce the swit] present in the flow.

186274 in the discussion herein, the outer diameter of the one or more rings
surrcunding the central opening can be used to define a cross-sectional area for
the baffle. This can allow, for example, a comparison of the cross-sectional area
of the baffle with the cross-sectional area of the central opening. A diameter for
the baffle can be similarly defined based on the diameter of the one or more
rings, at least for those embodiments involving a baftie with an approximately
circular cross-section. Thus, if it 1s desirable to make a comparison between a
feature of the baffle and the diameter of the conduit for use with the baffle, such
a comparison can equally be made with the diameter of the batfle. In an
embodiment where a baffle with multiple rings 1s designed for use at a location
in a conduit where the conduit changes cross-section between the multiple rings,
the diameter and cross-section of the largest ring can be used to define the

dimmeter and cross-section of the baftle.
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1BG28] The annular baffle can be placed tn reaction systen network in the

conduit corresponding to the input flow to a split junction, such as a tee-junction.
Relative to the flow of fluid within a piping network, the anpnular baffle can be
located upstream from the split junction or tee-junction. Optionally, one or more
of the outlet conduits from the split junction can have an miertor that does not
countain any flow modification devices such as baffles, nozzles, static mixers, or
other internal pipe structures designed and/or intended to modity tlow
characteristics. Additionally or alternately, all outlet conduits from a split
function can have au interior that does not contain any flow modification
devices. The openings within the rings of the baftle can vary depending on
whether the baffle is used in a conduit with a vertical or horizontal erientation.
In various embodiments, the presence of the batfle can improve the distribution

of gas and/or liquid between the exit flows from a junction.

{60291 In general, conduit configurations in which a volumetric proportion
of mixed liquid phase and gas phase feed pass from an mlet conduit through a
conduit junction into two or more outlet conduits can occasionally have 1ssues
where the volumetric proportion of liquid phase and/or gas pbase in at least one
of the outlet condutts varies significantly from the volumetric proportion of
that{those) same phase(s) from the inlet and/or in at least ouve other outlet
conduit. This can occur whether a batfle according to the invention is present or
not. However, the presence of a baffle in the inlet conduit should result in a
reduction of the variation betwoen the volumetric proportions of liquid phase
and/or gas phase beiween the inlet conduit and at least one outlet conduit and/or

between at least two of the cutlet conduits.

{68361 In a conduit configuration that does not include a baftle structure

according to the invention, the volume of gas phase component and/or Liquid
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phase coriponent received by each outlet conduit of a conduit junction can vary.
The volume of gas phase component received by each outlet conduit of the
conduit junction can differ by more than about 20%, for example more than
ahout 253%, more than about 30%, or more than about 35%. Additionally or
alternately, the volume of liquid phase component received by gach outlet
conduit of the conduit junction can differ by more than about 20%, for exampie
more than about 25%, mwore than about 30%, or more than about 35%. Inserting
a baffle structure according to the invention upstream from the conduit junction
can thus improve the distribution of fluid flow into the outlet conduits by
rendermg the fluid split amongst the outiet conduits more uniform {e.g., closer to
the liquid/gas proportion from the inlet conduit). In an embodiment using a
batfle structurg, the volume of the gas phase component received by cach outlet
couduit can differ by about 15% or less and/or the volume of the liquid phase
component received by each outlet conduit can differ by about 15% or less.
Additionally or aliernately, the volume of the gas phase component received by
each of the outlet conduits can differ by about 15% or less, for example about
12% or less, about 10% or less, or about 8% or less. Further additionally or
alternately, the volume of the liguid phase component received by each of the
outlet conduits can differ by about [5% or less, for example about 12% or less,

about 10% or less, or about 8% or less.

