A MULTI PHASE M XI NG DEVI CE W TH | MPROVED QUENCH | NJECTI ON FOR | NDUCI NG
ROTATI ONAL FLOW FI ELD OF THE | NVENTI ON [ 0001] The present invention rel ates
generally to systens for mixing process gases and |iquids and nore

» specifically to interbed quench and m xi ng systens involving cocurrent and
countercurrent downfl ow reactors using {fixed hardware. BACKGROUND OF THE

| NVENTI ON [ 0002] Downward flow reactors are used by the chem cal and
refining industries in a variety of processes, such as hydrotreating,
hydr of i ni shi ng and . cKin ok t vl rd f reactor has a
cylindrical outg gl\gg}wﬁgsﬁsﬁﬁg %%ggcwgl% n the reactor.
The catal yst bede 3 LN QR TR DUCINGROF ARONAL FEHOWSi t i oned
horizontally within the reactor and spanning the conplete dianeter of the
reactor. The catal yst support grid, together with the outer wall,

cooper at e KIELDRROH THEENVENATON or other particulate material in place. A
distribution tray is positioned horizontally within the reactor at a

| ocation above the catal yst bed for evenly distributing process fluids

onto the d@6@llst Thlpeesent mveation wilprRE lgefératly t@%&%ﬂﬁ%?hﬁiing?rbc&@d the
distribution tray define the volunme of the catal yst bed. [0003] Multiple
bed react dscsuand bawds ang meredpedifisgllyte irfterbed djuench pndwiiginggsyswmsor nor e
such cat al.yst, beds spaced al ong the | ongitudinal axis of _the reactor. The
regi on bet’éﬁ%‘%@é‘g"ﬁ% @“@5?‘:‘1‘%9@%& dowaflomereagiors psing fed hardwarg. zone.
When a reactor having nore than one catal yst bed is used, reactant fluids

are introdyg ,Me upper nost catal yst bed. The
react ant f of both liquid and vapor phases,

flow through the upper nost catal yst bed. -2

[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

distribution 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.



[ 0004] From the uppernost catal yst bed, unreacted reactant fluids and the
related fluid products derived frominteraction with the catalyst enter the
i nterbed m xing zone. The interbed m xing zone typically includes a m xing
<-chamber- This interbed m xing zone including a m xing chanber serves
several purposes. First, the interbed.#ixing zone serves as a conveni ent

pl ace through which additional reactants and/or tenperature quenching
materials can be introduced into the fluid products. In the reactor units
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m xi ng zone provides a region for mxing the ui d” products. %i ng the
f1uid prodehambas Idvs ingenbed enixing zond ipchdingt ahixatg Hedsberepswsesveral
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vessel di aichtased as buesultsofcthe ecacsioas berwddnaraseind IvRfd Somporibsg. Support
beans, piping and other obstructions also occupy the interbed region so
that uni qU¥HERRRAR Ehe catalysifs) eausing terapdrature & fnareasatwithvdispdnes elominki ng i n

what anou Limted vol une 006] Poor quench, zone performance
mani oot o g bfy Th aralEh $00khydioeeh sich Eandh mioriveed bafreen the bpds
lateral tagRfreat iR @hipkeltERCS ty Of e pbreceding bed or, in
t he worst cases, anpl Pﬁees t hesrsﬁ ﬂgnf%??@%q %h\%eh%%%%hc?gsﬁgw%%o_ d be able
to accept meactmss Sccohdly, tietihtdrbed mixXin Aok Prévides IRESIBh ¥oLmikdinkfRE ences or
hi gher and_honogeni ze them sufficiently that differences do not

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 abie to accept process fluids with 50 to 75°F lateral temperature

differences or higher and homogenize them sufficiently that differences do not




. 3 exceed 5F at the followi ng bed inlet- The second sign of poor performance
Is that inlet tenperature differences follow ng the gquench zone increase
as the rate of quench gas is raised. This indicates inadequate m xi ng of

. coaler gas with the hot process fluids. [0007] Poor quench zone
performance limts reactor operation i _various ways. Wien interbed m xing
Is unable to erase tenperature differences, these persist or grow as the
process fluids nove down the reactor. Hot spots in any bed lead to rapid

deactivati 4 st _in that regi on which ortens.the total

react or Cf%?%ﬂﬁ%%&@%ﬁﬂ%ﬁg{g geéf‘é@?t'r\ﬁ%i%@ﬁ‘?é‘ iROQr PGTEOHRARGE B8t hi gher
t enper at UnRS:i ' ALiSR, . ' i r ities to
be off-sgﬁil?%gﬁégﬂfaﬁﬁﬁggﬁeﬁ thel@g}r%g%rﬁgﬁl l?éeiﬁgtztoéﬁiﬂ %glﬁr‘l{]&e%gee s a
certain vafysendh yai Bahisyd SThis i@d&ﬁ%)maa&ﬁmwﬁﬁmgraf%obﬁﬁwgak Wth HRY becone
sel f-accelerating |eading to a runaway which can danmage the catal yst, the
vessel , oholprassss Baids. equi pment. Cogni zant of these hazards, refiners
operating with poor internal hardware nmust sacrifice yield or throughput
to avoid these tenperature limta- tions. Wth present day refinery

econoni cs [00¢Hat i Been quenchyano pedfosnanceglimifs reactampepeaatiomin aeshsr at es f ar

exceedi ng desi q)g 0 t%m guench zone design is a valuable | ow cost
debot t | end®S- [ B%Fnt iTFSRE trinabie,ir¢rags tomperaines differansasnthess i ci ency

of a quen . ' N to mx ench fluids with
process f;bgfsé%%%ﬁga atrsmms?ff‘ ﬁgdr(::e %QEFJSC% s%_ﬁé%_%ﬁ‘g}f r%ﬂﬁgé{c '%_Boﬁgme%"fyi ciency is
the met hoted eed tovapihdeathtvaiotlUE e cakdlyscini thad r@?fdﬂ%ﬁﬁﬂ shbfend file System
There have been various inprovenents in connectfon wth both physical
means and tetgkreactorrcatle lenghi Rroductontectivitidsrire oghicathgpeprenathighén t he

system [000‘53‘111r For exanple, U S. Patent No. 5,152, 967 discloses a system
i ncor por afeMPergtures; ok GegiPns:£3n ca)se sRIorm Vigepsity anst athepgualidesda bsr t he

process f loﬂ*—fi?ecﬁcation. Also, if the temperature at any point exceeds a certain value
(typically 800 to 850°F), 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 debottieneck.

[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 incorporat-

ing an annular mixing box in which rotational flow of the process fluids is

created by slotted entrances. Quench fluid is introduced through an annular ring




created by slotted entrances. Quench fluid is introduced through an annul ar
ri-ng 4 located substantially in the center of the vessel. The ring is
fitted with nozzles to direct quench fluid outward al ong radi al paths.

