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; ~e3e@<X$6ZT+/ L~\ PCT/EPfI1/1~73( M XI NG DEVI CE COWRI SING A SWRL '}
CHAMBER FOR M XI NG LI QUI D The t invention relates to a m xing device -
for m xiwg (2l4e2eds in a N “\W@\“\ﬁgﬂgdomflow reactor, to RCHEPKIHT3E bed
downf | ow reactor conpri evicerland to the use of such a reactor

i n hydrocarbon 5 processi ng*co®ttul ti pl e-bed downfl ow reactor is a reactor

in which gas and liquid flow co-currently downward through a nunber of
reaction beds arMagged oRerdel combtRes des . SPURD ¢EAGBER SFrek evtgedsi n the
chem cal and petroleum 10 refining industries for effecting various
processes such as catal ytic dewaxi ng, B@Ut eating and hydrocracking. In
these processes a liquid phase is typically mxed with a gas phase and the

- mxed fluids are passed over a particulate catalyst naintained in the

v

reaction beds. 15/ R¥RSEN| RveRiororrirtentty 2 Hrbuing adeebeesi HAL bed,
the distri bUtmﬁﬁxﬁ&a%&wQ £ GAR1 BES DS Spd edéﬁﬁfiév?“ré’ﬁét&' lgbegd to

become uneven W f erse consequences Wth regard to the extenf of
reacti on and rahkbipkepesdtdeentlew rivation. compoisengt suakha edevacani f orm

20 distributi of |i.qui nde g n er at ' fluids entering
t he next Iomé%g?é%%t¢%% %%%}g% %@dgn?é?%ggge%?c%§§%¢g%%$§ there are many
di ffebent typesocessimsglal |y pl aced between the reaction beds. These devi ces

provide for liquigd-liguid as- gas d gas_25 liguid mxi and for
horogenous di st ri DUl b Rtet %j%%ﬁ§¥ﬁ]%iﬂ%a%€%$ {%éad§ﬁc{§kwﬁnr%§%?Pon
bed. Such fl uyas naxd Nl gheld cEkowar @okownnen bl ¢ héownitar&nonofigiui & m xi ng
devi ces, for ex le fromEP, 716 881, WD 97/46303, d 99/ 28024, have
t he advantagénTﬁggkfﬁ%t¥ﬁ®c hﬁ%q%?gﬁl%f¥@%9? I%ﬂ?v%???%g¥£?eﬂ fL -t her eby
WO (12/8281 RGIAEPLEAdCdBd ar@ us&d Nimi ShagchbRi 6BCLnANGe ¥ B USED

requirenents for the devices. It has, however, been found that these known
smal Mlengt h & ht @ viees Haies thet of ShavhhtagBa hates f PEPECSSH#F xFHERI s not

opti mal when gascangipfidi Gelskl ®gdshyddeviabeihgrand aniiiyobro8kinglr
normal values, i.e. at high turn-down ratios. Inpportant” deviations fromthe
normal val uesl®ayh¢de RRAFEPFESDHcRUtIGRierPhvdaeficatyphcally peagdorvith

modi i cation of o 3s PERESSSahd NEndAnPhedNE £hi bBCa 10 p8EELAT ohOFTE part, or
use of an existing reactor for a _ , _ _
particulate catalyst maintained in the reaction beds.

15 As the fluids pass concurrently through a reaction bed,
the distribution of liquid and gas across the reaction
bed will tend to become uneven with adverse consequences
with regard to the extent of reaction and also
temperature distribution. In order to achieve a uniform

20 distribution of liquid and gas and of temperature in the
fluids entering the next lower reaction bed, a fluid
mixing device, of which there are many different types,
is usually placed between the reaction beds. Thesé
devices provide for liquid-liquid, gas—-gas, and gas-—

25 liguid mixing and for homogenous distribution of the
mixed fluids over the next lower reaction bed.