Horizonial Baffle Conflpuration

[B831] In various embodiments, a horizontal baftle configuration refersto a
baftle located in a conduit with a horizontal or substantially horizontal
orientation. A tee-junction for splitting the flows from a horizontal conduit
could have exit tlows arranged roughly i the plane of the horizontal axis.
Alternately, the exit flows could be arranged to have at least a partially vertical

orientation. Although the horizontal baffle should work with any orientation of
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split junction, it 1s noted that a split junction resulting 0 exit flows with a
vertical component may suffer from additional differences in the exit Hows due

to gravitational effects,

{0832} As described herein, the basic struciure for a horizonial annular
baffle mcludes a central opening. A horizontal annular batfle can also include
oue or more rings surrounding the central opening somewhere along the length
of the baffle. In some embodiments, a hortzontal annular baftie can include at
least two rings. The rings can be located at any convenient location along the
length of the baftle. In an embodiment, one of the rings cau be located roughly
at the exit for the central opening. For a central opening that has the shape of a
circular cylinder, this can correspond to having the ring located roughly in the

plane of the exit for the central opening.

{66331 In an embodiment involving two or more rings, the rings can be
separated by a distance that is characterized relative to the length of the haftle.
In such an embodiment, the distance between the rnings can be at least about 10%
of the length of the baffle, for example at least about 20% or at least about 30%.
Additionally or alterpately, the distance between rings can be about 50% or less

of the length of the baftle, for example about 40% or less or about 30% or less.

{68341 In many embodiments, the length of the baftle can correspond to the
length of the cylinder (or other structure) that forms the central opening. One
way to define the length of the baffle can be relative to the diameter of the pipe
or other condutt containing the batffle. In such a situation, the length of the
baffle can be at least about 0.5 times the diameter of the conduil, for example at
least about 0.735 times, at least about 1.0 time. at least about 1.25 times, or at
least about 1.5 times. Additionally or alternately, the length of the baffle can be

about 2.5 times the diameter of the conduit or less, for example about 2.0 times
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or less, about 1.75 times or less, or about 1.5 times or less. Note that, as
described above, references o the diameter of the conduit can equally be viewed
as references to the diameter of the baffle based on the outer diameter of the

rings of the baffle,

[B35] Based on the location of the ring(s), one or more volumes ¢an be
formed between the cylinder {(or other shape) that defines the central opening
and the conduit contatning the baffle. During operation, liquid from a fluid tlow
can accwmulate in this volume. As described herein, Hguid i this volume can

pass through the haffle via one or more openings in the ring(s).

{8036} For a horizontal baftle, at [east one slot opening can be included in
the one or more rings. In an emboediment where only one slot opening is
mcluded in the rings, the slot opening can be located at the bottom of the ring(s).
The slot opening(s) can allow fluid in the volume around the central opening to
pass through the baftle. If desired, slot openings in different rings can have
different sizes. In embodiments where the slot is formed at the bottom of the
ring, gravitational forces can reduce or prevent stagnation of fluid i the volume

around the ceuntral opening.

168371 When two or more rings are present, the slot openings can be
approximately aligned. This can allow one or more straightening vanes to be
included in the baffle. A straightening vane can be a wall structure that runs
along the length of the distance between slot openings in the rings. Inone
embodiment, a straightening vane can be the only wall structure located between
the rings. Alternately, one or more additional wall structures can be included so

that the distance between the rings corresponds to a substantially closed passage.
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{6338} Within a conduit, a horizontal asnular baffle can be located in the
conduit based on a proximily to a downstream junction. In an embediment, the
tocation of the baffle can be defined relative to the location of the exit from the
central opening. The location can additionally or alternately be defined based on
using the length of the baffle structure as a characteristic distance. Based on
this, the exit from the central opening tor a honizontal annular baffle can, in one
embodiment, be no more than about 0.5 times the length of the baffle structure
from the entrance to a junction, for example no more than about 1.0 times the
length, no more than about 1.5 times the length, or no more than about 2.0 times
the length. Additionally or alternately, the exit from the central opening can be
at least about 0.1 times the length of the baffle structure from the entrance to the
junction, for example at least about 0,25 times the length, at least about 0.5 times

the length, or at least about 1.0 times the length,

HHIRAH FIG. 1 shows an example of several views of a hotizontal baffle
according to an embodiment of the invention. In FIG. §, a circular cylinder
structure 101 defines a central opening 102, In the embodiment shown in FI1G,
1, two rings 110 surround the cireular eylinder structure 101, The rings can
include an opening 121, with a straightening vane 122 located inside of the

opening.

