
1 5 DEC 2006  -1 MULTIPHASE MIXING DEVICE WITH IMPROVED QUENCH INJECTION
FIELD OF THE INVENTION [0001] The present invention relates generally to
systems for mixing process  gases and liquids and more specifically to
interbed quench and mixing systems  involving cocurrent downflow reactors
using fixed hardware. BACKGROUND OF THE INVENTION [0002] Downward flow
reactors are used by the chemical and refining  industries in a variety of
processes, such as hydrotreating, hydrofinishing and  hydrocracking. A
typical downward flow reactor has a cylindrical outer wall  with a catalyst
bed positioned within the reactor. The catalyst bed generally  rests on a
catalyst support grid positioned horizontally within the reactor and
spanning the complete diameter of the reactor. The catalyst support grid,
together with the outer wall, cooperate to retain the catalyst or other
particulate  material in place. A distribution tray is positioned
horizontally within the  reactor at a location above the catalyst bed for
evenly distributing process fluids  onto the catalyst. The catalyst support
grid, outer reactor wall and the distribu- tion tray define the volume of
the catalyst bed, [0003] Multiple bed reactors are commonly used. They are
formed by  providing two or more such catalyst beds spaced along the
longitudinal axis of  the reactor. The region between successive catalyst
beds defines an interbed  mixing zone. When a reactor having more than one
catalyst bed is used, reactant  fluids are introduced into the reactor above
the uppermost catalyst bed. The  reactant fluids, which typically consist of
both liquid and vapor phases, flow  through the uppermost catalyst bed. 1 5
DEC 2006  



-2 [00041 From the uppermost catalyst bed, unreacted reactant fluids and the
related fluid products derived from interaction with the catalyst enter the
interbed mixing zone. The interbed mixing zone typically includes a mixing
chamber. This interbed mixing zone including a mixing chamber serves several
purposes. First, the interbed mixing zone serves as a convenient place
through  which additional reactants and/or temperature quenching materials
can be  introduced into the fluid products. In the reactor units described
above, heat is  released as a result of the reactions between gas and liquid
components  occurring on the catalyst(s), causing temperature to increase
with distance down  the bed. In many cases, cool hydrogen-rich gas is
introduced between the beds  to quench the temperature rise and replenish
the hydrogen consumed by the  reactions. Secondly, the interbed mixing zone
provides a region for mixing the  fluid products. Mixing the fluid products
prior to reaction in lower catalyst beds  ensures more uniform and efficient
reactions. In addition, where catalytic  reactions are exothermic and
temperature control is a critical processing and  safety element, mixing of
the fluid products within the mixing chamber can be  used to eliminate
regions of locally high temperature within the fluid products.  [0005] The
introduction and mixing of quench into the process gas and liquid  must be
carried out in the interbed space which spans the full vessel diameter,  but
is often shorter than one vessel radius. Support beams, piping and other
obstructions also occupy the interbed region so that unique hardware is
required  to perform efficient two-phase mixing in what amounts to limited
volume.  [0006] Poor quench zone performance manifests itself in two ways.
First, the  quench zone fails to erase lateral temperature differences at
the outlet of the  preceding bed or, in the worst cases, amplifies them. An
effective quench zone  should be able to accept process fluids with 50 to
75F lateral temperature  



differences or higher and homogenize them sufficiently that differences do
not 15 DEC 2006  -3 exceed 5F at the following bed inlet. The second sign of
poor performance is  that inlet temperature differences following the quench
zone increase as the rate  of quench gas is raised. This indicates
inadequate mixing of cooler gas with the  hot process fluids. [0007] Poor
quench zone performance limits reactor operation in various  ways. When
interbed mixing is unable to erase temperature differences, these  persist
or grow as the process fluids move down the reactor. Hot spots in any  bed
lead to rapid deactivation of the catalyst in that region which shortens the
total reactor cycle length. Product selectivities are typically poorer at
higher  temperatures; hot regions can cause color, viscosity and other
qualities to be  off-specification. Also, if the temperature at any point
exceeds a certain value  (typically 800 to 850F), the exothermic reactions
may become self-accelerating  leading to a runaway which can damage the
catalyst, the vessel, or downstream  equipment. Cognizant of these hazards,
refiners operating with poor internal  hardware must sacrifice yield or
throughput to avoid these temperature limita- tions. With present day
refinery economics dictating that hydroprocessing units  operate at feed
rates far exceeding design, optimum quench zone design is a  valuable
low-cost debottleneck. [0008] One important aspect of the overall mixing
efficiency of a quench  zone is the ability of the system to mix quench
fluids with process fluids. The  most critical component of quench mixing
efficiency is the methodology though  which quench fluid is introduced into
the system. There have been various  improvements in connection with both
physical means and operational  considerations for introducing quench into
the system. 



[0009] For example, U.S. Patent No. 5,152,967 discloses a system
incorporating an annular mixing box in which rotational flow of the process
fluids is created by slotted entrances. Quench fluid is introduced through
an 1 5 DEC 2006  -4 annular ring located substantially in the center of the
vessel. The ring is fitted  with nozzles to direct quench fluid outward
along radial paths. Another device,  disclosed in U.S. Patent No. 5,462,719,
creates a rotational flow within a mixing  box but without significant
liquid holdup in the mixing volume. The quench  fluid in this design is
introduced through a single vertical inlet at the vessel  center positioned
such that the entering quench impacts a horizontal deflector  forcing the
quench fluid radially outward. [0010] Other patents which include
descriptions of quench introduction  techniques include U.S. Patent No.
5,635,145. In this patent, a swirl device is  used to mix gas and several
guide channels are used to mix liquid before  depositing them on a
pre-distribution tray located between the collection tray  and the final
distributor tray. Quench is introduced through an annular ring  located near
the outer wall of the vessel with multiple nozzles directing the flow
radially inward. Further, in U.S. Patent No 5,690,896, an interbed mixing
system is described in which an annular mixing trough is used to collect and
mix  liquid on the collection tray. Gas mixing and further liquid mixing are
accomplished in a centrally located mixing box in which the fluids flow in a
spiral path towards a central opening in the collection tray. Quench is
introduced within the liquid phase through two radially outward oriented
nozzles  located in the annular mixing trough. [0011] While the above
mentioned systems may provide significant improve- ments in process fluid
mixing efficiency, they do suffer from less than ideal  