Such fluid mixing devices are known in the art. Known
fluid mixing devices, for example from EP 716 881,
WO 97/46303, and WO 99/28024, have the advantage that
30 they have a relatively low vertical length, thereby
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di fferent purpose. Thus, there is a devices that provide over a w de range
of 15 turn-down ratios. An to find an optimum by device and the fluid need
in the amo 08286 uid mixing for a good fluid mxing perfdGHERY/14B6 and
liquid | oads, i.e. at high object of the-mesent invention is etween the’

| ength of the m xing m xing performance at high turn-down ratios. It has
now been found . %G | 1.X1 rf Q4 MBNG R r i range of
gas and |i qui g‘ﬁ%}(}g& ss?Lq}tc'gpl calﬁ%%cférno%d;glcﬁg]vﬁsgé%o to arge/fifg% \g's}g%OO% of
the normal | ogdyiasan be achi eved by using a m xing device wherein the
liquid-liquid mxing,is perfusd i ' chapp Vi C inratio
of length and di arrlg:t élra.ss’ %Oﬁ%(r:ordi r%eal %‘%Adpresenfgl}ér%een |0V‘fr31%l rsg‘lqéa es to a
- m Xi ng devi ce lfeorgtin ming. fd Wedsi¢as chawd tilp alimdivovwddowhagactlorid
conprigsing: (i)..a sulbstantially horizontal collection tray;, (ii) a swrl
chanber for mn&lixnlélq ilqsuiné) taﬁpgnlgﬁﬁ;a be eor%/vabfoS t%neae/:coo’% IolelcCHl% J’[ér“"a%/s2 havi ng an
»upper end par dethiaitd Sinportaitrlgetf fdmwitthecionmoningel ivorlwed h it he. upper
surface of the.cqllection tray . and an outlet opening at its |ower end,
wherei n the SUAR SERBEOMLE a4} Shgt FRIRI S SRV 1 HHGRD, 0T | RS 1 15

i nner di anet emoralid vaM@d ke y-82HG exanp IRCHdRA /df leBnddifdcation of
substantially horizontal distribution tray |ocated bel ow the sw rl chanber,
whi ch di stri bt iTRITdyi NPHNVIRI M (H & fHERRTT Y oI dhefihgdieh the
downcpger sf or dowwalr e din g rd | s disb Pam %@sﬁﬁi%r@éaéﬂé& de g4 X Ng,
especially at hltgh turn-down ratios, it is preferred that the swirl chanber
has al ength tﬁid{c ﬁesf‘?dtt I%OQP{SO times its inner diameter,nore preferably
at least 0.65 tinggJd s dfied i a{&dq |ih AHterato #dmg1dne Illlfﬁp:g{% of the
m xi ng device andlOtherewith the vol ume occupied in the reactor, the

| engt hwi | | ged&rsildes fdtatheneirife fdmre 194 ifksid teixing performance

i nnerdi aneter . renc [ to-t | ehoth; ofsd L rl; cha 5L 0 the
vertical dist ﬁﬁbaem%%{%ed% oﬁferé.%soi nt o%l@%lf shfon et’ o:ff'lif]'nrgelfsﬁg dits
out | et5openi ngudm-ddwen cassiofs a Aol glyiget e the gressrnt Infenthere herein

to itsinner diiameter,is t ; r - ' | St t ween
opposite side t\/C\)/al 1§1c% harnouogr#]tqﬁ%anL éa‘@e%ﬁ%?&aﬁgs %%i%@%r%lé?%%% m Xi ng
devi ce accor dideyitae tdred iriveeni 1wind medsciong rpesef onoman ¢draant dmiegls i win cdienber .
Preferably it hasone swirl chanber |ocated along the central

| ongi t udi nal aXi®s 01> the mi xi ng devi ce. The substantial horizontal collection
tray of the25m xi ng: dead aeowfbddre frasenthainwente:ore Negnbhenicurved
orcon{zgal, provi ded that the u$er.§nd art o thse asv%}richar@ei i(? in
direct’fluid & T D P 1 U P S urtact ot he TOWES - PO Rt of the
col l ection trayReifriencerdieras NLéw & SAdstiantdalhigh i oM@ % tehyths to
a30tray having its symetry axi sr?ger endi cul.ar to, the hori zont(?l Pl ane.
Preferably, tMETHY Q3G 5y TSR PreT rRnis Y e Bt foh ¢ ay is
further providedvdinh naans) {QiiPassaerd ahignsg 8 gher phited nid he $wi

of 35at | east one downconer extendi ng, through the coll ectign . WD U2/ ~828G -
4 chamber having a certdin ratio of length and diameter.
25 Accordingly, the present invention relates to a

mixing device for mixing fluids in a multiple bed

downflow reactor comprising:

(i) a substantially horizontal collection tray;
(ii) a swirl chamber for mixing liquid arranged below
30 the collection tray, having an upper end part that is in

direct fluid communication with the upper surface of the
collection tray and an outlet opening at its lower end,
wherein the swirl chamber has a length that is at least

0.35 times its inner diameter; and



PCT/EPO1 / 1 ~ 736 tray, the downconer(s) being provided with a gas inlet
openi ng | ocated above the collection tray and a gas outlet o ening | ocat ed
at the |'woal2/48186t he | ower surface of or bel ow the col | ect?GHERHAYT36The
downconer(s) is/are 5 preferably provided3wth a fluid deflector plate

| ocat ed above the gas inlet opening. The gas outlet opening may be axial or
radial. Preferably, 4hs.dovhsei®Riipasorisedtal Quiteinepeshngrhy
conbination wth a curved plate that directs the gas to the radial outlet
openi ng i n 10le¢deedt BehPHi Fheespiessahambesp. Wrhehnfkrhgibutica kapy
further.Conpriéepfséﬂaeﬁoaiéhsgrp@a&amgtg_eyeaggn&hggdokoae&ﬁéoﬁeege the
collecting tray, 1n order to achieve cooling of effluent between the

. reaction bedsfof downveairgl élpedofohhfined rREcEaB:. Means 15 for distributing

a quench fluid ar (WP . an . riobed. fo anple, in
2p 427 733, Us 3, 537 185 hAY GelstgBRthet MRBe R IFRE! ALV g Eus

di stribution doey betdwsthétousl prebpenedgtbhtt hbesawilrlcibhahberf basewenl y
20 distributi | i qui ent .JiLds.ente I ction
bed. Suitablef%?gﬁﬁigﬁgFo%gt?gyggégé Rh§§n£ﬁﬁéghé%grEﬁnggrgggéﬁ%%g'fron1EP
716 881, EP 7hb&rb&4grefiedabdby5288%e862. 0A6pr eimesedtdi shnelfutiiametteay i s t he
one di sclosed_in EP 71@ 8@1..%5 The nix%ﬂg geﬁbce of.thed%resent i,nvention
may further coRpPTe8TatQubdPant FAFI yREFz8ht ANCpPadiBer PHTEFan 2P ay
arranged bet weparthetBwchk ¢baaher cavdpiba dhsthebukhemnotr,ayheSuehgth
pre-distribution_trays ari known_ i n_the ar%h Thﬁ re-distribution tray may
be round, 30 $4bhr€eBprrdcYangll B LATYREpENERd ThastpPEFerdasl yPRET di anet er
that is smallgsakbaerthe dianeter of the distribution tray. Preferably, the
pre-distribution tray ' is provided with an overflow weir at its perineter.
The tray is provi BedeRepreahpraial Foytbe dpBALRgSE phef &MaBlly cB8™MPE&at ed
near its peripetef. fhe@¢yartagessehnbavbBdwden ¥R026wk8286intd of
PCT/EPI'11/1~73G pre-distribution tray are that it enables liquid to
bespridad noreitgehhyesver thédedissepfbltroRUEAS) &REDNIPHel g§ t&HSpComSst e

I quid-11 quid, néEpéggpgﬂa1a@%i&EU%hth@k9 egibhieRrat harathe prgsent
invention further te es to a nultiplebed downfl ow reactor conprising
vertical | y spavedrapganmessct iontbetibe prebesisblyopedsesitioagadl yeistance
particl es, and e j nt, . eacti X hC€ 3
ashereinbeforgeggkgﬁegp%gggg% %lﬁga%%g?ghggqugﬁeg?? %%g%?ﬁﬁe%x grcg%s
and/orliqui d, the tkasbeone outlet for reactor effluent and atl east two