6340} FIG. 2 shows an example of a piping network suitable for use with a
horizontal baffle according to an embodiment of the mvention. In FIG, 2, a flud
flow approaches a horizontal tee-junction 210 via au niet pipe 201, A
horizontal baffle 230 is located in inlet pipe 201 prior to the tee-junction 210.
After passing through the horizontal baffle 230, fluid can enter tee-junction 210
and can be split into outlet pipes 202 and 203. In the example shown in FIG. 2,
outlet pipes 202 and 203 serve as input to refinery process elements, such as fin-

fan heat exchangers. Locations 241 and 242 are examples of possible locations
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for such refinery process elements. The use of the horizountal baftle 230 can
result in a more equal distribution of the gas phase portion and/or the liquid
phase portion of the mput fluid flow to the refinery process elements at locations

241 and 242,

Vertical Battle Conficuration

168414 In various embodimentis, a vertical baftle configuration refers to a
baftle located in a conduit with a vertical or substantially vertical onientation. A
tee-junction for splitting the flows from a vertical conduit could bave exit flows
arranged roughly 1 the plane of the horizontal axis. Alternately, the exit flows
could be arranged to have at least a partially vertical orientation, Although the
vertical baffle should work with any orientation of split junction, it is noted that
a split junction resulting in exit flows with a vertical component may suffer from

additional differences in the exit flows due to gravitational effects.

16642} As described herein, the basic structare for a vertical annular baffle
includes a central opening. In an embodiment, the vertical annular baffle can
also include a ring surrounding the central opening somewhere along the length
of the baffle. ln some cases, the ring can be located roughly at the exit for the
central opening. For a central opening that has the shape of a right circular
cylinder, this can correspond to having the ring located roughly in the plane of
the exit for the ceniral opening. Alternately, the ring can be located at a distance
away from the exit for the central opening. In various embodiments, the
distance of the ring from the exit for the central opening can be 50% or less of
the length of the batfle, for example 40% or less, 30% or less, 20% or less, or
10% or less, Additionally or alternately, i embodiments where the ring s

located at a distance away from the exit for the central opening, the distance
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from the exit can be at least 5% of the length of the batfle, tor example at least

10% of the length or at least 20% of the length.

{6343} The length of the baffle can correspond to the length of the cylinder
{or other structure) that forms the central opening. In an embodiment, the length
of the baffle can be detined relative to the diameter of the pipe or other conduit
countaining the baffle. lu such an embodiment, the length of the baffie can be at
feast about 0.5 times the diameter of the conduit, for example at least about 6.75
times, at least about 1.0 time, at least about 1.25 times, or at least about 1.5
times. Additionally or alternately in such an embodiment, the leagth of the
baffle can be about 2.5 times the diameter of the conduat or less, for example
about 2.0 times or less, about 1.75 times or less, or about 1.5 times or less, Note
that as described above, references to the diameter of the conduit ¢an equally be
viewed as references to the diameter of the batfle based on the outer diameter of

the ring{s) of the batfle.

168444 Based on the location of the ring(s}, a volume can be formed
between the circular eylinder {or other shape) that defines the central opening
and the conduit containing the baffle. During operation, liquid from a fhuid flow
can accumulate in this volume. As described berein, Hquid i this volume can
pass through the baffle via one or more openings in the ting(s).

[60345] For a vertical baffie, two kinds of openings can be included in a ring
surrounding the cylinder defining the central opening. One type of opening can
be a slot batfle. The slot baffle can be a slot shaped opening in the ring. The
slot can have any convenient shape. For example, the slot can have a linear
shape, a radial shape that matches the curvature of the ring, or another

convenient shape. In an embodiment, one or more slot batfles can be included in
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the ring. The slot baffie{s) can be symmetrically placed around the ring(s),

based an the number of slot batlles.