- Anot her device, disclosed in U S. Patent No. 5,462,719, creates a
rotational flow within a mxing box butg_.w thout significant |iquid hol dup
in the mxing volune. The quench fluid in this design is introduced
through a single vertical inlet at the vessel center positioned such that

th teri ' hor.i tal defl.ect f. ' .th h

lui d r aci SRS SAPHab AR o8 Rl el Blreiel, T Bhein biaditeerieioons of
quench I NtdiRgtd GheAth ORFGRNWAEHIONITaHE? phins. ATE!dcice, AiRikeddn: |1 NS
patent, a swirl device is used t0 mX gas and several guide channels are

used to mi¥.9. iRy Neef5462,7 IR pesites 8 gotatiomicflow witifin A mixihp Bok Gact r ay
| ocat ed between the collection tray and the final distributor tray. Quench

i s i nt r odu¥dboutsignificaniligiid bokdup inrthe nhicong eolunear Thdguenchefluidah ithisf t he
vessel with nult i.gl e.nozzl es gglinare.ct'k::lg the flow radially inward. Further,
in U S PatSHDRd %?%%iééb@,“ FAgle rEHCR 1nleh gt theyvessehdentes positioned | n
whi ch an I L XhLg: tr [ d.to.collec nd.m x I qui d on the
col | ect i ora1sialtE Hz&@#t ‘%éh@%?n‘g}égg%5‘?‘8#‘ftﬁéﬂ‘qqlaﬂkaé%ﬁhﬁ?a‘ﬁ5f%wg fRshed in
a central Iﬂuiﬁqggi‘raﬂ§dﬁmhﬁg box in which the fluids flowin a spiral path

towards a central Opening in the collection tray. Quench is introduced
within the |liquid phase through two radially outward oriented nozzles

| ocated i r[00NG] anMhé pdints Rehith Riebitde dQRHpLioNbE Guddeh iﬂ&B?chtiEg{“ i oned
systens may provide significant inprove- nents in process fluid mXxing ,
ef fi ci encytechmgyesdochdef(é.S. Patemt Nes §,635a 5. dimathis prienc b swiilidegicefi§i ci ency.
For exanple, ,the ~967 patent and the " 719 patent described above both
restrict t4%6dse BuELsandseyerrbeyre shannels aregireddp amixdiguid beforag t hr ough t he

col l ecti Orhe%?iﬁnw&%icﬂl 3 Bf;ehdfgﬁ'lebnuitpo%su'%y ﬁ)cgké%st;e?\r‘}toél? lhleycélﬂaction 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 aresult, in these designs, quench is injected into a region of the




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 5 vessel where very high transverse velocities are
anticipated. As will be discussed below with respect to the present
invention, this configuration results _4n relatively less efficient quench
gas m xing. [0012] The '145 patent also forces flow through a central
opening in the <collection tray, but |ocates the quench injection neans
substantia&éS essel with nul%Lple nozzl es directing

h | f th
quench radi a}{ffly ' rﬁé’?ﬁ’.’ }’1‘;'6&1? tﬁﬂ%é’ertsﬁg@r 1esAfe FRHCPMED A Will BS| y | ocated in
| rad ! RELRRLLS ¥ . a
quench {1 s sSel BoRSwith kot Ik dipschf felioh DL At us AT YGhls s ver s

vel oci ty ah relaavelydessseffichdtit duaich g@&smexifip, does not pronpte m xi ng
bet ween the process and quench flurds. Inthis design, it is also believed
that the quench | ocation may be | ocated too closely to the wall of the

vessel , | 8012 i ThdetdMpateni ko gorcet AGH @@Mgﬁ@céﬁl@alidﬁeﬁﬁ{g ANheoi nt and
the wall. 0&00131 The 896 patent again forces flow througli the central
openi ng i reollsetion tray deutiloeates the, qusoch injeotiomns nicans substantiablyl mear ehe' walhl y

spiral pat o the opening. as a result_ of baffles placed on the tray.
Quench is qr%r'}f‘%(‘f?ﬁﬂl Y"ph'?‘t%ﬂlpé%59?%%dwtlquﬁhya@éﬁﬁmwe@-b‘yl'QSO degr ees.

It is beli t f the.guench injectors.in this design

[ esui ¢V QQVL@‘%F&%@%%? SPegﬁéﬁ"%‘Eﬁ‘gf’f &%1""1‘%_?'94 CRPIRg aSdf 15 ‘8}‘@ RS,

Further , - giesciuaiveitibn] REVOVe, 12 dudhéh PG BB ler'htvesdef HoBliy |
outward, perpendicular to the transverse velocity of the process Tluid

rat her thaounteppo the eansverserahsoins sfcthe Prowiss Yluid ahd\easmuok assesfdodi d. [ 00141

Anot her system disclosed in U S. Patent No. 6,180,068, also provides
enhanced rﬂ"?‘i“ﬁnEF wixingdsbveethenacess apd quench flyidswilnithis designi ritiealsed space.

T o TY T BRiEVR] AP (R RRIRh oS af B8 Woca S 103" i0sel} 16 e walt St e °
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



~flexibility in mxing conditions while mnimzing pressure drop as well as
space and volune requirenents. However, the efficiency of this device is
sensitive to the degree of phase segregation achieved at the interbed
inlet and thus may not -6 performas desired under all conditions and with
respect to particular reactant charactgeristics. [0015] The above and ot her
known m xi ng systens generally suffer fromthe fact that there is

i nsufficient space within the m xing chanber to pronote intense two-phase

m Xi ng. TRjeﬁ- g b L LL Y S t Q _honpgeni ze quench
fluid wt prdocess SF‘E’? @ﬁgﬁ 1tc gﬁépgéseap(g?r‘gg'r%Ctiég%ﬁaipg‘ftécrlgoc&c%& ween
fluids frohathctdristiept sections of the reactor- Accordingly, there is a
continued need to provide m xing systens that pronote intense two-phase

mxing. A preferred systemalso should provide sufficient volune for the
vapor phaf@01%8] nirke aBoas ak@bihef kAFWLRIKiIng %a*]ﬁexﬂb @2RerallyUifeh flom A1 | STying

the above criteria, it 1is preferable that e designated m xi ng system

i ni ni zes fa¢tghpt themnsansiféipientspaderwithia the acikarg clsanisdrl togsometdintéissg
relatively easy retrofit_with existing _reactor spatial constraints [0016]
Wi | e var itWsPHasH meikdtee ntRisHupiss Becrpabdisy of these systomsinhomagentze t hat t he

prior art syst.eps. described Qye a ultipatel y de d on swirl chanber
of sone f&“é{“f'bﬁ?’{‘ﬂglﬁ'rﬁrPF?&ﬁ’P‘}#&%{%?@ﬁ% ?"?%X'E“I‘i%ﬁ F"B‘Fefsq?ﬁt‘)'(%
per f or manggy;d ' r t af.J ' ks created
W t hin th?@lﬁgm@fé%%ttﬁﬁﬁﬁ%?ﬁ%eﬁ 0 t6§hgk%%glﬁlg’%§g§{g eér,@ng'gp oy sone
type of wneadenpravidy nikingys@n®y thaepiotidie idehseevo-phadcrMmPEingl A anps to

i ntroduce one or both phases into the swirl chanber and it I's these

baffl es, $ieferedsysient alspshowldipravidesnfficientevaliow for thecvapon phasatoan

approxi mately radigl trajectory to th circular. potign desired within the
m xi ng ph%&?ﬁaﬁiffomﬁlﬂﬁé%&?ngwﬁi"@,’ erﬁ?é‘f‘gg%g!c VeGFUERMHdL enpl oy
quench i nje6lP&Sble 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] While various improvements have been made, it will be understood
that the prior art systems described above all ultimately depend on a swirl
chamber of some form for the critical mixing steps, and the overall mixing
performance is directly related to the rotational momentum which is created
within this chamber. Most if not all of the prior art systems employ some type
of tangentially-directed or helical baffles, surfaces or ramps to introduce one or
both phases into the swirl chamber and it is these baffles, surfaces or ramps
which change the flow direction from an approximately radial trajectory to the

circular motion desired within the mixing chamber.