quench mixing efficiency. For example, the `967 patent and the `719 patent
described above both restrict the process flow through at least one opening
passing through the collection tray wherein such openings are substantially
in  the center of the vessel, and also introduce quench in the space above
the center  of the tray. As a result, in these designs, quench is injected
into a region of the 1 5 DEC 2006  -5 vessel where very high transverse
velocities are anticipated. As will be  discussed below with respect to the
present invention, this configuration results  in relatively less efficient
quench gas mixing. [0012] The `145 patent also forces flow through a central
opening in the  collection tray, but locates the quench injection means
substantially near the wall  of the vessel with multiple nozzles directing
quench radially inward. In this  design, quench may be suitably located in
low-velocity region as it is with the  present invention, however, the
quench fluid does not enter the vessel flowing  counter to the transverse
velocity of the process fluid and, as such, does not  promote mixing between
the process and quench fluids. In this design, it is also  believed that the
quench location may be located too closely to the wall of the  vessel,
leaving inadequate mixing volume between the injection point and the  wall.
[0013] The `896 patent again forces flow through the central opening in the
collection tray, but flow is forced to follow a roughly spiral path to the
opening  as a result of baffles placed on the tray. Quench is injected in
two locations on  the tray separated by 180 degrees. It is believed that at
most one of the quench  injectors in this design lies within a low-velocity
region beneficial to mixing  efficiency. Further, the quench injectors in
this system direct fluid radially  outward, perpendicular to the transverse
velocity of the process fluid rather than  



opposite the transverse velocity of the process fluid. [0014] Another
system, disclosed in U.S. Patent No. 6,180,068, also provides  enhanced
mixing of quench gas and process fluids within the interbed space.  This
system employs separate mixing zones for each of two reactants permitting
flexibility in mixing conditions while minimizing pressure drop as well as
space  and volume requirements. However, the efficiency of this device is
sensitive to  the degree of phase segregation achieved at the interbed inlet
and thus may not 1 5 DEC 2006  -6 perform as desired under all conditions
and with respect to particular reactant  characteristics. [0015] The above
and other known mixing systems generally suffer from the  fact that there is
insufficient space within the mixing chamber to promote intense  two-phase
mixing. This limits the capability of these systems to homogenize  quench
fluid with process fluids and to erase temperature differences between
fluids from different sections of the reactor. Accordingly, there is a
continued  need to provide mixing systems that promote intense two-phase
mixing. A  preferred system also should provide sufficient volume for the
vapor phase to  mix separately from the liquid phase. Even while satisfying
the above criteria, it  is preferable that the designated mixing system
minimizes the pressure drop  within the reactor as well as permitting
relatively easy retrofit with existing  reactor spatial constraints. [0016]
As can generally be surmised from the above discussion, there is a
deficiency in the prior art with respect to efficient mixing of quench fluid
with  process fluids. SUMMARY OF THE INVENTION [0017] The present invention
provides a novel means to provide more  



effective mixing of quench fluids and process fluids within a reactor
vessel.  According to the teachings of the present invention, one or more
quench  injection means are selected to satisfy three criteria either
individually or in  combination. First, quench is injected at locations
where process fluids are at a  relatively low velocity rather than where
they have started to accelerate toward  the openings through the collection
tray. Second, quench is injected at locations  where there is adequate
mixing volume between the injection points and nearby 1 5 D E C 2006  -7
confining surfaces such as the reactor wall. Third, quench is injected in a
direction which is opposite and against the prevailing flow of the process
fluids.  [0018] According to the teachings of the present invention, a
mixing system  is described with such mixing system comprising a horizontal
collection tray, a  mixing chamber positioned below the collection tray, and
at least one passage- way extending through the collection tray into the
mixing chamber. The mixing  chamber and the collection tray define a
two-phase mixing volume. The  passageway conducts fluid from above the
collection tray into the mixing  chamber. The mixing chamber preferably
includes at least one outlet opening  for the downward passage of fluid. The
introduction of one or more baffles  within the mixing chamber as described
in applicant's co-pending application  entitled "Improved Multiphase Mixing
Device with Baffles" (Application Serial  Number 10/341,123, filed on
January 13, 2003) may optionally be implemented  in accordance with the
mixing system described herein so as to obtain the  benefits described in
that patent application. [0019] As a result of injecting quench at the
specific locations and in the  specific directions dictated by the teachings
of the present invention, significant  improvements in mixing efficiency are
obtained. In particular, mixing of quench  



fluid is significantly improved when quench is introduced into a region
above  the collection tray and where (i) lateral velocities of the process
fluids are low,  (ii) sufficient volume is available for the quench fluid to
mix with the process  fluids, and (iii) quench injection occurs opposite the
prevailing direction of  process fluid flow. BRIEF DESCRIPTION OF THE
DRAWINGS [0020] FIG. 1 is a schematic, side-elevational view of a reactor
column,  shown in cross section; 1 5 DEC 2006  s [0021] FIG. 2(a) is an
oblique view of the volume above the collection tray  extending outward to
the wall of the reactor column with such view illustrating  the dimensions
used to determine optimal placement of quench injection points  according to
the teachings of the present invention; [0022] FIG. 2(b) is a plan view of
the region interior to the reactor column  with such view illustrating the
dimensions used to determine optimal placement  of quench injection points
according to the teachings of the present invention;  [0023] FIG. 3(a) is an
oblique view of the volume above the collection tray  extending outward to
the wall of the reactor column with such view illustrating  the dimensions
used to determine optimal placement of quench injection points  according to
the teachings of the present invention when a spiral baffle is present
above the collection tray; [0024] FIG. 3(b) is a plan view of the region
interior to the reactor column  with such view illustrating the dimensions
used to determine optimal placement  of quench injection points according to
the teachings of the present invention  when a spiral baffle is present;
[0025] FIG. 4(a) is an oblique view of the volume above the collection tray