{6846} I an embodiment, the slot for a slot baffle can be defined by an
opening in the ring(s). Alternately, the slot can be a cylinder having the shape of
the slot. The height of the cylinder can be a height that is less than the distance
from the ring to the front of the baffle (i.¢., the entrance of the central opening).
in various embodiments, the slot baftle cylinder can have a height that is less
than about half of the distance between the ring and the front of the baffle, for
example a height that is less than about a third of the distance. Optionally, a slot

baffle cylinder can include a straightening vane inside the cylinder.

6047} In some embodiments, the slot baffle can include a blocking or hat
siructure. When present, the slot batile blocking structure can be at least the size
of the slot and can be positioned to prevent direct flow of fhuid through the slot
baffle. The blocking structure for the slot baffle can have any conveunient shape,
so long as the shape of the slot batfle can fit within the shape of the blocking
structure. In an embodiment, the blocking structure can have the same shape as
the slot baffle. Optionally, the blocking structure can have an enlarged version
of the shape of the slot baffle. The blocking structures can be supported in any
convenient manoer. This can include support bars corming up from the slot
battles. or support bars coming up from the ring. The blocking structure can be
mounted on the vertical baffle, e g, s0 that a gap exists between the blocking
structure and the slot baffle. The gap can allow fluid to flow around the

blocking structure and through the slot baffile.

jO048] An additional or alternate type of opening that can be present in g
vertical baffle can be one or more drainage holes. As noted herein, lguid can

accumuate in the volume between the structure defining the central opening and
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the conduif containing the baftle. The drainage holes can allow liguid in this
volume to flow through the vertical batfle without having to pass through the
one or more slot baffles. This can reduce the likelihood of stagnation of fluid in
the volume outside of the structure defining the central opening. Any
convenient number of drainage holes of any convenient size can be used, so long

as the majority of the liquid still passes through the one or more slot baffles.

1B349] Within a conduit, a vertical annular baftle can be located in the
conduit based on a proximity to a downstream junction. In an embodiment, the
location of the baffle can be defined relative to the location of the exit from the
central opening. The location can additionally or alternately be defined based on
using the length of the baffle structure as a characteristic distance. Based on
this, the exit from the central epening for a vertical annular baffle can be no
more than about 0.5 times the length of the baftle structure from the entrance to
a junction, for example no more than about 1.0 tune, no more than about 1.5
times, or uo more than about 2.0 times. Additionally or alternately, the exit from
the central opening can be at least about 0.1 times the length of the baffle
structure from the entrance to the junction, for example at least about 0.25 times,

at least about 0.5 times, or at least about 1.0 times,

LRI FIG. 3 shows an example of a vertical baftle 300 according to an
embodiment of the invention. In FIG. 3, a cireular cylinder structure 301 defines
a central opening 302, In the embodiment shown o FIG. 3, a ring 306 surrounds
the circular cylinder strocture 301 at the exit plane of the central opening 302.
The ring can include two drainage holes 307, e.g., to reduce the likelihood of
stagnation of fluid. Optionally, a symmetric set of drainage holes can be
included on the other side of the ring 306, The ring can also include a pair of
slot baffles 312 and 313. Slot baffles 312 and 313 can have a curved shape, e.g.,

that corresponds to the radius of curvarure, The slot battles 312 and 313 can be
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defined by a cylinder, as opposed to simply being an openwng in the ring.
Blocking shapes 322 and 323 can have a shape that corresponds to an enlarged

-

version of the shape of slot baffles 312 and 313.

[EHERE ! FIG. 4 shows a schematic example of a piping network suitable for
use with a vertical baffie according to an embodiment of the mvention. In FIG.
4, a fluid flow approaches a vertical tee-junction 410 vig an inlet pipe 401, A
vertical baffle 430 can be locaied in inlet pipe 401 prior to the tee-junction 410,
After passing through the vertical baftle 430, fluid can enter teg-junction 410
and can be split into outlet pipes 402 and 403, In the exawmple shown in FIG. 4,
outlet pipes 402 and 403 serve as input to refinery process elements, such as fin-
fan heat exchangers. Locations 441 and 442 are examples of possible locations
for such refinery process elements. The use of the vertical baffle 430 can result
in a more equal distribution of the gas phase portion and/or the liquid phase
portion of the input fluid flow to the refinery process elements at locations 441

and 442,

Additional Embodiments

164524 Additionally or alternately, the invention can inchude one or more of

the following embodiments.