[0017] Notwithstanding this, most prior art systems employ quench injectors
which create a substantially radial component alone in the quench fluid, either

radially inward or radtally outward. Even in systems which include baffles

which are claimed to provide premixing of quench and process gases, a




~which create a substantially radial conponent alone in the quench fluid,
either radially inward or radially outward. Even in systens which include
baffl es which are clained to provide prem xi ng of quench and process
gases, a -7 rotational conponent is not introduced until the fluids enter
the principal mxing chanber. [0018]‘yhe assignee of the present invention
has filed a co-pending patent application (EM Docket # 99-PL-032) entitled
"MJULTI PHASE M XI NG DEVI CE W TH | MPROVED QUENCH | NJECTI ON' _ The quench

i ntroduction neans according to the invention disclosed therein provides
for a pr&PRPPEY GORpRN 1§ BRlanirgdyced uilithe fluidsopntenthe principal miking i on of
a vessel bgyench fluid infjection on a fluid collection tray relative to
the wall an 0 the process fluid outlets through the collection tray. In
addition, the invention teaches a quench injection nethodol ogy and

t ' f d di t]. fehjecti t I
quench i nd808Y COThEhseRls=HahE Besshl VRRUORbS, SIELT SomRPaRR et sl oce
process aRgpROARIAEN DERIE¥IY PE- 031 UnlitledMUL TRPAX Melgr{pl ghe art, the

system descri bed i n the co-pending application does " no oy quench

i nj ecti on DEVICE WITHIIMPRO VEDIQUENCHINIECTION , Thdgidich' €  benefit from
the results attained therewith. Further, the teachings provided in
appl i cant 1@tredugsiendneansassprding to thednventienidisMosad hetSh prboXideSi@s/| CE W TH

| MPROVED QUENCH. | NJECTI ON' .nmy be. conbi ned with the _teaghi tai ned

ner o1 1 oPRIRTEAGHMESON VRO WHBAE B gniEl SRS OCRONGT AARASERSI al 1) be
in for _ oV . | . ly

Furt hor . mtnch DRIRATOR GEY PR EonecIBATrdy el oe AR i OB 7 g o

quench f1 wirscess MiidHAGES $hibugh dRe LSRR MERRKRSS thSNUARSnOF THE

| NVENTI ON [ 0020] The present i nvention provides a novel means to provide
mor e teaches a quench injection methodology and apparatus calling for a preferred

fC
a

direction of injection so as to release quench into a low-velocity region within
the vessel. While the disclosed process and apparatus represent a significant
improvement in the art, the system described in the co-pending application does
not employ quench injection with a rotational component and does not, therefore
benefit from the results attained therewith. Further, the teachings provided in
applicant’s co-pending application entitled “MULTIPHASE MIXING DEVICE
WITH IMPROVED QUENCH INJECTION” may be combined with the

teachings contained herein for further improvements and synergies.

{0019])  As can generally be surmised from the above discussion, there is room
in the current art to further mixing efficiencies and performance with respect 1o

the mixing of quench fluid with process fluids in downflow reactors.

SUMMARY OF THE INVENTION

[0020] 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 define one or more associated quench injection



effective mxing of quench fluids and process fluids within a reactor
vessel. According to the teachings of the present invention, one or nore
guench injection nmeans are selected to define one or nore associ ated
quench injection -8 locations in the region above the principal mxing box
or chanber. According to the teachingg.of the present invention, a
preferred direction of quench injection is selected to cause a rotational
current on the collection tray in the horizontal plane. This current, in

turn, res -1 - | L%l ni.sm:which is high onplenentary to
the rotat ﬁglﬁl%rdigllgv\t/&é ?ﬁ%@éﬁ%‘%ﬁhﬁ ﬂ%‘%&@&‘"ﬁ‘ﬁ‘% E%x Br %%%r X‘f‘ﬁq%hﬁ'é ®hanber
of the_quaneleathiifes di9A2 pleseRCAYShth, prblRredC AR BADIYuchlE iEGRANT .
invention, a mxing system is described wth such mXxihg system conprising
a hori zontiakelectetido cause 4 ratytioral cuinehnon tHeasdikitipn Hialyi ianke hbakewal he

collection tray, and at | east one pass%ge- way extending through the
col | ect i orPlameayThisicarient initwmngesuka iba fluid mixinganechanismmvdech imbighhe

| | ecti t def i t wo- ph | Xi I .. Th ssageway. conducts
fluid fromelvReriD to hegolitiaral Ray's ubtrausatkioducsd ib RmBRRCIDThe i xi ng
chanber prlﬂi?ﬁ% ' { one outlet opening for the downward
passage of Lﬁ@hg@h&f%}{ﬂg%g{&ﬂl %@Of one or nore baffles wthin the
m Xi ng chanber as described in applicant's co-pending application entitled
" | MPROVED [ty P - 4 | cat.i rjal
umber 10/ et cp R ARt of oGt inyon B 4 fRkipd 3y
i npl enent dsldestribedavitapach wikifg shStef comprising asBriOntdl icBRECHGPEEY, M SO as to
obtain the benefits described rn that patent application. [0022]  In
addi ti on, maxeng ekashbergrostisedi tedalw ithe epliddtioarttdys and ap brasi owg passpgd-cat i on

entitled "MILLTIP SE(!MM)Q RlG DEVI CE W TH | MPROVED . QUENCH | NJECTI ON' may
gener al | y Y0 SUFRHIAE dhigugh the sollection; traysinge the; mixingshambes The Btixing ect i ng

quench at phmpsPaid (HecdifGabh oy &%eia%vto-h;?hfs@eu(ﬁj;ililg 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
entitted “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 50 as to obtain the benefits described in that patent application.

[0022]  In addition, the teachings described in applicant’s co-pending
application entitled “MULTIPHASE MIXING DEVICE WITH IMPROVED
QUENCH INJECTION" may generally be combined with the teachings herein.
As aresult of injecting quench at the specific locations and in the specific
directions dictated by the teachings of the co-pending application, significant
improvements in mixing efficiency are obtained. Those teachings may be

combined with the teachings designed to induce rotational flow contained

herein. In particular, a combination of the teachings allows for mixing of




directions dictated by the teachings of the co-pending application,
significant inprovenents in mxing efficiency are obtained. Those

teachi ngs nay be conbined with the teachings designed to induce rotational
. flow contained herein. In particular, a conbination of the teachings
allows for mxing of _g quench fluid tgbe significantly inproved when
quench is introduced into a region above the collection tray and where (i)
| ateral velocities of the process fluids are low, (ii) sufficient volune

is availa : | Wi d ] ith the. process fluids, and
(iii) queﬂ'ﬁ’“?ﬁ@é ?%ﬁ%@%@é@@ lgip‘??'xf&m#ﬁwusn%sapﬁaﬁg? Q% i n the
hor i zont alreploanove ithe Bolddidnl trH28Md LibY; RI EF
DESCRI PTI O\FCF TI(—)IE DRAW NGS [ 0023] Fladggwlﬁjlsaycghgg légnla ?g?ﬁgf e-elevati onal
vi ew of a flude ter lowgl(iiysufficidmwolume & HaslabRCfor #is qhéHAMuililtemiz wigha pl an
view of the m xing systemof the present invention illustrating the

st ruct ur e thaarecseafluils. and fifig qyersicinj¢atjcacasnrsascay ©i inducma rétationaachi ngs
herein; [Q025 I 3 is .an elevation view of the nixing systemof the
present &ﬂ‘%%ﬁ? Elf“ﬁ“?%c{?é‘flﬂﬁ?r?%ﬂl HeS1gRiiicant angulardveloesy companenthe quench

