WO 21)1)6/130428 PCT/US2006/020261 PARALLEL FLOW
FRACTIONATION TRAY BACKGROUND OF THE INVENTION [0001]
waeisenyesition relates to vapor-liquid contacting apparatus anBi(8ppesHe6/020261
features that improve the efficiency and capacity of this operation. The
invention therefore relates to, for example, apparatus used as
fractionation trays within fractional distillation columns. The invention may
also be used in BARASK/IE JtherYaERIAGTIENNAEIDY SPRraYions such as
acid gas scrubbing or absorption processes. [0002] Fractional distillation
columns having a number of vertically spaced distillation trays are widely

employed in the hyBriCRGROUNCE BN dReMvENaTdRetrochemical
industries. Accordingly, a large amount of research, development, and

ative: thinki voted to providing improved fractional
o R TR A58 e fpures
that iaprp vetstiifisieney atsbtampeits @ Sthic iperatvowhbo ingerdisighe@fiate relates to,
for &é%ﬁilefr 5%'&%"& 'd[gg) 91%]?’t\{&ﬁ(ﬁréqua[gsc&ﬂhal‘ﬁtwa%tggﬁ/a{i:giss@fl%tijo%edoiﬁl?lfls. The

wide variéty of applications for separating liquid or vapor mixtures. One o
invegpféomaney alsplhsatindsiotveriepof dieitkasoiattingnteiingvixiatites such as
acidZﬁa‘%as@ﬂﬁﬂiHé Spﬁﬂgﬁﬁltﬁ%'gp@éégge% via fractional distillation. These
ev e

ices are also used to contact a gas stream with a treating liquid which

(00638 eChYRM oFRMAYES A A CIURhAO MRS ATALIDP %iltﬁcfﬁﬁg]sﬁ—l% e istillation

stream. [0004] Within a column containing vapor-liquid contac vices,
Ay RtRc e sRlgeddrale dodinsrborpeansring ¢ vapisalisad pemshkynical
induEQuY m@&ﬂﬁ@@?a%%ﬂow UG NAGEBEARY G UM Sking has
in_a generally horizontal direction across the device and vapor flows up

beenrioinipemeraiting breuowklirsdionakdislistinvitar vaBuctnationiday
devEBBRRH BRIk TRGRIUAY|GS HEDE RIS @aflri‘aﬁbfﬁrifp&m?at@d\’@pﬂéﬂ'Qfﬂﬂture,

contacting and mass transfer. [0005] The apparatus can be used in the
dowgepmerilisignand AEIR Y SHEAWESI compound amenable to separation
or. purification by fractional djstillation. Fractionation trays are widely used

[0003];, e Vanonragioid 6PRisstng dRarstarpYsIdnchvads YanaRe g Aanbicsbigran for

sepaRiting MieRAE AndoluSREREN the: STRREHHAACINATAHS VS BFATRRS:-liquid
fractions such.as LPG (liquefied petroleum gas), naphtha or kerosene.
cont?‘ﬁtén&%%c&% 18 dﬂq\‘g&fﬁagr%%ﬁf@&pwml_ gompounds via fractional distillation.

These devices are also used to contact a gas stream with a treating liquid which selectively

removes a product compound or an impurity from the gas stream.

[0004] Within a column containing vapor-liquid contacting devices, liquid flows in a
generally downward direction and vapor rises vertically through the column. On each
vapor-liquid contacting device, liquid flows in a generally horizontal direction across the
device and vapor flows up through perforations on the device. The cross flow of vapor and
liquid streams on each device generates a froth for intimate vapor-liquid contacting and

mass transfer.

[0005] The apparatus can be used in the separation of essentially any chemical compound
amenable to separation or purification by fractional distillation. Fractionation trays are
widely used in the separation of specific hydrocarbons such as propane and propylene or
benzene and toluene or in the separation of various hydrocarbon fractions such as LPG

(liquefied petroleum gas), naphtha or kerosene. The chemical compounds separated with
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WO 21)1)6/130428 PCT/US2006/020261 the subject apparatus are not
limited to hydrocarbons but may include any compound having sufficient
WQaMh#30438d temperature stability to be separated by fractionBCdiEHRa¢@NR0261
Examples of these materials are acetic acid, water, acetone, acetylene,
styrene acrylonitrile, butadiene, cresol, xylene, chlorobenzenes, ethylene,
ethane, propane, propylene, xylenols, 5 vinyl acetate, phenol, iso and

the sidrierd IpRearias Bigyleh Entifrsribrdiasarherbytans reel udraoyeompeund having
sufﬁt}i&'i%efétﬂ ﬁé%&%@%ﬁ%‘@(ﬁaﬁﬂ‘?{@ﬁe'\é%ﬁﬁt@% AMERIHRERAR.