extending outward to the wall of the reactor column with such view
illustrating  the dimensions used to determine optimal placement of quench
injection points  according to the teachings of the present invention when a
double spiral baffle is  present above the collection tray; [0026] FIG. 4(b)
is a plan view of the region interior to the reactor column  with such view
illustrating the dimensions used to determine optimal placement  of quench
injection points according to the teachings of the present invention  when a
double spiral baffle is present above the collection tray; 1 5 DEC 2006  -9
[0027] FIG. 5(a) is a plan view of the mixing system of the present
invention  illustrating the location of the quench injector in a first
embodiment of the  present invention; [0028] FIG. 5(b) is an elevation view
of the mixing system of the present  invention illustrating the location of
the quench injector in a first embodiment of  the present invention; [0029]
FIG. 6(a) is a plan view of the mixing system of the present invention
illustrating the location of the quench injector in a second embodiment of
the  present invention; [0030] FIG. 6(b) is an elevation view of the mixing
system of the present  invention illustrating the location of the quench
injector in a second embodiment  of the present invention; [0031] FIG. 7(a)
is a plan view of the mixing system of the present invention  illustrating
the location of the quench injector in a third embodiment of the  present
invention; and [0032] FIG. 7(b) is an elevation view of the mixing system of
the present  invention illustrating the location of the quench injector in a
third embodiment of  



the present invention. DETAILED DESCRIPTION OF THE INVENTION [0033] Figure 1
shows, in simplified form, a hydroprocessing reactor column  in accordance
with the present invention. The general configuration of the  reactor is
conventional, as are details such as the supports for the grids and
distributor plates which are not shown for purposes of clarity. The reactor
column 15 is formed as a generally cylindrical chamber having an outer wall
16. 1 5 DEC 2006  -10 A reactor inlet 17 and a reactor outlet 18 are
provided for introducing and  discharging fluids from the reactor column 15.
The reactor column 15 further  comprises one or more catalyst beds 20
positioned along the longitudinal axis of  the reactor column 15. Each of
the catalyst beds 20 contains catalyst material 21  which is preferably
supported below by a catalyst support grid 22. The catalyst  support grid
22, together with the outer wall 16, provides direct support for the
catalyst material 21. Alternatively, the catalyst support grid 22 may
provide  indirect support for the catalyst 21 by retaining one or more
layers of a larger  supporting solid or solids which in turn support the
catalyst 21. A distribution  tray 23, for facilitating even distribution of
fluids over the catalyst 21, is prefer- ably provided above the catalyst
material 21. The catalyst support grids 22 and  the distribution trays 23
comprise meshed or perforated portions having  openings sufficiently large
to allow fluids to pass therethrough. In addition, the  openings in the
catalyst support grids 22 are sufficiently small so as to prevent  the
catalyst 21 from passing through. Further, it will be appreciated that the
openings in the distribution trays 23, and any flow devices which may be
associated with the openings in the distribution trays 23, should be sized
and  spaced such that fluids deposited onto the distribution tray 23 are
generally  



forced to spread substantially over the distribution tray 23 before passing
through distribution tray 23. [0034] The spaces between successive catalyst
beds define interbed mixing  zones. The interbed mixing zones function, in
part, to provide a homogeneous  mixture of reactants to the catalyst beds
20. Additionally, the interbed mixing  zones provide a convenient position
for introducing quench fluids and/or  supplemental reactants into reactor
column 15. Although the embodiment  shown in Figure 1 contains three
catalyst beds 20 and two interbed mixing  zones, it will be appreciated by
those skilled in the art that the reactor in 15 DEC 2006  -11 accordance
with the present invention may contain more or less than three  catalyst
beds and more or less than two interbed mixing zones. [0035] A mixing system
is positioned within at least one of the interbed  mixing zones. The mixing
system comprises a collection tray 26 which extends  generally perpendicular
to a longitudinal axis of reactor column 15. Collection  tray 26 spans
substantially across the entire diameter of reactor column 15 so as  to
divide the interbed mixing zone into an upper and a lower region.
Accordingly, collection tray 26 collects fluids passing through the catalyst
bed  20 which is positioned above collection tray 26. [0036) One or more
passageways 29 are provided in collection tray 26 to  provide fluid
communication between the upper and lower regions of the  interbed mixing
zone. Accordingly, the passageways 29 permit vapor and/or  liquid phases
collected above the collection tray 26 to flow downwardly into the  lower
region of the interbed mixing zone. In the embodiment shown, each
collection tray 26 comprises two passageways 29 formed as spillways. Each of
the spillways is formed as an opening 30 within the collection tray 26. A
first  



conduit 31 is formed above the opening 30 for directing fluids through
opening  30 and a second conduit 32 is formed beneath opening 30 for
directing fluids  that have passed through opening 30 away from opening 30.
It will, however, be  appreciated by those of skill in the art that other
designs may be utilized. For  example, the passageways may comprise
open-ended tubes passing through  collection tray 26. [0037] Mixing chamber
35 is positioned below collection tray 26 to receive  fluids which pass
through passageways 29. In the embodiment shown in Figure  1, the mixing
chamber comprises a cylindrical wall 36 attached to, and extending
generally perpendicular away from a lower surface of collection tray 26.
Mixing  chamber 35 further comprises floor 37, extending generally
horizontally from 1 5 DEC 2006  - 12 cylindrical wall 36 upon which fluid
can collect. Weir 40 is positioned generally  peripherally at the end of
floor 37 as a retaining wall extending perpendicularly  and upwardly from
floor 37 of mixing chamber 35. Fluids must therefore flow  over weir 40
prior to exiting mixing chamber 35. Accordingly, weir 40 functions to retain
fluid on the floor 37 of mixing chamber 35 until the level of  fluid on
floor 37 is about the same as, or higher than the height of weir 40.  [0038]
Flash pan 44 is optionally positioned within the interbed mixing zone  below
mixing chamber 35. Flash pan 44 comprises a floor with a retaining wall
extending substantially vertically upward about the perimeter of the floor.
Flash  pan 44 also optionally comprises openings or upstanding pipes to
convey fluid  through the floor of flash pan 44. Flash pan 44 may be
provided to receive  fluids as they are discharged from mixing chamber 35 so
as to evenly distribute  the fluids over the surface of distribution tray
23. [0039] In addition, one or more quench feed lines 46 extend through the
wall  