I njector according to the teachings herein; and [0026] FIG 4 is an

el evati on Qi f L% of resent invention according to
a second S Eﬁ)ﬁﬁéﬁﬂﬁ@%é*%mrl chanber is enpl oyed.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0027] Figure 1 shows, in sinplified
form a h  OC i - COlur | Lth the present

I nventi on?[dﬂl' e geﬁg?'apgsc%gﬁl%ﬁugf ?@%@g?vdttﬁgg(:ﬁégg&;f?ﬁag Oc,[cg:l’;?{l/lgﬂfli onal, as

are det ai Isho®udh cadsstdeetisppports for the grids and distributor plates
whi ch are not shown for purposes of clarity. The reactor

[0024] FIG. 2 is a plan view of the mixing system of the present invention
illustrating the structure and location of the quench injector according to the

teachings herein;

{0025]  FIG. 3 is an clevation view of the mixing system of the present
invention 1llustrating the structure and location of the quench injector according

to the teachings herein; and

{0026] FIG. 4 is an clevation view of the mixing system of the present
invention according to a second embodiment in which a secondary swirl

chamber is employed.

DETAILED DESCRIPTION OF THE INVENTION

[0027]  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
distnibutor plates which are not shown for purposes of clarity. The reactor
column 15 1s formed as a generally cylindrical chamber having an outer wall 16.
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




colum 15 is fornmed as a generally cylindrical chanber having an outer wall
16. A reactor inlet 17 and a reactor outlet 18 are provided for

i ntroduci ng and discharging fluids fromthe reactor columm 15. The reactor
colum 15 further - 10 conprises one or nore catal yst beds 20 positioned

al ong the longitudinal axis of the reggtor colum 15. Each of the catal yst
beds 20 contains catalyst material 21 which is preferably supported bel ow
by a catal yst support grid 22. The catal yst support grid 22, together with

th t - 18, ' ' t,.f t.h | . terial 21.
Al te e(r)ﬁate |r v(\g?hi,m%egeon%; ;¢§%fcagﬂ8§g¢%d§#? %W%B&%ﬁ%ﬁgﬁéﬁ“g&ﬁg IQgpport
f th | R | . . ti
So i i o anaraor ollinl £4.SLAHGE M abllyTiels 20XhERS cdfalyR faleriad H0C7 | 00

23, for fashichtinprefgrablesupported telowdy Dtathlydt @hmfme 1d g qiﬂeadaY:ﬂ?stzL i's
preferably provided above the catalyst material 21. %0281 The catal yst
support griuppontErghd?.ttagethies withghe ioutertwal) $6 23ovidep direet suppoinefdr dhe

per f orat ed rt. ions. [ openi ngs, sufficiently large to allow fluids to
pass t her e‘i%%ﬂg’ﬁ?tepﬁpgﬁﬂ%&eﬁ?“ taﬁéﬁﬁa:%“é S?PPQ%&“@%@&P?SPY%‘G%OH grids
22 are s Gl O n he catalyst 21.from passing

t hr ough. Lihgirr%ﬂ:s?bb%ﬁ{tsfgmptl{e %ga]g%tpir lel():f g@é@’"ﬁ% é{le Ph glc%gﬁeﬁsggf? F?’gﬂg

di st ri but i suppbitiyssolidh oritids abich P Wrd Q| m@%ﬁ]ﬁ? b ighed with

t he openi ng?p?nﬁ'ﬁse di?stri batioﬁ trays 251,5&3%011? e g}zgdﬁgﬁgﬁiéggced such
that fl ui dsayd&pder faulianng evhe diftdbutidef flupls dveashe2Gtalyst 2Ereral |y forced
to spread su&as%ﬁntial,ly over the distribution tray 23 before passing

t hrough diRelaraRlyipsavided above theopalystmmatesishedbs bet ween successi ve cat al yst

beds define interbed m xing zones. The interbed m xi ng zones function, in

part, to %ﬂghde horrgl?fneous m xture of reactants to the catal yst beds
20. Additi y, [DR&alakyst supRPThERdn 42 apd the distabytinn Baysodd e@mpRse posi ti on

ol a6 HEGHRE RPNkl BoffoRNE(VEE e SHERAETIHRtentS 18120 i Auldi°! ©"
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 distribu-
tion tray 23 are generally forced to spread substalil:ially over the distribution tray

23 before passing through distribution tray 23.

[0029]  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
accordance with the present invention may contain more or less than three

catalyst beds and more or less than two interbed mixing zones.




shown in Figure 1 contains three catalyst beds 20 and two interbed m xi ng
zones, it wll be appreciated by those skilled in the art that the reactor
in accordance with the present invention nay contain nore or |ess than
three catalyst beds and nore or less than two interbed m xing zones. -1l
[0030] A mixing systemis positioned wjjhin at |east one of the interbed
m Xi ng zones. The m xi ng system conprises a collection tray 26 which
extends generally perpendicular to a |ongitudinal axis of reactor columm
s substanti.ally across the entire dianeter of

15 Col | egig tr,ay.. 26 span

react or cm%?n] 15A§%m8§g S gtem Bingsianed;withiniat deast anegf theriatarbedy an upper
and a | owag; | Ag&nﬂrrﬁi, 1.0 r 6 |l ects flujds
passing thr o’{jg kﬁﬁ}a’es ‘cata ysl%1 hgg%ﬁé%&\%#@%& 3 g"%&@ﬁ??@ﬂg& EE&'&'&%@F‘*%M i on
Lray 26. |draddllyqrependiomlas dasenseial ;2R dieadbPUditfth 1 elibagy on tray
26 to provide fluid communication between the upper and lower Tegions of
the i nt ertB¥d2thspana gubstantialle across thyl entiré Hanpassalass c8Rinie ] Fish a¥apor

and/ or Iigt&hd g ases Bglgl ected above the collection tray 26 to flow
downwar di yOahIEe thifeinterbgd mixg gnegnta srupparandediowexiregionodeccokd: t he

nbodi . \ | ect i t 26 ' t 29
ormod a6 e el B0 cSfitao RuidsHasdhe TRDuEh e aassbhed 30 hich 30
wi thin thegg ngihgﬁéd' %M@l}%ﬁﬁ‘s’%iﬁt conduit 31 is forned above the

openi ng 30 r directing f rough opening 30 and a second conduit 32
I's formed beneath opening 30 for directing fluids that have passed through

of oki 11 imer e arrorpawre Pssdquals 29 are pRRIRh e BaibRRRT 2T O tne

of skill in the art that o sfgns may be utili

passagewapsovrdg flaadpomsaimemioncRdedes tthﬁ@p(j;ﬁsﬁ%ﬁﬂﬂ@wéﬁfdgm ofafik! ection tray
26. [0032]. M xing. chanber 35 is positioned below colléction tray 26 to
recei ve ANGTREd MiKing Zpne sAceerdingly phe passagayay? 99 permithapentndforent  shown

in Figure 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.