|nc luding tertiary butyl'alcohol and isopropy! alcohol. [0006] One important

thespenpieriokpte RGeits aeiskavares @éﬁﬁwmsﬁeemlpn@vﬁtrgrwcrylomtrﬂe
buté&ﬁ&?é:'af&f)fhﬁyi@%s dR1GHBUNRRSY, and RGO VEIEPIR LT B IPYIRE, xylenols,

without floodi Wi 0 A second |mportant issue in the field is Improving t

vinysesie, phened isgyandroraal biansrbutdence RepipsahePiney osores,
haldBén¥iel Ry ARSI by Mhels dRWiS IMTRICaiivasatIRd dhad s

mass transfer efficiency of vapor-liquid contacting trays could be
inclyineieser phurhaferhalandhisnreryhaseio contact with liquid flows

across each successive tray in.the same 15.direction (Case 2). The Case
i

10090 &Pan Largriantissueinieairldpiciaras idwd rantartingreolmpsdt igproving

the ﬂW&%YQH&G@&M@@QBW@&Q@&SM?M&}?&]S&V@M? ﬁﬁ}IQd igtechfigvesoMooding.
asi tray. Lewis'.C ensures that the orc OI‘ mass

A S P S TS 5y 16 eIt e e e enet P e lor aes

trantgﬁmbfaweeﬁu;r@oﬂghlitelttpydBecause of this, substantial increases in

efficiency can be obtained when using a tray operated according to 20
[000BwisiCasel 2k{(d0a8lsib tadyB8wa Kldnkelbaah9b,dt tesdbasdthat the mass

; grall flow tray with alt le tor)ce tcen ral dow H%fgmer andn ?%%
TS RCORTErS. Thet ‘ifvh"c QUL TAYS AN B JREG ! R bringing an
unnd&omwneiﬁtomhmmhmhttmcbﬂm eolumsralciuticaidive daywictineise
dire%ﬁo%n a}sr:g& etr%lllrgt edl2t6|¥ ?elo those Oa?f tpelftﬁaxvab i/ TQ%S%H %tlgél%f refers
Sne tHowneoter are o5 difec ya ove Rata another ’pairo
to ligaiinBovig oidveletilerd tinijpbaitlos mecssacdqtraiymmtwmhanm higoid fiwws on a single
tsa ts of vertic 0 comer
e A b O R R ol s moarly
the taetraggatthes dfowh@ntéﬂhmmdkndsﬁmrwnemnﬂ@‘eﬁme Breeaiise ofiohiHf
dtIIow onto the deck The i Iln surface oft baffle
subp M B AL SRR far REQREIREE SHERGE e iE B

Levma’sﬁame’lhqwd and froth present on the tray towards the inlet of the

t
Sggne o

[0008] US 5,223,183 to Monkelbaan, et al. teaches a parallel flow tray with at least one
central downcomer and no side downcomers. The downcomers of each tray are aligned
with the downcomers on the other trays of the column such that the downcomers on one
tray are immediately below those on the tray above. The outlets of one downcomer are
directly above the inlet of another. A pair of inclined liquid deflecting baffles over each
downcomer connects the outlets and inlets of vertically adjacent downcomers and provides
a crisscrossing liquid flow path. The downcomer baffles prevent liquid from the tray above
from entering each downcomer and define the direction of liquid flow onto the tray deck.
The inclined surface of the baffle also imparts a horizontal momentum to the descending
liquid which tends to push the liquid and froth present on the tray towards the inlet of the

outlet downcomer for this portion or zone of the tray. In certain designs of the trays there is
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outlet downcomer for this portion or zone of the tray. In certain designs of
the trays there is -2 WO 2006/130428 PCT/US2006/020261 provided a
W ehorBiedanti-penetration weir on the lower end of the dowrntehEp2006/020261
baffles, with the weir being perpendicular to the downcomer baffle.
Further, froth flow into an outlet downcomer is pinched by the downcomer
right above, which may reduce tray capacity. [0009] US 5,318,732 to
Proviisieketingaioraied iantisetnesr ationhesip andlbel owrrendtipleht dowinannee baffles, with
fraeli j ich.i apacity, by pr iﬂ#p .
e i oy O e R B b Bt At am oute
dopugnener trarinehedioxihectowniomeropeinbotay ethishwithy vedicaltinletapacity.
weirs attached to the outer end of the stilling decks. The inlet weirs may