[6353] Embodiment 1. A baffle structure for a conduit carrying a fhiud flow
tncluding a gas phase component and a liquid phase component, comprising: a
structure that defines a central opening; a ring surrounding the structure defining
the central opening, an inner surface of the ring being in contact with the
structure defining the central opening; a plurality of slots w the ring, each slot
having a slot entrance; at least one barrier plate located a distance above an

entrance for each of the plurality of slots, the at least one barrier plate providing
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a total barrier plate surface area that is greater than a combined area of the slot
entrances; and at least one drainage hole, the drainage hole have an area less

than area of a slot entrance,

160544 Embodiment 2. The baffie structure of embodiment 1, wherein at
least one slot entrance comprises a slot cylinder extending up from the surface of

the ring toward the barrier plate, the slot cylinder having the shape of the slot.

{6455] Embodiment 3. The baffle structure of embodiment 1 or
embodiment 2, wherein the ring is located at an exit plane of the structure

fining the central opening.
defining the central openin

[6356] Embodiment 4. A baffle structure for a conduit carrytog a fluid flow
mcluding a gas phase component and a liquid phase component, compnising: a
structure that defines a central opening: a plurality of rings surrounding the
structure defining the central opening, an inner surface of at least one of the
plurality of rings being in contact with the structure defining the central opening:
and at least one slot in each of the rings, the slots being aligned to create a pass-

through opening along an axis parallel to an axis of the central opeuning,

j3057} Embodiment 5. The baffle structure of embodunent 4, further
comprising a straightening vane that pactitions the pass-through opening, the
straightening vane being aligned parallel to the axis of the cylinder defining the

bl

central opening.

13058] bmbodiment 6. The baffle structure of embodiment 4 or
embodiment 5, further comprising one or more walls located adjacent to the slots
and between the rings, the wall{s) defining a pass-through conduit between the

rings.
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{6859] Embodiment 7. The baffle structure of auy of embodiments 4 to 6,
wherein at feast one ring is locaied at an exit plane of the structure defining the

central opening.

{3060} Embodiment 8. The baftle structure of any one of the previous

embodiments, wherein the slots have a rectangular cross-section.

166614 Embodiment 9. The baffle structure of any one of the previous
embodiments, wherein the slots have an arcuate cross-section corresponding to

the radius of curvature of the ring at the location of the siot.

[6062] Embodiment 10. The baffle structare of any one of the previous
embodiments, wherein the surface area of the central opening s from about 40%

to about §80% of the total cross-sectional area of the baftfle.

{6863} Embodiment 11, The baffle structure of any one of the previous

embodiments, wherein the structure defining the central opening is a circular

cylinder.
160644 Embodiment 12, The baffle structure of any one of the previous

ewbodiments, wherein the baffle structure is part of a conduit pmetion structure,
the conduit junction structure comprising: an inlet conduit, the baffle structure
being at a location in the inlet conduit; at least two outlet conduits; and a conduit
junction providing fluid communication between the inlet conduit and the at
least two outlet conduits, wherein the cross-section of the baftle structure

corresponds to an interior ¢ross-section of the inlet conduit at the location.

[6863] Embodiment 13, The baffle struciure of embodiment 12, wherein

the focation of the baffle structure in the inlet conduit corresponds to the exit of
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the haffle structure being a distance from the conduit junction of no more than
about 2.0 times the length of the baffle structure, for example no more than

about 1.5 times the length or no more than about 1.0 times the length,

10066} Embodiment 14, The baffle structure of embodiment 12 or
embodiment 13, wherein the conduit junction is a vertical conduit junction

structure or a horizontal conduit junction structure.