[0032]  Mixing chamber 35 is positioned below collection tray 26 to receive
fluids which pass through passageways 29. In the embodiment shown in Figure
I, 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 horizontaily from

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




1, the m xing chanber conprises a cylindrical wall 36 attached to, and
extending generally perpendicular away froma | ower surface of collection
tray 26. M xing chanber 35 further conprises floor 37, extending generally
~horizontally from cylindrical wall 36 upon which fluid can collect. Wir
40 is positioned generally peripheralliy.at the end of floor 37 as a
retaining wall extending perpendicularly -12 and upwardly fromfloor 37 of
m xi ng chanmber 35. Fluids nust therefore flow over weir 40 prior to

exiting m.xi I.0gl y ir,40 functions tp retain fluid
on the floacgir g? %@@nﬂéﬁ‘é%‘ﬁgﬁﬁgﬁh§%gm\ﬁ%ﬂfﬁé IFA\}@F r‘&‘fs(gr&i“?rﬁfﬁe % | oor 37
I s about tdersaie4@prioffo BLiGRe" ?é}eg h ' 0033] Fl ash
pan 44 is optional I?/ positioﬂgénfv)\(/it (l:ltrlldlﬁ e |%t‘he‘?§%-g“ﬁlg’i‘ﬁ%r§§ne bel ow

i xi ng chdunetiodio retais Aujhon 44 fAoop3 T o mikinkl chainber BY i diclevinsr Val |
extendi ng substantially vertically upward about the perinmeter of the floor.
Fl ash parflusd on Heproly isabaul (hesamsr ass ox highen thapsthe theighs ofinaiing0.pi pes t o
convey fluid through the floor of flash pan 44. Flash pan 44 may be

provided to receive fluids as they are di schar_&ed from m xi ng chanmber 35 so
as to ever{&n%ﬁ st Flashpan 4dns oplignaidy position¢d within theeinterbed stixingutonen t r ay

vai 116, e B e B 355 R DR A GomASISES ALISRE Nvifing ERBHaE BSllvi (i
one or mord L IERRRY vor 88 85 SabusSiE Miepdtiniah B I S A 2o
AL al vt Begs 20 amir o a Sl T Bor an Ty s AR pYET 1o oy R g
wi t hi n t hdhrowgbrihe floar of figsh pare44. Ftashgraarft mayibe movided opraseesi ng
reactor, drogen may Qe jnjected as both a _ quench fluid and as a
react ant . %dfgg%@e¥|a¥? H@Ch#@ﬁérﬁrqm R ingsghasabes ga59 asfojqvgalyudisaibuge ni xt ur e
G st but oo sy BhERRCD T SEB Sy PR ticsor i Ded herei n.

{0034]  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 to be injéc;ted into one or more of the

interbed mixing zones. Quench feed lines 46 may ﬁlso 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

distmbution of the quench fluid as further described herein.

[0035])  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 1s hereby incorporated by reference, baffle
42 facilitates the mixing of fluids within mixing chamber 35. In Figure 1, baffle




- [0035] Although not required in connection with the present invention, FIG
1 further shows a baffle 42 within m xing chanber 35. As described in
applicant's co-pending patent application entitled "I MPROVED MILTI PHASE

M XI NG DEVI CE W TH BAFFLES", which is hereby incorporated by reference,
baffle 42 facilitates the mixing of fhyids within mixing chanber 35. In
Figure 1, baffle -13 42 extends perpendicularly and downwardly fromthe
bottom of collection tray 26. [0036] According to the specific teachings

of the pr L pventio enc fluid mxing is significantly inproved by
a novel rree‘gzﬁés}&% dqufgh%fHﬁ?ng{ Xdﬁﬁ'gtquﬁdﬂlﬁﬁﬂ} thechastore ef gaklection tly shown i n
Figures 2 gnd 3, quench injection is configured so as to cause a

rotational current on collection tray 26. This, in turn, provides fluid
m xi ng which is highly conplenmentary to the rotational flows induced

wi thi n t hgooB&l noAehGaey t@&elaﬁbaﬂcqeéétgﬁ g'h&f';tgk B)g%'s}cﬁgismlcggﬁé,lqdeﬂg

particul ar, because various structures . l'es, s an h surfaces
| ocat ed orfhudinkisutg issignifiyarithy anproved i ndvel isins of Gueth @doddetiny | ow
reactors, and because these structures tend to change fluid flow froman
appr oxi nat*efjinrestan calpmnekt. oAy showa luiﬁigl;rﬁaﬂfalﬂtii,;n]u]?na:hndjemctﬁu_st hat o
desired w thin I xi ng chanber 35, it is benefjcia or _quench _injection to
be acconplcpgﬁgﬁreg‘&o QOFB“%%F%BO%P@"&?PF PE&HHT:%WQUW IE eﬂbé,ﬁ,tll}' U@’Bngo_nteng .
as taught A : nt in FLgur , _condui

S onegsu h slta ?ﬁg?ﬁyg}%ﬁg%WE@%&W‘?@?%"@H&%%W%@‘% ! rot ati onal
fluid floindscetwittinpBs Gf SinghHvRr ﬁsr&l&@%lle&i&%wﬁﬁp' lection tray 26
and into the mxing chanber 35. [0038] The teachings” herein are based upon
an understanding that the injection of quench fluid in a direction that
provi des §08¥hni fingEanticulag keasuseveirivus syrucorgsiehiasasflés)eanpeaad t s.  First,

prem xi ng of_ fl Lii ds of like phase on collection tray 26 is greatly inproved
due to cuftEntes legtted pneplectipmiray Aiare prasent in most, if not all downflow

reactors, and because these structures tend to change fluid flow from an
approximately radial trajectory to a circular motion similar to that desired within
mixing chamber 35, it is beneficial for quench injection to be accomplished so as
:to include a significant angular velocity component as taught herein. In the
exemplary embodiment shown in Figure 1, conduit 31 is one such structure on
collection tray 26 that tends to cause rotational fluid flow as fluid passes through

the opening 30 in collection tray 26 and into the mixing chamber 35.

[0038]  The teachings herein are based upon an understanding that the
injection of quench fluid in a direction that provides a significant angular
velocity component has two benefits. First, premixing of fluids of like phase on
collection tray 26 is greatly improved due to currents set up via rotational flow
of injected quench. Second, rotational momentum which prevails in the mixing
chamber 35 is increased by providing entering fluids with some angular velocity

before they encounter the baffles, surfaces or ramps leading into mixing chamber

35. Both benefits lead to better overall mixing performance in the quench zone.




of injected quench. Second, rotational momentum which prevails in the
m xi ng chanber 35 is increased by providing entering fluids with sone
angul ar velocity before they encounter the baffles, surfaces or ranps
| eading into mxing chamber 35_ Both benefits [ead to better overal

m xing perfornmance in the quench zone. 314 [00391 Referring now _
specifically to Figures 2 and 3, the structure of the quench injection

means of the present invention is described. Quench fluid is provided to
ench fluid inlet line 46 is

j h fluid inl | 6.
Sl SR o o s B
[ [ i hi I .
55 cont ai LA RO el B BRSFESerc OG5 Wit HEGHRRAMITF L ey
exit quengprovideflaotredctor NG vhq@ndh I inlEARE 26, @ﬁ@ﬁ%i&ﬁléﬂ?ﬂ%@@ct ray