cons tive reactj,pn be tyvpicall .0f cat al.yst .partigles ch bed
resti‘ng upon a su%§8r319§§9.¥%§9§8n§ ?gg %g g% éé?tégﬁgkggggopﬁ%?rays IS
known i n15t hecampriEer moret ahee, ccenswnlry appibed .sEppdetrablyysdomasi se one
or nore perneabl e plates,such _as sievepl ates par y rt.. ns,
wher eby t he c8P8|§§%6§dCP8?% LupSit g §§P§gp§ﬁ%eggﬁgggﬁa€§§@83%§%%%§ |
andl i qui d pr odug s oforhednikinke degdeki.ons occurring in the20catal yst bed
are passed through the perneabl | ates_t ot he bsequent _cat aly bed or
reactor outlet. SEEﬁréH@FSFg%éPE BﬁﬁﬂéaPE§&u§8§ﬂFﬁ%gﬁ£ %f&#bﬁ?b%%?%ing

of hydrcar bonmeiklhi igl Bed ifdér ifet has peekentché niveviedtino maye loat enrtved ke
use250f a multiple hed downf| ow reactor as herei nbeforedefined in

hydr ocar bon pF8§é§§'mgPrﬁW&ﬁgpaﬁﬁﬁ%i%ggtEPVFFCe@@&ﬁ??ﬁgfﬁiﬁﬁfbf?ﬁﬁFing,

hydr ocr acki ngchampyer adesw piWeicsatfilan dTkemfiunirg tdey 6d tindHdeigmact or
according to the30invention will now he illus rateﬁ by %?¥b%%ﬁ$xanple
byneans of scHEFEECE Pifgies 1PWEFE PO1gtnofaltNgaod Ytk Ferd@Y fi gures are
referred to whklthe SamR dafeence RumMRkant iB1Woeikdnt A Itargl tiwdigwla
section of part of a35reactor according to the invention show ng an
enmboddrent wWoag2 hgydgg igs symmetry axis perpendicular to the

horizontal plane. Preferably, the collection tray is

flat.

Preferably, the collection tray is further provided
with means for passage of gas, preferably in the form of

35 at least one downcomer extending through the collection



PCT/ EPO1/ 1~73G of the m xi ng device according to the invention and

t hecat al yst beds | ocated above and bel ow the m xi ng device. Figure 2 shows a
| ongi t udW@el2/4886t i on of t hedownconer for gas of the mi xi REEERNA738hown in
Figure 1,5the section being through Iine BI~I1 in the planeperpendicular to
the plane of the drawing of Figure 1.1n Figure 1 is shown part of the side
wal | 1 and tweagh, acent ea&a&:mérf0§¢8b8§ngngr8%a&dawwht bplgsbedneact or.

The catal yst beds 2a and 2b are su gorte onlOsi eve plate 3, supported by
support beansopaRinghdafgtedntkerg 8Bei eeldeatéondingyt encha gAvention is
posi ti onedbet %@I‘eﬁ%ﬁéﬂﬁgbﬁgéa%éda% 2Re Ie’éeﬂ‘ ESE”QhQ%'o%@r%S&Ef Qlce€S a
flat, horizontal collection trai nd asw rl chanber arrange el ow t he
. col I ection traf er Tadesshhel ce éﬁﬁéloﬂ hagvanTbpedowppemesnd)8isiatcei s in
directfluid c I {,0 it h per a I L.on tr 6, an
outIeF Openlngf%g@g%ﬁ?%st%kégeénﬁlgﬁdﬁngiﬂﬂﬁ §3F968E89 bﬁ%& aﬂgﬁﬁ%éd ng
action on theab@qeiupasgaﬂginhebugpenungTh@halgaﬁgode&eceoﬁenomgrm@@s
means20f or passa as e r o] mers f rgas 12 (only
one domnconergéh%ﬁ%§ie§{en ?ﬁéhfh?%ugﬁg%ﬁg§o| ectﬁ@ﬁg PgerGR % & stribution
tray 13 prOV|d&dlmitbuabéUrapenyngf1domnmb¢aasléﬁ withoaatadvbdl@Wate

sSwi r | chanber and . a pre-distribution_tra S sing _an2soverfl ow weir
76 and a pl ur GrEyaSrBEERnERG< oY FOI bba: FatRatnaBh ek PPRBRARbER 7 and