80671 Embodiment 15, Use of a baftle structure according to any of
embodiments 12 to 14 in a method for improving the distribution of a fluid flow
between outlet conduits of a conduit junction, the method comprising:
introducing a fluid flow including both a gas phase component and a liguid
phase component into the inlet conduit of the conduit function; passing the fluid
flow through a baffle structure, at least a portion of the gas phase component
passing through the central opening of the baffle structure and at least a portion
of the liquid phase component passing through the plurality of slots in the ring;
and dividing the fluid flow between the at least two outlet condutts, a volume of
the gas phase component received by each outlet conduit differing by about 15%
ot less, for example about 0% or less, and/or a volume of the liquid phase
component received by each outlet conduit differing by about 15% or less, for
example about 10% or less, wherein a volume of the gas phase component
and/or the liquid phase component recetved by each outlet conduit differs, in the
absence of the baffle structure, by at least about 20%, for example at least about

25% or at least about 30%.
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- 2/’s -
Examples - Vertical Baflle
[6868] The foliowing examples include both modeling of fluid tlows o a

piping network using computational fluid dynamics and experimential tesis on a

corresponding piping configuration.

13069} A set of stmulations was performed to determine the beunefitof g
vertical baffle. The simulations were designed to simulate a series of pipes
similar to the piping shown in FIG. 4. A similar piping configuration was also
used for the physical experiments. For both the model and the physical piping
configuration, the portion of the inlet pipe immediately prior to the junction was
aligned with the vertical axis. The conduits were countigured to form a tee-
junction with a ~90° angle between the inpuf conduit and both exit conduits. By
volume, the feed for both the simulation and the experiments was about 2%
liguid and about 98% gas. By mass, the feed was about 71% liquid and about
29% gas. The length to diameter ratio for the section of straight pipe leading to

the tee-junction was about 3.5,

{66701 In the simulations, due to various features upstream from the section
shown in FIG. 4, a swirling feed was created i the mlet conduit, o simulations
without the presence of a vertical baftle, one of the output flows received about
16% of the liquid phase portion and about 60% of the gas phase portion of the
input flow. The other output flow received about 84% of the liquid phase
portion and about 40% of the gas phase portion. Multiple simulations were
performed to allow for caloulation of a standard deviation. The standard
deviation for the liguid values was less than 5%, while the standard deviation for

the gas values was less than 1%. These values are shown in Table 1 below.
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{6871 In a second series of simulations, a vertical baffle was inserted in the
inlet pipe prior to the iee-junciion. The exit plane of the vertical baffle was
located within one pipe diameter of the tee-junction. In the simulations with the
vertical baffle, one of the output flows received about 47% of the liquid phase
portion and about §1% of the gas phase portion of the input flow. The other
output flow received about 53% of the liquid phase portion and about 49% of the
gas phase portion of the input flow. The standard deviation for the liguid phase
split was between 10% and 13%, while the standard deviation for the gas phase

split was less than $7%.

TABLE I - Vertical (Computational Modeling)

Liguid Branch A Branch B

Withouwt baifle ~16% (~1%%) ~54% {~3%)
With baffle TV (~13%) ~53% {~12%)
(Gias Branch & Branch B

Without baffle ~60% (~0.3%) ~40% {~0.3%)
With baflle ~51% {~3%) ~49% {~3%)
{6472} The computational fluid dynamics simulations clearly show an

improvenment in the split of both the gas phase portion and liquid phase portion
of the input flow in the configuration with the baftle. Both the gas phase portion
and liquid phase portion are split roughly equally between the two output flows.
It is noted that for the configuration without the baffle, the original Hquid sphit
was about 84/16. Using conventional methods, this type of severe disparity in

liguid split can be difficult to remedy.

160734 Experimental tests were also performed with and without a vertical
batfle. Different combinations of upstream piping and/or flow velocities were to
generate the input flow in order to test different conditions at the tee-junction.

Table 2 shows the improvement in the liqud split from several expenments.
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Table 2 - Vertical {Kxperimental, Liguid only}

Liguid Without Baftle With Baffle

Brageh Braoch B Branch & Branch B
Run A ~34% ~43% ~57%
Run B ~259% ~46%, ~54%
Run C ~38% ~56% ~44%
{60741 In Table 2, the improvement in the hquid splits between the two

branches of the tee-junction appears to confirm the toprovement in flow split
predicted by the compuiational modeling. In the experimental runs without the
vertical baftle, the sphit between the exit branches differed by at least about 24%
{(from about 24% to about 429%). With a vertical baftle, the split between the
exit branches was reduced to less than about 15% (from about 8% to about

14%).