26. In one enbodinent of the present invention, quench outlets onpri se
a plural i ti§ cepneciechMithpjysash imjedionging 35 sdithat qpemdh Quidldws Moasidée i ng 55,

each pipe having a = 90-degree bend fromyvertical to horizontal and a short
strai Shf |1é‘}?g‘i¢:8’(f§‘itbl mte guengymyecter ang 88t Queach [injacion ringsyd contaihs awi | | be

Vary o somsE o aubh butdls 93pRenoRicRiienel AR Myl auanal | s | nduced

in the horihpeiradtngdd B&d et AT fﬁeﬁl%}\;&dp(}lﬁcﬁ&?{ra?%?qhnem of the

i nvention, quench 1njector ring 55 1ncludes tTwenty”’pipes 0ngvenly spaced

around quemeodimieacoDiherprag:nd mvenfod0dudichCRillese95 E&ﬂpﬁ§€_aylu:§ﬂ oot her
nunber of pipes and sone other ty of spaci ng between pipes IS possible

e
whi | e r eneifmalkpipgs taading o the amaogmbmpi injectoraing 5% eachpépd havingat i on.
Addi ti onal vari ous .ot her .arl;ar]?emant are possible in connection with

hed i (O

the means T o7 P&r R YereaktoriFn A9 @Qi%Sl\ﬁ’ﬁeﬁ’éﬂﬁghﬂFWg{Fﬁﬂ @ ng 55. For
o i r et g DRSS B OE 1h AR PHPRRoL BBEERl oot it inhe st oy
al so be emipaymay 8 bant il drlesaihich i el OMB e g Fréi SPddRlesHABAR T O

as rotational flow is induced in the horizontal plane as taught herein. In one

embodiment of the invention, quench injector ring 55 includes twenty pipes

evenly spaced around quench injector ring 55.

[0040]  Of course, the use of some other number of pipes and some other type
of spacing between pipes is possible while remaining within the scope and spirit
of the present invention. Additionally, various other arrangements are possible
in connection with the means for permitting quench fluid to exit quench injector
ring 55. For example, open holes on the top of quench injector ring 55 with
hoods above to direct the flow from each hole in a direction promoting rotation,
may also be employed as an alternative embodiment. The exits for quench to
escape quench injector ring 55 may also be located at various points on quench
injector ring 55 such as, for example, on the bottom of the ring or the outside or
inside of the ring, so long as the last section of conduit proceeding from each
injection point directs the quench flows in a swirl. Notwithstanding the various

configurations that are possible for allowing fluid to exit quench injector ring 53,

it is preferable to ensure that flow rates at all exits are as similar as possible.




. escape quench injector ring 55 may al so be | ocated at various points on
quench injector ring 55 such as, for exanple, on the bottomof the ring or
the outside or inside of the ring, so long as the |l ast section of conduit
proceedi ng fromeach injection point directs the quench flows in a swrl.
Not wi t hst andi ng the various configurations that are possible for allow ng
fluid to exit quench injector ring 55, it is preferable to ensure that
flowrates at all exits are as simlar as possible. -15 [0041] It is
preferred, but not essential, that the individual quench flows be directed
hori zont al 'thhn,the reactor as opposed to in a direction which is not

paral | el t plL Prefergdebrtnatgssantial, thatthe sadividhgl qaerahoflo®s be 30

degr ees b sugh plane will allow significant rotational

nn?rent um %}%éé fﬁ@‘ﬁ%@“&%@%.‘”‘%ﬁ@ re@ﬁ@ééﬂpﬁa(@g [gdB aghiseciiontwhick peret t o such
| ane are pRs ' . L ani, f<i<c fractiQn he quench

1I‘O | ui d rmrredr‘ljt u%elitgqﬁéof)ﬁh}e%g%rﬁ t8 g"fg]éécéﬁll gﬁ%éﬁa%ﬁﬁ!ﬁ%ﬁ?mﬁ%%ﬁ%ﬁ%& d on and

above t he withlrespecom ma)plar%williﬁllw|s'igrﬁﬁcﬂ&t%ofa‘?iohhﬁﬁloﬂ{en Y eabl e

i mpi ngenent of the quench jets on the ~catalyst support gri col | ection
tray, and/&neetedr AnglesenatedingBOrdegyees Wich rdsp@xbUcH phideihré ldskd vel ocity

shoul d beé%s- h@)@&@as ractical to induce the nost substantial current
possi bl e dt55Va CRYC eHsndirant pctigmef terguenel fluédimugnentaingsaot | nits

desi gned t; ' Injector wear, jet inpingenent on internal

sur f gc es, 1&%? %g%“%ﬂ%g{aﬁ g']florﬁg?tf'lm@ntthﬁld%é?ﬁ&?ﬂ vp s epHsesion oy, 2]
Accordin at heldt | nt...i i wrl fl,ow

i nduced gyzqt?he queﬁﬁﬁi tﬁ??é‘%@?é%?%ﬁ@ l%%%&%%hpﬁ%cqu rance
flow to tcealystisnpperalgridi zoligtivhardys and/de ofticr iA@ i nembégs)3 THehe Swi rl

entrances .are the spillways | eadi ng into the principal mXing chanber. In
quench zonWegiedigsach flyrd welopity shieulddh asi lighas practicabutindoaaetheanogievi ces,

such as t cribed in. .applicant's caq-pending_ application "I MPROVED
Vo prastaiaf AR phfdRbeta Rt salieato @t exagedingati on Seri al

relevant limits designed to avoid quench injector wear, jet impingement on

internal surfaces, vibration or other detrimental mechanical phenomena.

[0042]  According to the teachings of the present invention, the swirl flow
induced by the quench injectors favorably complements the swirl entrance flow
to the principal mixing chamber. Referring to Figure 3, the swirl entrances are
the spillways leading into the principal mixing chamber. In quench zone designs
which include additional swirl entrances or devices, such as those described in
applicant’s co-pending application “IMPROVED MULTIPHASE MIXING
DEVICE WITH STAGED GAS INTRODUCTION” (Application Serial
Number 10/358,760, filed on February 5, 2003) and shown schematically in
Figure 4, the swirl flow induced by the quench injectors also favorably
complements the entrance flow to the secondary swirl chamber or device,
provided these additional swirl devices produce rotation in the same direction as
that in the principal mixing chamber. As such, the invention would give a

disproportionate improvement in mixing efficiency when applied 1n quench

zones having multiple swirl devices.