16 of reactor column 15 into one or more quench injectors 55 within the
interbed  mixing zones. Injectors 55 enable a fluid or a gas to be injected
into one or more  of the interbed mixing zones. Quench feed lines 46 may
also enter through the  top or bottom head of reactor column 15 and pass
through catalyst beds 20 and  distribution trays 23 to arrive at an injector
55 within the interbed mixing zone.  For example, in a hydroprocessing
reactor, hydrogen may be injected as both a  quench fluid and as a reactant.
In general the quench fluid may be a gas, a liquid  or a mixture of gas and
liquid. Injectors 55 should provide a uniform, initial  distribution of the
quench fluid as further described herein. [0040] Although not required in
connection with the present invention, FIG. 1  further shows a baffle 42
within mixing chamber 35. As described in applicant's  co-pending patent
application entitled "Improved Multiphase Mixing Device  with Baffles,"
which is hereby incorporated by reference, baffle 42 facilitates the 15 DEC
2006  - 13 mixing of fluids within mixing chamber 35. In Figure 1, baffle 42
extends  perpendicularly and downwardly from the bottom of collection tray
26. [0041] According to the specific teachings of the present invention,
quench  fluid mixing is significantly improved by selecting one or more
quench injection  points such that (i) the accompanying lateral velocities
of process fluids in the  region are low, (ii) sufficient volume is
available for the quench fluid to mix  with the process fluids, and (iii)
the quench is introduced with a velocity which  is principally opposed to
that of the process fluid transverse velocity. By  identifying where process
fluids pass through the collection tray 26, and by  examining the paths that
process fluids travel as they approach the openings in  collection tray 26,
the best location for the associated injector(s) 55 can be  determined in
accordance with the teachings herein. In most existing downflow  



reactors, the openings in the collection tray 26 are at or near the center
of reactor  15. In such cases, process fluids exiting downward through the
catalyst support  grid must travel generally horizontally along or above
collection tray 26 toward  the openings in collection tray 26. Further, if
the space above the collection tray  26 is mostly empty volume free of
obstructions, then the flow paths will proceed  directly toward the
openings. In cases where baffles are present on the  collection tray 26 on
the upper surface of collection tray 26, the flow paths will  proceed toward
the openings by a more indirect route defined by the baffles.  [0042]
Depending upon where the process fluid flow paths fall, according to  the
first and third criteria of the present invention, quench is injected where
the  process fluids are traveling at a low relative velocity and such that
the quench is  injected in a direction opposite that of the process fluid
flow. In general, this  dictates that quench be injected nearer to the wall
16 of reactor 15 and in an  outward direction. However, it is also
preferable according to the second criteria  of the present invention to
ensure adequate mixing space between the injection 1 5 DEC 2006  -14
point(s) and the reactor wall 16 in order to maximize mixing efficiency. The
process for determining the appropriate injection point(s) to meet the
aforesaid  three criteria and systems resulting from such determination is
discussed herein  in detail in the following description. [0043] In one
embodiment of the present invention, the methodology for  locating quench
injectors is based upon the use of interbed designs with  openings through
the collection tray 26 that are substantially in the center of the
collection tray 26. In this case, locating injection points such that
lateral process  fluid velocities are low and mixing volume is maximized
dictates a minimum  and a maximum radius within which the quench fluid is
preferably injected.  



This invention is not, however, necessarily limited to use with interbed
designs  in which openings are close to the center and the teachings may
also be applied  to applications in which openings are spaced closer to the
periphery of reactor  15. [0044] Turning now to Figure 2, the teachings of
the present invention with  respect to locating quench injectors at or near
points of low process fluid  velocities are next discussed. The low velocity
region of the headspace above  collection tray 26 can be defined as the
region where the kinetic energy square  root ratio of the quench flow and
transverse process fluid flow is greater than a  critical value. The
preferred value according to the teachings herein depends  specifically upon
process conditions and design safety factors, but experimental  results
indicate that the optimal ratio is in the range of 3 to 150. The kinetic
energy square root ratio of the quench flow to transverse process fluid flow
(KEQ/KEx)112 at any radius in vessel 15 is given by: (KEQ/KEx)112 = f (QQ,
Qp, PQ, pp, AQ, H, R, r).  where QQ and Qp are the quench and process fluid
volume flow rates  respectively, pQ and pp are the respective fluid
densities, AQ is the total cross 1 5 DEC 2006  - 15 sectional area for flow
of the quench injectors at the point(s) of discharge, H is  the height of
the fluid layer on the collection tray of the same phase as the  quench
fluid, R is the inner radius of vessel 15 and r is any arbitrary radius less
than R measured from the center of vessel 15. [0045] The function f is
derived as illustrated in Appendix 1. According to  the teachings of the
present invention, the function f is solved for the value of r  which
results in the kinetic energy square root ratio being equal to a target
value  chosen between 3 and 150. Higher values should be targeted in
applications  



where precise temperature control is particularly important. The value of r
thus  obtained is the minimum radius Rc, within which quench injection
points should  be located in order to obtain the benefits of the teachings
of the present inven- tion, that is, to create the most favorable conditions
for quench fluid mixing. In  this way, the first criteria for optimum quench
injection, namely locating  injection points in the region of low process
fluid velocity, can be satisfied.  [0046] If the region containing the
openings through the collection tray can  be circumscribed by a circle of
radius R. which is greater than the minimum  defined by Rc1 as calculated
above with respect to the first criteria, then R. itself  becomes the
minimum radius for locating the quench injection point(s). In any  event,
the first and third criteria dictate, respectively, that (i) the quench
fluid is  injected at a radius RQ which is greater than Rc, and (ii) the
quench fluid flows  in a direction which is counter to the transverse
process fluid flow (i.e.  substantially outward in the radial direction).
[0047] Regarding the second criteria, quench mixing performance is  enhanced
when the volume available for mixing exceeds a critical fraction of the
total volume above collection tray 26. As with the kinetic energy square
root  ratio used in the first criteria, the preferred volume fraction for
quench fluid  mixing is application specific, but experimental results
indicate an optimal value 1 5 DEC 2006  16 between 0.03 and 0.45. A larger
value should be targeted in applications where  precise temperature control
is particularly important. The ratio of available  quench mixing volume to
total volume is given by: VM/VT = g (R, r) Here, R and r are defined as in
the first criteria and g is a geometric function  derived as illustrated in
Appendix 2. By solving for the value of r which results  