di st nigbut i on drayrlboThénhinksegpdeysaeef dkbper conprises a quench ring

18. Duri ng nor nal ogeratlon of, the m devi ce shown inFigure 1, effluent

Xi n
from catal yst bed'2% m%XEBSI@8V59§0838ngHrFPGFdCPWBHFﬁGeW@ nsi #4618, The

l'i quid eff'Ueﬂistﬁlﬁﬁthﬁgtédqﬁén§ﬁ|EiﬁidomobéﬁédGaBBdee@h@r%oinbE1®@aWber
7through its open upper end 8. the swirling chanmber 7,'a swirlin

novement is |Hﬁ%¥ed16nofﬂ§rlFau?8h5§V§mFPP#ﬁ§ﬁeﬁﬁseiﬁluSHﬁtQSF@eﬁ@a  or

i Mposi ng a sW-EhEPPoAchbae38enaf hhds @éeb%HOWBwh@lbﬂer%%%to&orN%é%%p|e a

t angenti al WO 02/.18286 PCT/ EPOL/ 1- E?SG inl et openin swirling vanes or
baf f [1ds attacﬁ@é dostKebhhaBe aupngBehofluRe argevaall kapwohdnskhel aehanber
or the like. §280LBBEL9BAI Ro3WekhinBIcaCthoBsl APGSGdson the 1 quid and
the l.ength of e swirling amber resul i n excellent I|qU|d liquid

m xi ng over aU&nae78&néé9oﬁnﬂ|Hﬁla 8ha., @é§ -throughput. It is an advantage
of the m xing devi [ i 0t i gv t e 0
liquid-liquid nlx?ﬁg gg% é eQQY%egmﬁg §h§2%£99 gggnrggﬁg g%?§wi%g§pendent
of the gas IoadtlQheOnEnédglb@utdelewuééVGQamhersﬁpmle@h@d@er 7 via outl et
openi i i r vanes (not
T L
of the I|qU|dlandrthaactmonehedngSUmtbbﬂendesamdbhmnbnemnawpramwngnown
liquid-liquid,15 XLn ffluent gas_fro atal.y a S

col | ection tré? EH%I 30m585n§F§mPor ggmg§% EEGtﬁgﬂ %gzgf I§§%ﬂ 5&5

pass coll ectiba 5;&996502a Amprbfeha&ﬁedlétrhbuWubh heagppsethat ethet hat it
will inter alia d pen %% ig ggi and liquid | oads and on the size,
shape and IocgiFS 8? tﬁ8 | £8) "the swirl chanber and the gas inl et
openizigs) of the mnanﬁlkmhgpaesage of gas, pwhaknpatihvehttiba ekfd uent gas

will pass thr t he neans for a what part through the swirl
Charber 25 AFREFRAE, GOTOTLPRact RPAG CAEgHed TnBEsRa0RE S0 BEAS | avent | on
does not CO”Dangeribﬁa&ahetmagnar&ahg@dSb@gwebﬁrt@@55wl&mewahb§£ﬁame.

ef fluent gas w | Eass he .col | ection tha %ét gw rl chanmber. In the

m xi ng devi cetBBcOtAERGOPEIPRe L AYentGR, PEESSA SEEd PHitioRy treYs Bd& ed upon

quenchi ng andkHBRA RAStAEE a2t .g@het Breudi sthe pdewseorRay ey #’s rblirand/ or
swrl chanber 7. ' The liquid leaving swirl chanber 7 accumul ates on

pre- @Gt ri but FEHAFRaPT15eChRBAELRAE BAs 588PGoRRRan@Py PESLSTa®lst & buti on

-tray 13 beneayh hBtaugRnaREALNGHALT e £hanPnl2/182RESLCHERRY 1~73G _ g _
sometimes, by breaching the overfliow weir 16. Gas Is deflected by the

pr e- dlstrlbutﬁéﬁtﬁﬁbytignaﬁéaﬂl0R§e€§rﬁﬁéYdl§Pﬁl@Eﬁr@ﬁsﬁﬂé@uPaoﬂmtRQ%a

~distribution tray 134 AUl ahedv83%120d weild G4 d tRNERES k@ Lr aught
together. The distribution
tray is provided with a plurality of openings, preferably