Nunber 10/358, 760, filed on February 5, 2003) and shown schematically in
Figure 4, the swirl flow induced by the quench injectors also favorably
conpl enents the entrance flow to the secondary swirl chanber or device,
provided these additional swirl devices produce rotation in the sane
direction as that in the principal mxgng chanber. As such, the invention
woul d give a disproportionate inprovenment in mxing efficiency when
applied in quench zones having nultiple swirl devices. -16 [00431 The

t hi e present.lnv i on may. be conbined with the  teachings of
aggfi l:ggts ' céfpeﬁl&eﬁﬁacéﬂlﬂsif?;fi‘ihl?ﬁ“&ﬁ Jveagon W@nﬁm%ﬂ@ﬁw CE W TH
II\/PRO\/ED(ae:lg(g‘llﬁ:];lg 5 € . ci f-l;cat. | S

i ncor porated by grggﬁgeﬁr&%l ﬁ%@%ﬂ%ﬁ%@&?&aﬁggfﬁntlﬁc@ Lﬁ@'&ﬁﬁ%é%?n t hat

app! i cat | MIXING DEVIOEWITENIVIPRO VED QUENCH INACTRONS the omplifd) that

(1) the acconpanying lateral velocities of process urds 1n e region

are |ow, (Spesifwationof evticlyisl incerposatas diyl refdrendedliertine thﬁﬁdhlgftblthé to mx

with the rocess. fluids, and (iii) the quench is introduced with a

Vel oci 1y VRRGRRESIN thhl dilisahpy. onspbsmare quemchinCionpomeassletald

t rs oGl B I dent.i fying,where. process I.ds. pass throug e
C(r)fllnz\é'? i O%H%ﬁgyﬁébymgﬁéc%pawgﬁqﬁgﬁb VFE’@“E%I‘%SPTP‘%?F &%@CFF%FPHS t rav;al

as they a : ' ' ' t -1 he best cation for
he. assoo o aqv; GHIBMRAER Riamiels aEMAIE ththe oot Buid BEmPER i et he

teachi ngs precess luids) andgiii)ake guemch RO WRRGIWIScity RRi@PENI Ngs in the
collection tray 26 are at or near the center of reactor .15. In such .
cases, pr@Euspallyopposedia thag ofthenpracesst flmiduginsvese selogitystBygupport  gri d

T e AT bl et B Bl onbs 26 opg v "
e ey g ko YA BB i Bl 1
baffl es acellpcsierriy 26, theesPRRAton for the associated injector(s) can be deter-

mined 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 upper

surface of collection tray 26, the flow paths will proceed toward the openings by

a more indirect route defined by the baffles.

[0044]  Depending upon where the process fluid flow paths fall, according to
the first and third criteria of the invention described in the aforementioned
co-pending application, 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 that invention to




surface of collection tray 26, the flow paths will proceed toward the
openings by a nore indirect route defined by the baffles. [00441 Dependi ng
upon where the process fluid flow paths fall, according to the first and
third criteria of the invention described in the aforenentioned co-pending
application, quench is injected where the process fluids are traveling at
a lowrelative velocity and such that the quench is injected in a direction
opposite that of the process fluid flow. In general, this dictates that

guench be _jniected nearer to the wall 16 of reactor 15 and in an outward
directi on.eﬂslﬂlt%\ééﬁ ,an TIEE PGS ORLWeEn A Wertios pRIRYSY and the reatonwallri teri a

of that i ny@méﬂ@r[(pnfa;(ym&@ﬁ#&%ﬁgﬁ%%ﬁ%em Xi ng space between the injection

poi nt(s) and the reactor wa in r to maxi mze mxing efficiency.
[ 00451 The teachings described above with respect to the present invention

result in @045 eQhieqBachy ' ' ctor-wide swirl flow
IS creat e[d. Tﬂi s fl ow‘%s s%@gbﬁ%%%ﬁ%ﬂ?ﬁkg&@%pﬁsq & OBy t he
princi pal resulkiman dgedtanssyssdn lih Which 8 cob¥fent readfRSwideWid fad i Nto the

m xi ng chanber 35, in order to create a premxing step. That is, if the
spi | | ways,cT8aipd) ThimBew ronstdeimompasitle withethetsovititindwreditsy gl priicipalg chanber

I nduce a cl ockw,se ro{ ational flow, then the present invention teaches

that the JIHNBHAPYicetismillvays oF swashk vanes hthag lnaddntasthel roixing shamber:3s, onal
flowint . |l ect.bgn tr 26. If the swirl in the
pri nci pal h?ﬁ@?ﬁg‘aéﬁgﬁ%gﬁ ?@@g%%{%’gﬁ@&lwlé e scph@ ays ST &aees, oar o or s
must i nduGtANCELD! tBE PrpeciHl r | gﬁﬁg il LQn points
in the form descri bed%'heriet?y?l i)sdh o‘{lhgiﬁg{eé};{&ﬁlva%tfat e tsggéﬁtl%gﬁ(%{;&t he af ore-
ment i oned then ferptesant pavantionapgities ahdtahe qasnclil@isiiors Hetdifdc@st fo iRGu&S 1S i n
a region of |low transverse velocity but still [eaves m xi ng space between
itself and cleflvisgseagpng fley inghe spase abave ang ontthe collentivattraypPhsHd to t he

H 222 \r’]ter ?ﬁb/ée % ﬂ:(i) grl thé:i rx[(Jj:)l 'rx?r?gec%a:}cl ST cloﬂnt%rcqz)glz\%s[a,e l?‘lelel ?é) gl'ngﬁ:rﬂt of the
injectors must induce a counterclockwise current. The placement of injection
points in the form described herein is consistent with the teachings of the afore-
mentioned co-pending patent application, as quench injection rng 55isin a
region of low transverse velocity but still leaves mixing space between itsclf and
the reactor outer wall 16, and injects somewhat opposed to the transverﬁé (radial
inward) process flow. In a preferred embodiment of the present invention, and
although it is otherwise preferable to inject quench in a direction fully (180
degrees) opposed to the transverse process fluid flow, it is preferred to inject at
an angle from approximately 120 to 135 degrees relative to the radial direction,

which is also the prevailing direction of transverse process fluid flow, in order to

obtain the disproportionate benefit of pre-swirling above collection tray 26.

[0046]  According to the teachings of the present invention as combined with
the teachings contained in the above-referenced co-pending application, the
process for determining the optimal location for injection points and providing
optimal quench flow patterns 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




although it is otherwise preferable to inject quench in a direction fully
(180 degrees) opposed to the transverse process fluid flow, it is
preferred to inject at an angle from approxi mtely 120 to 135 degrees
relative to the radial direction, which is also the prevailing direction
of transverse process fluid flow, in orgder to obtain the disproportionate
benefit of pre-swirling above collection tray 26. [0046] According to the
t eachi ngs of the present invention as conbined with the teachings

t ai ned | bove-r ef - di l'ication, th f
ot or m i A0 5 RSQY R o5 BT 16700 BOC PYFRE 0o BRADY o mcadepraohetinng
timal : | i ed interb (St
wher o Sehape i RRERE R W HefPed B 56 o8 soialbatfle ShRcH ect on

Lray 26 prexusiple, (he 895 paichttitbd @] Ablcoiirafkc FibAck A BHk8 piR18 5 O Lhe

openings in collection -18 tray 26, provi ese ot éxt end so
hi gh as t eeptrabopahéng thefeby éntreasing aican-residenca i@ ¥n ddIRAIBRIAY Jgrduced. 1 n
the case of a spiral baffle as in, for exanple, the 896 patent cited
above, fl yhuaresujtoexieadedcomneidwtwetn thyeftuidatftorm differenerdgians afrenctog,

t her eby i ngr.easin residepce time on collection tray 26. As a result,
ext endgdI g§ﬂ‘§ éﬁ"f’"‘géﬁﬁﬂwr? hslasuﬁﬁﬁ'ieﬂtséﬂalcﬁ&WW@%&“@@@%&%ﬂmcﬂﬁaﬁt or 15
is attain . ' el e be en the.underside of the

cat al yst %gﬁ%%g%l Iagirn?lc}h gﬁ(?#%{eh%tsg’%ta %ﬁgﬁﬁaeuéep%ef"ﬁ mgﬁlf’ﬁhé’,prﬁfé“t eachi ngs of
the pr eserventionaniy 08 eifploRal RHFS ghendtERidition HURRIA ol eCtion means

in the intervening space ich creates a sw flowi1n the sane direction
as the fl| anervenng sprcoywhich csgitesad swat flow, inathb 3 diretction &k hago®f f i ci ency

of the quench ne, [0047 he above discussion of the present invention
descri bes "E‘f}@eé Y, thg spirg| Bﬁe?ﬂhaamwéﬁ ARiXing e&fs:lwyaztp the qpersh zome.

injection at the optimal locations and in the optimal directions. However,
present 1 JOSHT on T ot Ay Pioncel e pesniyenien dgicaienthe anemel on ey be
appl i ed t plRBRIhES! HRARH RIS Bs Mm@?&nﬁf&ﬁ%ﬂ 4t Sptimal locations and

in the optimal directions. 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 symimetric or disposed in any particular manner, 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.