in a target value of VMNT chosen between 0.03 and 0.45, the maximum radius
Rc2 within which quench injection should occur may be obtained. Insufficient
volume for mixing results between the quench inlets and the wall 16 of
reactor  15 if RQ exceeds Rc2. [0048] In the event that reactor 15 employs
openings through collection tray  26 at or near the center of the vessel and
in cases where baffles are not present  on the upper surface of collection
tray 26 to induce other than substantially  radially inward flow, combining
the first and second criteria leads to the  conclusion that the preferred
means of quench injection is attained when the  injection points are located
in a zone between 20% and 90% of the radius of  reactor 15. The third
criteria dictates that the quench fluid be directed  substantially radially
outward. [0049] This preferred location and direction of quench injection,
in cases  where process fluids pass through one or more centrally located
openings in  collection tray 26, result from the radial symmetry of the flow
domain. This  symmetry allows the locations of multiple central outlets to
be described by a  one-parameter boundary, which is a circle of radius R0,
dividing the volume  associated with the outlets from the rest of the volume
above collection tray 26.  Further validation of the concept comes from the
fact that the transverse flow  crossing the circle of radius R. is
approximately radially inward so that the path  length followed by the fluid
elements can be parameterized in terms of radius. 1 5 DEC 7006  - 17
Recognition of these features permits the above criteria to be extended to
reactors and other vessels having other geometries, and it will be
understood by  one of skill in the art that the teachings of the present
invention are not necessary  limited to vessels with circular cross sections
or any other class of cross sections  



or geometries. [0050] For example, one possible alternative application of
the present  invention may be an interbed design wherein the principal flow
through  collection tray 26 is via openings disposed near the wall 16 of
reactor 15. In this case, the low velocity region for process fluid would be
in the center of reactor  15. The openings can still be separated from the
rest of the domain by a circular  boundary. The only difference between this
case and the case described above is  that the cross-sectional area outside
of the boundary is related to the radius r in a  different way and thus
changes the functions 'F' and "g" described above  accordingly. The critical
constraints of the present invention, however, remain  unchanged. Quench
fluid should be introduced in a low velocity region  ((KEQ/KEP)112 greater
than 3 to 150) of sufficient volume (VM/VT equal to 0.03  to 0.45) with a
velocity substantially opposite that of the process fluid. [0051] According
to the teachings of the present invention, the process for  determining the
optimal location for injection points may also be applied to  interbed
systems wherein substantially vertical baffles on the upper surface of
collection tray 26 prevent process fluid from following a direct radial path
to the  openings in collection tray 26. In the case of a spiral baffle as
in, for example,  the `896 patent cited above, fluid is forced to follow a
longer path to a central  opening, thereby increasing mean residence time on
collection tray 26. As a  result, extended contact between the fluids from
different regions of reactor 15 is  attained. In this case, the angular
coordinate 0 serves as a one-parameter 15 DEC 2006  -ls boundary with which
the fluid flow paths may be parameterized, and along  which the location of
the outlet(s) in the collection tray may be defined.  [0052] Analogous to
the range on RQ determined in the earlier examples, a  



preferred range of OQ for maximum quench mixing effectiveness can be
determined for the spiral baffle configuration. This is illustrated in
Figure 3. As  shown in Figure 3(a), the cross-sectional area for transverse
flow across the  collection tray is between the spiral baffle 310 and the
wall 16 of reactor 15 (or  between the inner and outer segments of baffle
310) as baffle 310 winds to the  outlet. The cross-sectional flow area
outside the boundary is the wedge-shaped  area which forms the ceiling of
the channel bounded by the reactor wall and the  portion of baffle 310 that
is beyond the angle 0. These areas, in this case, are  functions of 0 rather
than r as in the previous examples. [0053] Determining the optimal limits on
OQ in the case of a spiral baffle  proceeds in a manner similar to that
described above by first checking that  (KEQ/KEx) 112 is in the range from
3-150 and then solving for Oct, if necessary.  Finally OC2 is determined by
the VM/VT ratio using a range of 0.03-0.45.  Combining the first and second
conditions of low transverse fluid velocity and  adequate mixing volume,
respectively, leads to the conclusion that the preferred  location for
quench injection is at an angle between 1 and 4 radians with the  quench
fluid being injected opposite the process fluid flow direction, which is in
the negative angular direction in Figure 3(b). [0054] Because transverse
flow within spiral baffling 310 occurs through a  more restricted width than
when no baffle is present, the teachings of the present  invention may, in
some cases, show that there is no region above collection tray  26 that
satisfies the low velocity criterion. In other words, it may be determined
that the process fluid on collection tray 26 is moving too fast at any
location for 1 5 DEC 2006  -19 favorable dispersion and mixing of quench
fluid to occur. As such, an additional  benefit of the present invention is
that it provides a method for determining  



whether spiral baffling, or baffling of any other geometry, actually adds a
benefit  in quench mixing efficiency or not. [0055] As a further extension
to applications with spiral baffling above the  collection tray 26, the
teachings of the present invention may be employed in  connection with a
double baffle design (such as is described in, for example, US  Patent
Numbers 5,403,560; 5,554,346; and 5,567,396) where the volume above
collection tray 26 is divided into two domains outside the radius of a
central  opening through collection tray 26. This class of applications is
generally  illustrated in Figure 4. In this case spiral baffles 410 and 420
separate the avail- able volume into two identical half-domains. To
determine the first limit on  quench injection location, namely Ocl, only
one of the half-domains need be  considered. The volumetric flow rate of the
quench fluid must be halved in the  calculations to account for being
equally divided between the two legs 410 and  420 of the double spiral.
However, when determining the second limit on  quench injection location,
namely OC2, the full available mixing volume is twice  the volume of a
single leg of the spiral and must be taken into account. Follow- ing
otherwise the same procedure as described above for the case of a single
spiral baffle, limits on OQ can be determined. Typically the limits define a
preferred range of angle between 1 and 6 radians. As with the previously
described embodiments, injection should be against the flow of the process
fluid  resulting in a preferred direction which is in the negative angular
direction in  Figure 4. [0056] The double spiral example above demonstrates
how multiple paths to  the outlet can be treated. Similarly, multiple
openings through the collection  tray 26 can be analyzed even when they
cannot be grouped within a simple 1 5 DEC 2006  -20 