35 located near its perimeter. The advantages of having a



tray 13 serves two purposes. Firstly, it evenly distributes Iiquid and gas
before the fluids enter a | ower reaction bed 2b and, secondly, it allows
cont act Wet0ad886l i quid and gas to provide |iquid-gas int é?%g?%ﬂmio I n
Figure 2, one of the downconers for gas-1% of Figure 1 is shown in greater
detail. The downcomer 12 has a gas inlet opening 19 | ocated above

col [ ection trayebdiatiadudlhohas At el ePeR NG 2Rapieeatiaduiel @y ol I ection
tray 6, a fluird deflector plate 21 | ocated above gas 15 inlet opening 19,
and a curved pPaEa2POKE GVEBIY CHEIgddet ﬁatst;f&@é&sl%rt@@gmameﬂdomconer
to radial out}gl apeBi pgoddte lf@@ﬂ&zﬁg%%%dwf%tﬁ%ééfi%ds Mre RT{EPOL/ 1~73(

1. Amxing device for mxing fluids ina nultiple beddownfl ow reactor

- conpri si ng: (i }iguddbsanadidirafiiesr-i zontal collection tray;(ii) a swrl

onpr | si ng: (1 Havsdbsan cti on
chanbey for i xingpLi Bubd oA apged ehoWaigccoblatkian cf 8 mitadigig an

upper end part that i ndirect flu communi cation wth the uppe

+ of thecoll ectbed tieapfdpy aeagidreicoppariisigoatveints daduer serdeshersint t he

swirl chamber e t i t 0. i RS j anet er;
and10(i11) o SHASEaRn BRFY noteSsae b et S RV SEAtan 5 ow t he
swi rl chanber andhi betdiestr abidticemtt rapics ipmoviediesd wi iz g uleadiidey acf
openi ngs or danco r?for do ma&p flow of liquid and gas.2. A m xing
devi ce accord ﬁﬁe&B & gFﬁlfF S16i n t hel5l ength of the swirl chanber is at

| east1®. 5 tinmes i Bachnar réiaatetrehaspaef dreallity oate liedstt a5 gasmasidAs
i nnerdi aneter.3. A mxing deyice according to claim1 ar_2, wherejnthe
col l'ection tr&ydPddyupth F%&oﬁnﬁe@"\%ilteﬁ %€§n§ela§r%p§sfr§%§)’§n&f aé’éis,at
preferably inlthetf ewd ebndledu@dsie areE@WREO BRI SX ttepdidaq. 1iyh augh dhe
collection tray, thedownconer(s) being provided with a gas inlet

openi ngl ocat e§24BeVETt RETEHAES i SRFr BPhFE®SE 1G4 WA & SHEMAFS Itd@ited at

the level of the Lewskrswithiase f swidapikelsddia adld@retionkddwdy ih A
m xi ng devi ce according to any one of the precedingclains, which further

conprizes neatifef rtdi For BRSHG EquERNIILY @PRIHETSIPEE dAgaXstat ed

above thecol | eghi08 skl Ahe303 8 HelsheAPMicE § 134 UG, t aewne of the
pr ecedi ngcl ai ns, "whi ch tfurther conprises a substantially WO 02/ 828G

PCT/ EPOL/ 1~73Blates skppiozdscall yprsémosttr ids@rison whedipbat rtheg e tedtvgden t he
swirl chanber ,aRd e Sdigti R aild Perar Iitddil e Reddountd gy react or
conprising vertically spaced apart reaction beds, preferably beds of
catal yst S padtiqulies praddictisetiseaechdiraddet dgedd icpaniodavy e de dgie
defingd 10 ank.009 Qb 1i& RRCEUNG L ABugn b G dhddid YRl Lab
downfTow reactor “ad “defined inrcla mé6 in drocarbon processi ng.
. AY. AF. AFn. Al tAE. AvbAleguaint catAdlyst bed or reactor outlet. Such
reactors are typically used in the hydroprocessing of
hydrocarbon oils.
In a further aspect, the invention relates to the use
25 of a multiple bed downflow reactor as hereinbefore
defined in hydrocarbon processing, preferably in
catalytic dewaxing, hydrotreating, hydrocracking, or
hydrodesulphurisation.
The mixing device and the reactor according to the
30 invention will now be illustrated by way of example by
means of schematic Figures 1 and 2. Similar parts in
different figures are referred to with the same reference
numerals.