[0048]  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



is used to connect one or several entrance conduits to a plurality of
inlets thus |ocated. The teachings of the present invention do not require
that the connect- ing nmeans be symetric or disposed in any particul ar
~manner, except for the consideration, which will be obvious to one of

skill in the art, that substantially _ggual quench flows from each of the
inlets is preferred [0048] The foregoing disclosure of the preferred

enbodi ments of the present invention has been presented for purposes of
iIIustrati@ﬂAE description. It is not intended to be exhaustive or to
limt the i'nvéhtion to the precise forns disclosed. Many variations and
nodi fi cati ons of the enbodi nents described herein wll be apparent to one

of ordinary skiJl jn.the art in light of the aboye djsclosure. The scope
of the inventi ofn i”%“’r‘é‘"@esy&&ﬂ‘ E‘EQAI&H{‘J@'UB% vaper andliguid acpess aygactos; r

equi val ent i%AI M5: L A mxing systemfor distributing vapor and liquid
across a reactor,- conprising: (a) a reactor vessel defined by a reactor

wal l; (b) a collection tray for receiving vapor and liquid; (c) at |east

one m Xxi ng charrgy:r AL QY S&ld: ﬁ&Hem &;?g?atcg&yw%lind (d) at |east one quench

injector for introducing quenc 0 sal m xi ng systemat a

| ocation above said collection tray, said at |east one quench injector
conprising a pI(E} alaiqoileﬁ‘ﬂo%ﬂébi(fﬂflchgi"é\‘lg)mmldﬂmmﬂhduci ng a rotational
fl ow conponent associated with said quench fluid. 2. The m xi ng system of

claim | wherei fcpandleast ¢id mixihg chawbePbRIoRid cOREQMOMEAA Hfid h sai d quench
fluid is in a plane substantiaIFy perpendi cular to the [I|‘ongitudinal axis

_ A ¢ clai wher ei Cd at
Ffeazf[m gnreegﬁte(r)](r:(ﬁ)’e%f‘elast She lee%cﬂlxr)l(fegg)r TCInED Ocing qe}xlerlrl]cg fluid tnto said - <
mixing system at a location above said collection tray, said at least one quench
injector comprising a plurality of quench fluid outlets for inducing a rotational

flow component associated with said quench fluid.

2. The mixing system of claim 1 wherein said rotational flow component
associated with said quench fluid is in a plane substantially perpendicular to the

longitudinal axis of said reactor vessel.

3. The mixing system of claim 2 wherein said at least one quench

injector comprises a quench injector ring.

4. The mixing system of claim 3 wherein said quench injector ring is

circular.

5. The mixing system of claim 3 wherein said quench injector ring
comprises the same geometric shape as the cross-sectional geometric shape of

said reactor vessel in said plane.

6. The mixing system of claim 1 wherein the rotational direction of said
quench fluid is the same as the rotational direction induced by the principal

mixing devices leading into said mixing chamber.




.injector conprises a quench injector ring. 4. The mxing systemof claim3
wherein said quench injector ring is <circular. 5. The m xing system of
claim 3 wherein said quench injector ring conprises the same geonetric
-shape as the cross-sectional geonetric shape of said reactor vessel in
said plane. 6. The m xing systemof clagn| wherein the rotational
direction of said quench fluid is the sane as the rotational direction

i nduced by the principal mxing devices |leading into said m xing chanber.
-20 7. The m xing systemof claiml| wherein the quench fluid is injected in
a direction whi zh tﬁ opposite that of the transverse process fluid flow 8.
The ni xi ng syst ém &% BRAING sysigRepbrlaimd whetein e queschifiiidis gected inpr i ses

at | east ope.vertical baffle |ocate el ow said collection tray. 9. The

ni xi ng systg ?ﬁﬁé‘g{'&?ﬂg‘g}'?’? B QHROsHE ﬁ“’ééﬁ?(ﬁgﬁﬁé%‘ﬁrﬁ Riogesslnidiflowconpri se a

plurality of pipes exiting fromthe top of said quench injector ring. 10.

The m xi ng syst m,f:%e cl.aim 9 wher I d pipes.contain at | east one bend
e

and wherein said pi gn{ﬂ.gg,ﬁ)’ﬁtg Dgé}gg’?’ n‘f/h%qenysafsammeg syste dudhent ane. 11
Centy pi peoBHRS &t ledh B vertBEREITY MG HINE SatHelekfibn bl sar d b pes

twenty pipes conprising sai ¥3¥-said pipes
are evenly spaced around said quench injector ring. 12. The m xi ng system

of claim 1 wher@i Mgaiki Lid: out . COmDIi S ural ity of
apertures |located at varllﬂgﬁgﬁgg{éﬁ(’ggg‘ggs"léﬁécf%bnusceaﬁ@ﬁ“wff‘i'e@?@r(.’“ > The mixing
syst em of odmprsel? piireligi of [ipedeAaap o $héidd o0Ged §fendd i Lge@o e top of
sai d quench injector. 14. Tlﬁgem Xi n% syst em(@f cl ai rﬁn 1112 V\l/& relxIn i d quench
fluid outlets

10. The mixing system of claim 9 wherein said pipes contain at least one

bend and wherein said pipes terminate substantially parallel to said plane.

11. The mixing system of claim 3 wherein said quench injector ring
comprises twenty pipes comprising said quench fluid outlets and wherein said

pipes are evenly spaced around said quench injector ring.

12. The mixing system of claim 1 wherein said quench fluid outlets
comprise a plurality of apertures located at various points on said quench

injector.

13. The mixing system of claim 12 wherein said apertures are located

around the top of said quench injector.

14. The mixing system of claim 12 wherein said quench fluid outlets

further comprise hoods for directing the flow of injected quench fluid.

15. The mixing system of claim 1 wherein collective quench fluid is

injected in a swirling motion.

16. The mixing system of claim ! wherein quench fluid is injected

horizontally within said reactor vessel.



further conprise hoods for directing the flow of injected quench fluid. 15.
The m xi ng system of claim 1 wherein collective quench fluid is injected
inaswrling notion. 16. The m xing systemof claim1l wherein quench fluid
-is injected horizontally within said reactor vessel. -21 17. The m xi ng
systemof claim1l further conprising a.gecondary m xing chanber. 18. The
m xi ng system of claim 10 wherein saidpipes terminate in a direction
which forns an angle with said plane of |ess than 30 degrees.

17. The mixing system of claim 1 further comprising a secondary
mixing chamber.

18. The mixing system of claim 10 wherein said pipes terminate in a

direction which forms an angle with said plane of less than 30 degrees.