boundary as described in the cases parameterized by radius. The domain
should  be partitioned according to a curve dividing the transverse flow
among the  outlets. The fraction of quench to each outlet is determined by
the location of  the injection means. It is unlikely that a multiple outlet
geometry would allow  use of a spatial coordinate as the single parameter
defining both boundary and  flow path. However, it is always possible to
identify the longest path within the  domain and parameterize using arc
length along that path. In fact, for the case of  a central opening and no
baffles, the longest path is a radius from the outer wall  16 (at R) to the
internal boundary (at R0), so radius and arc length  parameterization are
the same. [0057] The actual means of introducing quench fluid according to
the  teachings of the present invention may take several forms as described
in the  following embodiments. In these examples, the transverse flow of
process fluid  is in a radially inward direction implying that the quench
should enter flowing  substantially radially outward. In one embodiment of
the present invention, as  illustrated by Figure 5, quench fluid enters
through a piping tee centered in the  reactor 15 with arms extending a
distance RQ greater than the minimum radius  Rc encircling all openings
through collection tray 26. [0058] In yet another embodiment as shown in
Figure 6, quench fluid enters  through a branched pipe distributor 655 and
656 having two arms (although  additional arms may also be used) where the
radius RQ, to which the arms  extend, exceeds the radius Rc encircling all
openings through collection tray 26.  Alternatively, as shown in Figure 7,
quench fluid may be introduced through  several inlets from a manifold,
duct, or ring which has a radius RQ greater than  the minimum radius Rc
encircling all openings in the collection tray 26.  Preferably, in this
embodiment, the inlets direct the quench fluid horizontally J 5 DEC 2006  



-21 outward in opposition to the transverse velocity of the process fluid
which is  substantially radially inward. [0059] The above discussion of the
present invention describes the optimal  placement of quench inlets.
However, it will be understood by one of skill in the  art that the
teachings of the present invention are not limited thereto and the  present
invention may be applied to applications in which any connecting means  is
used to connect one or several entrance conduits to a plurality of inlets
thus  located. The teachings of the present invention do not require that
the connect- ing means be symmetric or disposed in any particular manner
relative to the  critical radii or angles determined in accordance with the
analysis described  herein, except for the consideration, which will be
obvious to one of skill in the  art, that substantially equal quench flows
from each of the inlets is preferred.  [0060] The following table presents
data reflecting quench mixing  performance for the invention, with quench
injectors extending to various  diameters, at fixed operating conditions.
Included for comparison are the mean  radius of the injection device and the
angle formed between the injected quench  fluid velocity and the transverse
process fluid velocity at the point of injection.  The reported mixing index
is defined as 100 less the standard deviation of tracer  concentration,
expressed as a percentage of the mean concentration, from eight  sample
locations equally spaced around the perimeter of the reactor 15 below the
mixing chamber 35. For the operating conditions and reactor configuration
used  to obtain the data in the table, the analysis taught in the present
invention defines  the critical radii for optimal location of the quench
injection points as Rci from  23.0 to 23.9 inches and RC2 equal to 49.0
inches. As can readily be seen from a  review of the table, a definite
benefit in quench gas mixing is observed only  when RCI < RQ < RC2 and the
quench flows in a direction opposed to the process  



fluid. 1 5 DEC 2006  -22 Description Quench Angle Quench  of Quench Fluid RQ
Z(up,uQ) Mixing  Run Injection Means Phase (inches) Rci<RQ<Rc2 (degrees)
Index  97 2-Arm Distributor GAS 2.25 NO 180 90  (as in Fig. 5) 98 2-Arm
Distributor GAS 6.88 NO 180 91  with Slotted End Caps  71 Central
Distributor GAS 8.00 NO 90 80  with No Arms 105 8-Arm Distributor GAS 9.00
NO 180 88  (similar to Fig. 6) 102 2-Arm Distributor GAS 17.06 NO 90 91
with Closed Ends and Nozzles along  ,Length 103 2-Arm Distributor GAS 18.38
NO 0-90 90  with Closed Ends and Holes along  Length 106 2-Arm Distributor
GAS 25.38 YES 180 95  (as in Fig. 5) 99 2-Arm Distributor GAS 49.38 NO 180
90  (as in Fig. 5) 



1 5 D E C 2006  -23 Appendix 1: Derivation of First Criterion for Preferred
Quench Injection Location(s)  The following derivation leads to the first
criterion for locating quench injection  point(s) in a reactor where the
openings through the collection tray are  substantially in the center of the
collection tray. This criterion requires a  relationship between radial
position from the reactor center and the kinetic  energy square root ratio
of the quench fluid to the transverse fluid flow,  (KEQ/KEx)U2. The
nomenclature refers to Figure 2. The kinetic energy of a fluid stream is the
product of the fluid density p and the  fluid velocity v squared. The fluid
velocity v is the quotient of the fluid volume  flow rate Q and the
cross-sectional area for flow A. Thus in general the kinetic  energy of a
fluid stream KE is given by: KE=Pv2=PQJZ  For the quench fluid, the kinetic
energy at the point of injection KEQ is based on  the volume flow rate QQ,
the injected quench fluid density pQ, and the cross- sectional area of the
quench injector(s) AQ: 1  KEQ = PQI QQ A  l Q For the transverse process
fluid flow, the kinetic energy KEx is dependent on  radial position because
the volume flow rate Qx, the fluid density px, and the  cross-sectional area
for flow Ax all vary with radius: 2  KEx (r) = Px (r Qx (r) 



Ax (r) 15 DEC 100b  -24 Since the prevailing direction of the transverse
process fluid flow is horizontal  and radially inward, the cross-sectional
area for flow at a radius r from the  reactor center is a circular band of
radius r and height H, where H is the height of  the fluid layer of the same
phase as the quench fluid. (If the quench fluid is  liquid, H is the height
of the liquid layer on the collection tray. If the quench  fluid is gas, H
is the height from the liquid surface on the collection tray to the
underside of the catalyst support grid). Therefore: Ax (r) = 29drH The
transverse fluid volume flow rate Qx(r) consists of the full quench flow
rate  QQ, assumed to be injected at a radius greater than r, plus that
fraction of the  process flow Qp which enters the space above the collection
tray at a radius  greater than r and flows inward across the radius r to
reach the centrally located  openings in the collection tray. Since the
process fluid is assumed to enter the  space above the collection tray from
the catalyst support grid uniformly at all  points, the fraction of the
process flow entering outside the radius r is the total  flow Qp multiplied
by the ratio of the cross-sectional area outside the radius r,  A(r), to the
total reactor cross-sectional area, AT. The transverse volume flow  rate
Qx(r) is then: A(r)  QX(r)=QQ+Q, AT The density of the transverse fluid flow
px(r) is an average of the densities of the  quench and process fluids, pQ
and pp respectively, weighted according to their  volume flow rates across
the radius r: PQQQ + PP(QP AAA))  