Examples — Horizontal Baftle

{6875} The following examples include both modeling of fhuid flows in a
piping network using computational fluid dynamics and experimental work on a

corresponding piping configuration.

18676} A set of simulations were performed to investigate the performance
of a horizontal baffle. The simulations were performed on a configuration
similar to the configuration shown in FIG. 2. A simylar piping configuration was
also used for the physical experiments. For both the model and the physical
piping configuration, the portion of the inlet pipe immediately prior to the
function was aligned with the horizontal plane. The conduits were coutigured to
fornt a tee-junction with a ~90° angle between the input conduit and both exit
conduits. By volume, the feed for both the simulation and the experunents was

about 2% liquid and about 98% gas. By mass, the feed was about 71% liquid
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and about 29% gas. The length to diameter ratio for the section of straight pipe

feading to the tee-junction was about 4.5,

{6877} In the simulations, due to various features upstream from the section
shown in FIG. 2, a swirling feed was created in the inlet conduit. {an simulations
without the presence of a horizontal baffle, one of the cutput flows received
about 32% of the liquid phase portion and about 36% of the gas phase portion of
the input flow. The other ouiput flow received about 68% of the liquid phase
portion and about 44% of the gas phase portion. Multiple simulations were
performed to allow for calculation of a standard deviation. The standard
deviation for the liquid values was less than 2%, while the standard deviation for

the gas vatues was less than 1%. These values are shown in Table 3 below.

{6078 In a second series of simulations, a horizontal balffle was inserted in
the inlet pipe prior to the tee-junction. The exit plane of the borizontal baffle
was located within one pipe diameter of the tee-junction. In the simulations with
the horizontal battle, one of the output flows recerved about 43% of the hiquad
phase portion and about 52% of the gas phase portion of the input flow. The
other output flow received about 37% of the liquid phase portion and about 48%
of the gas phase portion of the input flow. The standard deviation for both the

Hquid phase split and gas phase split was 1% or less.

TABLE 3 - Horizontal (Computational Modeling)

Liguid

Branch A

Branch B

Without baffle

~32% {~1.1%)

~68% {~1.3%)

With bafile

~43% (~1.6%%)

“AT% (~0.4%)

{¥as

Braoch A

Branch B

Withoul baffle

~A4%, {(~0.2%)

With baffle

~a8% {(~0.1%)
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16879] As shown in Table 3, the horizoutal baftle improved the split of fluid

for both the gas phase portion and the liquid phase portion of the input flow,

HEDIH Experimental tests were also performed with and without a vertical
baffle. Different combinations of upstream piping and/or flow velocities were to
generate the input flow in order to test different conditions at the tee-junction.

Table 4 shows the improvement tn the hiquid split from several experiments.

Table 4 — Horizonial (Experimental, Liguid only)

Liguid without Baffle With Baffle

Branch A Branch B Branch A Branch B
Run A ~88%0 ~43%, ~57%
Run B ~80% ~55% ~45%
Run C ~431% ~53% ~47%%
j6081} In Table 4, the improvemnent in the Liquid splits between the two

branches of the tee-junction appears to confirm the improvement in flow split
predicted by the computational modeling. Runs A and B resulted in a severe
disparity in liguid split of at least about 60% {from about 60% to about 76%)
when a baffle was not used. With the horizontal baffle, the difference in the
liquid split between the exit branches was reduced to nto more than about 15%
{from about 10% to about 14%). The horizontal baffle also showed
improvement for Run €. The initial ~18% split between the exit condutis
without a baffle was reduced to no more than about 15% (also no more than

about 10%; actually about 6%).