Figure 1 is a longitudinal section of part of a

35 reactor according to the invention showing an embodiment
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the liquid and the length of the swirling chamber result
5 in excellent liquid-liquid mixing over a wide range of
liquid and gas throughput. It is an advantage of the
mixing device according to the invention that the degree
of liquid-liquid mixing achieved in swirl chamber 7 is
practically independent of the gas load. The mixed liquid

10 leaves the swirl chamber 7 via outlet opening 10.
Preferably, the swirling chamber 7 is provided with vanes
(not shown) or the like near the outlet opening 10 to
stop the swirling movement of the liquid and thus
increasing turbulence and further improving liquid-liquid

15 mixing. |

Effluent gas from catalyst bed 2a passes collection
tray 6 via downcomers for gas 12. Part of the effluent
gas may pass collection tray 6 via swirl chamber 7. It
will be appreciated that it will inter alia depend on the

20 gas and liquid loads and on the size, shape and location
of the inlet(s) of the swirl chamber and the gas inlet
opening(s) of the means for passage of gas, what part of
the effluent gas will pass through the means for gas
passage and what part through the swirl chamber.

25 Alternatively, the mixing device according to the
invention does not comprise separate means for passage
for gas, in which case all effluent gas will pass the
collection tray via the swirl chamber.

In the mixing device according to the invention, gas-

30 gas mixing is effected upon quenching and upon passage of
gas through the downcomers for gas 12 and/or swirl
chamber 7.

The liquid leaving swirl chamber 7 accumulates on
pre-distribution tray 15, where it passes downwardly to

35 distribution tray 13 beneath through openings 17 or,
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deflected by the pre-distribution tray 15 and flows to
the distribution tray 13.
At the distribution tray 13, equilibrated gas and
5 liquid phases are brought together. The distribution
tray 13 serves two purposes. Firstly, it evenly
distributes liquid and gas before the fluids enter a
lower reaction bed 2b and, secondly, it allows contact
between ligquid and gas to provide liquid-gas interaction.
10 In Figure 2, one of the downcomers for gas 12 of
Figure 1 is shown in greater detail. The downcomer 12 has
a gas inlet opening 19 located above collection tray 6, a
radial gas outlet opening 20, located below collection
tray 6, a fluid deflector plate 21 located above gas
15 inlet opening 19, and a curved plate 22 to direct the gas

that passes through the downcomer to radial outlet

opening 20.
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CLAIMS

1. A mixing device for mixing fluids in a multiple bed
downflow reactor comprising:
(1) a substantially horizontal collection tray:;
(ii) a swirl chamber for mixing liquid arranged below
5 the collection tray, having an upper end part that is in

direct fluid communication with the upper surface of the
collection tray and an outlet opening at its lower end,
wherein the swirl chamber has a length that is at least
0.35 times its inner diameter; and

10 (iii) a substantially horizontal distribution tray
located below the swirl chamber, which distribution tray
is provided with a plurality of openings or downcomers
for downward flow of liquid and gas.
2. A mixing device according to claim 1, wherein the

15 length of the swirl chamber is at least 0.5 times its
inner diameter, preferably at least 0.65 times its inner
diameter.
3. A mixing device according to claim 1 or 2, wherein
the collection tray is further provided with means for

20 passage of gas, preferably in the form of at least one
downcomer extending through the collection tray, the
downcomer (s) being provided with a gas inlet opening
located above the collection tray and a gas outlet
opening located at the level of the lower surface of or

25 - below the collection tray.
4. A mixing device according to any one of the preceding
claims, which further comprises means for distributing a
quench fluid, the means being located above the
collection tray.

30 5. A mixing device according to any one of the preceding

claims, which further comprises a substantially
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defined in any one of The preceding claims.

7. Use of a multiple bed downflow reactor as defined in

claim 6 in hydrocarbon processing.