PX (r) - QQ +(QP AA, )) ' 1 5 DEC 2006  -25 (A more rigorous method may be
used to determine px by accounting for the  volume change due to mixing or
other thermodynamic considerations as an  enhancement to the first criterion
for locating the quench injection point(s)).  Substituting the three
foregoing equations into the expression for KEx(r) yields: KEX (r) = pX
(r)~QX (r)~2 - PQQQ +pPQP AAr) QQ +Q AAr)  AX (r) QQ +QP AT `qX (r) 1..  A
(r: This isolates the radial dependence of KEx to the variation in
cross-sectional  areas A(r) and Ax(r). The flow rates QQ and Qp, the
densities pQ and pP, and the  total reactor cross-sectional area AT are
fixed. The desired ratio for the first criteria is then: P QQ  KEQ AQ 2  KEX
(r) PQQQ +pPQP n QQ +QP A QQ + QP AA, ) AX (r) This expression may be
simplified by distributing the square root over each  term, combining powers
of the common term in the denominator, and dividing  numerator and
denominator by QP4pp: 1 5 DEC 2006  -26 QQ  KEQ PQ AQ 



( ) A(r) Ar) KEx r IPQQQ +PPQP AT Q. +QP AT  QQ +!2P Aqr) AX (r) KE PQ QQ Ax
(r)  Q Q  KEx (r) + A(r) + A(r) VPQQQ PPQP AT QQ QP AT PQ QQ Ax (r)  KEQ p
Qp AQ KEx (r) PQQQ A(r) QQ A(r)  PPQP AT Qp AT The total cross-sectional
area AT of a reactor of radius R is given by:  z  AT = rR The
cross-sectional area A(r) outside a radius r from the center is a
ring-shaped  area given by: A(r) = 9r(R2 - r2 ) Thus the area ratio in the
denominator of the kinetic energy expression is:  A(r) - 7[(R' - r2) _ r z
AT 7rR' R  Therefore the ratio needed for the first criteria may be written:
PQ QQ 27cRH KEQ PP QP AQ KEx (r) )PQQQ r rQQ r 1  P PQP Rl -~R) )  or: 



KEQ  KEX = g(QQ,Qp,PQ,Pp,AQ,H,R,r) 1 5 DEC 2006  -27 The criterion is
implemented by inserting the values of reactor radius R, quench  injector
cross-sectional area AQ, height of fluid layer of the same phase as the
quench H, quench volume flow rate and density QQ and pQ respectively, and
process fluid volume flow rate and density Qp and pp respectively, yielding
an  expression for the kinetic energy square root ratio as a function of
radius r from  the reactor center only. A desired value of the ratio is then
set and the value of r  found which matches the target ratio. 1 5 DEC 2006
-28 Appendix 2: Derivation of Second Criteria for Preferred Quench Injection
Location(s)  The following derivation leads to the second criteria for
locating quench  injection point(s) in a reactor where the openings through
the collection tray are  substantially in the center of the collection tray.
This criteria requires a  relationship between radial position from the
reactor center and the ratio of the  volume available for quench mixing to
the total volume, VM/VT. The total volume above the collection tray is the
product of the total cross- sectional area AT and the height H: VT=ATH
where the height H is interpreted with respect to the fluid of the same
phase as  the quench fluid as in Appendix 1. In a reactor of circular
cross-section having a radius R, the total cross-sectional  area AT is given
by: 



AT =7R2 The volume available for mixing between the reactor wall and quench
injection  point(s) located at a distance r from the center is the product
of the cross- sectional area outside the radius r, A(r), and the height H:
VM = A(r)H . The cross-sectional area A(r) outside a radius r from the
center is a ring-shaped  area given by: A(r)=)r(R2 -r2) 1 5 DEC 2006  -29
The ratio of the volume available for mixing to the total volume is then
given by:  VM _ A(r)H 7r(R2 - r2) 1-(r VT ATH 7R- R  or: VM = g(R,r)  VT The
radial location corresponding to a desired ratio VMNT is obtained by solving
the above equation for r/R: r  R= 1-VV Thus, for example, if it is desired
that the volume available for mixing be at least  20% of the total available
volume, VMNT is 0.20 and the above equation dictates  that r/R equals 0.894.
Therefore the quench injection location(s) should be  located inside a
circle having a radius equal to 89.4% of the reactor radius.  [0061] The
foregoing disclosure of the preferred embodiments of the present  invention
has been presented for purposes of illustration and description. It is  not
intended to be exhaustive or to limit the invention to the precise forms  



disclosed. Many variations and modifications of the embodiments described
herein will be apparent to one of ordinary skill in the art in light of the
above  disclosure. The scope of the invention is to be defined only by the
claims, and  by their equivalents. 15 DEC 2006  30 CLAIMS  1. A mixing
system for distributing vapor and liquid across a reactor, comprising:  a
reactor vessel defined by a reactor wall; a collection tray for receiving
vapor and liquid; at least one quench injector for introducing quench fluid
into said mixing system at  at least one location above said collection
tray; and at least one conduit extending through said collection tray into a
mixing chamber  for permitting the flow of fluid from above said collection
tray and into said mixing  chamber; wherein quench fluid is introduced into
said mixing system by said at least one  quench injector at the at least one
injection location wherein the kinetic energy of the  quench fluid at said
at least one injection location is greater than the kinetic energy of the
transverse process fluid flow at said at least one injection location,
wherein said at least one injection location is selected such that the
kinetic energy  square root ratio of the quench flow and transverse process
fluid flow, (KEQ/KEx)1'2, is in  the range of 3 to 150. 2. A mixing system
for distributing vapor and liquid across a reactor, comprising:  a reactor
vessel defined by a reactor wall; a collection tray for receiving vapor and
liquid; at least one quench injector for introducing quench fluid into said
mixing system at  at least one location above said collection tray; and 