16082 Overall, the analysis of the hquid split from the expertmental tests of
both the vertical baffle and horizontal baffle confirms the predicted benefits of
using the baffles. For both the horizontal and vertical battles, the flow
distribution between exit branches of a tee-junction (or other type of split

junction} is improved by insertion of the baffle prior to the junction.
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CLAIMS:

1. A baffle structure for a conduit carrying a fluid flow including a gas phase
component and a liquid phase component, the baffle structure comprising:

a structure that defines a central opening;

a ring surrounding the structure defining the central opening, an inner surface
of the ring being in contact with the structure defining the central opening;

a plurality of slots in the ring, each slot having a slot entrance;

at least one barrier plate located a distance above an entrance for each of the
plurality of slots, the at least one barrier plate providing a total barrier plate surface
area that is greater than a combined area of the slot entrances; and

at least one drainage hole, the drainage hole have an area less than an area of a

slot entrance.

2. The baffle structure of claim 1, wherein at least one slot entrance comprises a
slot cylinder extending up from the surface of the ring toward the barrier plate, the

slot cylinder having the shape of the slot.

3. The baffle structure of claim 1, wherein the slots have a rectangular cross-
section.
4. The batffle structure of claim 1, wherein the slots have an arcuate cross-section

corresponding to the radius of curvature of the ring at the location of the slot.

5. The baffle structure of claim 1, wherein the structure defining the central
opening is a circular cylinder, the surface area of the central opening being from about

40% to about 80% of the total cross-sectional area of the baffle.

6. The baffle structure of claim 1, wherein the ring is located at an exit plane of

the structure defining the central opening.

7. The baffle structure of claim 1, wherein the baffle structure is part of a conduit

junction structure, the conduit junction structure comprising:
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an inlet conduit, the baffle structure being at a location in the inlet conduit;

at least two outlet conduits; and

a conduit junction providing fluid communication between the inlet conduit
and the at least two outlet conduits,

wherein the cross-section of the baffle structure corresponds to an interior

cross-section of the inlet conduit at the location.

8. The baffle structure of claim 7, wherein at least one outlet conduit has an

interior that does not contain a flow modification device.

9. The baffle structure of claim 7, wherein the conduit junction is a vertical

conduit junction structure.

10. The baffle structure of claim 8, wherein the location of the baffle structure in
the inlet conduit corresponds to the exit of the baffle structure being a distance from

the conduit junction of about 1.0 times the length of the baffle structure.

11. A method for improving the distribution of a fluid flow between outlet
conduits of a conduit junction, comprising:

introducing a fluid flow including both a gas phase component and a liquid
phase component into an inlet conduit of a conduit junction, the conduit junction
having at least two outlet conduits;

providing a baffle structure in the inlet conduit, the baffle structure comprising

a structure that defines a central opening;

a ring surrounding the structure defining the central opening, an inner surface
of the ring being in contact with the structure defining the central opening;

a plurality of slots in the ring, each slot having a slot entrance;

at least one barrier plate located a distance above an entrance for each of the
plurality of slots, the at least one barrier plate providing a total barrier plate surface
area that is greater than a combined area of the slot entrances; and

at least one drainage hole, the drainage hole have an area less than an area of a

slot entrance;
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wherein an exit from a central opening of the baffle structure i1s no more than
about 2.0 times the length of the baffle structure from the conduit junction;

passing the fluid flow through the baffle structure, at least a portion of the gas
phase component passing through the central opening of the baffle structure and at
least a portion of the liquid phase component passing through the plurality of slots in

the ring; and

dividing the fluid flow between the at least two outlet conduits, a volume of
the gas phase component received by each outlet conduit differing by about 15% or
less, and a volume of the liquid phase component received by each outlet conduit

differing by about 15% or less,
wherein a volume of the gas phase component and/or the liquid phase

component received by each outlet conduit differs by at least about 20% in the

absence of the baffle structure.

12.  The method of claim 11, wherein the fluid flow comprises an annular fluid

flow or a stratified fluid flow.

13.  The method of claim 11, wherein the conduit junction is a vertical conduit

junction structure.

14.  The method of claim 11, wherein the volume of the liquid phase component of

the divided fluid flow received by each outlet conduit differs by about 10% or less.