at least one conduit extending through said collection tray into a mixing
chamber  for permitting the flow of fluid from above said collection tray
and into said mixing  chamber; wherein quench fluid is introduced into said
mixing system by said at least one  quench injector at the at least one
injection location wherein the kinetic energy of the 15 DEC 1006  31 quench
fluid at said at least one injection location is greater than the kinetic
energy of the  transverse process fluid flow at said at least one injection
location, wherein said at least one injection location is at a point which
is located outside of  a minimum radius, rct, from the center of said
reactor vessel. 3. The mixing system of claim 2 wherein said at least one
injection location is at a  point which is outside of a radius defining a
circle which contains all of said conduits  extending through said
collection tray. 4. A mixing system for distributing vapor and liquid across
a reactor, comprising;  a reactor vessel defined by a reactor wall; a
collection tray for receiving vapor and liquid; at least one quench injector
for introducing quench fluid into said mixing system at  at least one
location above said collection tray; and at least one conduit extending
through said collection tray into a mixing chamber  for permitting the flow
of fluid from above said collection tray and into said mixing  chamber;
wherein quench fluid is introduced into said mixing system by said at least
one  quench injector at the at least one injection location wherein the
kinetic energy of the  quench fluid at said at least one injection location
is greater than the kinetic energy of the  transverse process fluid flow at
said at least one injection location, wherein the quench fluid is injected
in a direction which is opposite that of the  



transverse process fluid flow. 5. The mixing system of claim 1, wherein the
quench fluid is injected in a direction  which is opposite that of the
transverse process fluid flow and wherein said at least one  injection
location is at a point which is located outside of a minimum radius, rc,,
from the  center of said reactor vessel. 6. A mixing system for distributing
vapor and liquid across a reactor, comprising: 15 DEC 2006  32 a reactor
vessel defined by a reactor wall; a collection tray for receiving vapor and
liquid; at least one quench injector for introducing quench fluid into said
mixing system at  at least one location above said collection tray; and at
least one conduit extending through said collection tray into a mixing
chamber  for permitting the flow of fluid from above said collection tray
and into said mixing  chamber; wherein quench fluid is introduced into said
mixing system by said at least one  quench injector at the at least one
injection location wherein the kinetic energy of the  quench fluid at said
at least one injection location is greater than the kinetic energy of the
transverse process fluid flow at said at least one injection location,
wherein said at least one quench injection location is at a point in which
the ratio of  quench mixing volume to total volume, VM/VT, is in the range
from 0.03 to 0.45. 7. The mixing system of claim 6, wherein said at least
one quench injection location is  located inside of a maximum radius, rcz,
from the center of said reactor vessel. 8. A mixing system for d'stributing
vapor and liquid across a reactor, comprising:  a reactor vessel defined by
a reactor wall; a collection tray for receiving vapor and liquid; at least
one quench injector for introducing quench fluid into said mixing system at



at least one location above said collection tray; and at least one conduit
extending through said collection tray into a mixing chamber  for permitting
the flow of fluid from above said collection tray and into said mixing
chamber; wherein quench fluid is introduced into said mixing system by said
at least one  quench injector at the at least one injection location wherein
the kinetic energy of the 1 5 DEC 2006  33 quench fluid at said at least one
injection location is greater than the kinetic energy of the  transverse
process fluid flow at said at least one injection location, wherein said at
least one quench injection location is within a zone between 20%  and 90% of
the radius of said reactor vessel, wherein the quench fluid is injected in a
direction which is opposite that of the  transverse process fluid flow. 9.
The mixing system of claim 8 wherein said at least one quench injection
location  comprises a plurality of quench injection locations. 10. A mixing
system for distributing vapor and liquid across a reactor, comprising:  a
reactor vessel defined by a reactor wall; a collection tray for receiving
vapor and liquid; at least one quench injector for introducing quench fluid
into said mixing system at  at least one location above said collection
tray; and at least one conduit extending through said collection tray into a
mixing chamber  for permitting the flow of fluid from above said collection
tray and into said mixing  chamber; wherein quench fluid is introduced into
said mixing system by said at least one  quench injector at the at least one
injection location wherein the kinetic energy of the  quench fluid at said
at least one injection location is greater than the kinetic energy of the  



transverse process fluid flow at said at least one injection location,
wherein said mixing system further comprises at least one vertical baffle
located  above said collection tray. 11. The mixing system of claim 10,
wherein said vertical baffle is a spiral baffle and  wherein said at least
one quench injection location is at a point which is determined by an
angular coordinate boundary, 0. 1 5 DEC 2006  34 12. The mixing system of
claim 11, wherein the quench fluid is injected in a direction  which is
opposite that of the transverse process fluid flow. 13, The mixing system of
claim 1, wherein said at least one quench injector comprises  a piping tee.
14. The mixing system of claim 1, wherein said at least one quench injector
comprises  a branched pipe distributor. 15. A mixing system for distributing
vapor and liquid across a reactor, comprising:  a reactor vessel defined by
a reactor wall; a collection tray for receiving vapor and liquid; and at
least one quench injector for introducing quench fluid into said mixing
system at  a location above said collection tray; wherein quench fluid is
introduced into said mixing system by said at least one  quench injector at
least one injection location wherein said at least one injection location is
at a point which is located outside of a minimum radius, rc,, from the
center of said reactor  vessel and inside of a maximum radius rc2 from the
center of said reactor vessel, wherein the quench fluid is injected in a
direction which is opposite that of the  transverse process fluid flow,
wherein said minimum radius, rc,, is derived such that the kinetic energy
square  root ratio of quench flow and transverse process fluid flow,
(KEQ/KEx)"2, is within a range  



from 3 to 150. 16. A mixing system for distributing vapor and liquid across
a reactor, comprising:  a reactor vessel defined by a reactor wall; a
collection tray for receiving vapor and liquid; and at least one quench
injector for introducing quench fluid into said mixing system at  a location
above said collection tray; 1 5 DEC 2006  35 wherein quench fluid is
introduced into said mixing system by said at least one  quench injector at
least one injection location wherein said at least one injection location is
at a point which is located outside of a minimum radius, rdl, from the
center of said reactor  vessel and inside of a maximum radius rC2 from the
center of said reactor vessel, wherein the quench fluid is injected in a
direction which is opposite that of the  transverse process fluid flow,
wherein said maximum radius, rCZ, is derived such that the ratio of
available quench  mixing volume to total volume VMNT is within a range from
0.03 and 0.45. 