(0008 1ioH%s-pHé-we ddeniselbagaithd alidarhemvasheiopatiid fiweinfottipéed
dondb@eRYEY e nSiR Bl %%%M%W%é\g%gﬁ%& ﬁ}ﬁ@&@‘r‘dﬁ&' '{}éggerforate

decks help reduce 10 pinching; however they a activea

stillingdegks khabestond aeestiedrrindsed ety eapadifionnthe davidienzer inlet

sangsdearRwIa WeliBavm RAURIR isaerdrd | t i
opTHﬂEg,II(\%V@ENTION [0011] Two HoiLy e of”%%bﬁ‘féﬁﬁ?ﬁ%ﬂ%ﬁg%ﬁg& ecks. The

il Wiy HRGHAR MRS SVEE YRR G 2l ditder te tha oy entiarslyintetereis formed
by Ghdiapiched ¥aRRsHRTICHE HARQRIRS WS QJTJE}IE eﬁfﬁi&%ﬂ@’ﬁﬁﬂﬁg &gclks hceilp reduce

. increase the efficiency of contacting trays with Lewis Case 2 vapor- liqui
pincSE Ry eshis¥ ATt hstreisraivktbe desknvention to provide

par: liguid contacting apparatus with improved capacity. [0012] The
[Oﬁgﬁng@ﬂeﬁ AP TRTaY RS RRAc oo Yidiaa e ewintkaspiomaellel flow

pattkew ncosadsdiayiemmapor-liquid contacting processes such as the
separation of chemical compounds via fractional distillation or the
removal of a component of a gas stream with a treating liquid. In one
embodiment, side dowiENIVEARXreORcOiBraNIENGIONarallel flow
multiple downcomer tray having a center baffle. In another embodiment,

i ner tray having a ce another embodime:
ik bolow e B e et e o

PeriRRH ATBRG IS Hb B SapReiftdn dTasvol davidroniepws trefficelpinehingjective of
theaubjiei MOERIRIOW iﬁ‘@réﬁ@%@5@&@“@&%%@@@%‘%%%@@@%e(fQSe 2 vapor-

._features of the first two embodiments are combined. 31 More
liquid eRulesipe AEIngemesh dbinpaetst ipbisséiYervs thetevindondoqrividel a vapor-

liquid contacting apparatus with improved capacity.

[0012] The invention comprises multiple configurations of a parallel flow multiple
downcomer tray for vapor-liquid contacting processes such as the separation of chemical
compounds via fractional distillation or the removal of a component of a gas stream with a
treating liquid. In one embodiment, side downcomers are incorporated into a parallel flow
multiple downcomer tray having a center baffle. In another embodiment, the downcomers
have an inclined side wall that directs liquid onto the deck below the downcomer. The
inclined side wall also provides additional volume above the inferior downcomer inlet to
reduce pinching at this inlet without the need for a stilling deck. In a further embodiment,

features of the first two embodiments are combined.

[0013] More particularly, the invention comprises, in one form thereof, a vapor-liquid

contacting tray that includes at least one centrally located downcomer. The vapor-liquid
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contacting tray that includes at least one centrally located downcomer.

The vapor-liquid -3 WO 2006/130428 PCT/US2006/020261 contacting
WrRpe(idE8includes a means to define vertical liquid flow patR€ To¢ 390020261

flowing through each central downcomer onto a subsequent tray that

comprises an inclined downcomer baffle. A plurality of vapor-liquid

contacting decks is included on the tray. Two side downcomers are

conipetingderpixtheaiachides vmeansdrsriter yetieatiguid ftomepaghs for liquid
ﬂovﬂﬂﬁ’ﬂﬁ%[{%@é &Rf &ﬂ%ﬁ%&ﬁ&%&ﬁ%ﬁﬁ&%@%ﬂ%ﬁ igtE g REEIR Inclined

wherein receiving portion directs liquid to the distributing portion and

dowpeogistrisiiing parer iy eirnantiandonagtngiseksindnstidshgn the tray.
TwiiRE AR ARCHIAR LA BTIN A R SaRIBthaIlierdfiaRdgay. Each side

between at least two of the downcomers and intersects at least ong of  the
dovnsiormetihgs deigsidisqeiving RdngAet e budidiEnb Hagmpstigpvherein the

recGPIRPYSATOA YAROK IR 6o Biachiaa bia o pakias AdaReIhsikaEafortion is
circumference and includes a plurality of central downcomers that are

subsismiialsoiral s eaisrgRudsaietnaIdirg hhiBpp smorsatn ePaBHE e A

cenhlbAREBNNI ARINES ¥adicat WS ENRE R/IWMBFO%HIFRFRIIAGH st one of
deck than the first elongate side wall. Each downcomer further includes a

the poRBRRIHAE Rt intersects the first 15 elongate side wall. The vapor-liquid
contacting tray further.includes a means to define vertical liquid flow .

100530 e eRieT AGURIESTE A GG 0 OGERHET L BB IS GO e oy

thatOH RISING Ay icicbiiad davmdoraasctaild éroliteeapibaligvaicemer dafilrcomers

tends f th del te sid II, int ts th tt
5 DAL B 8 S YEAA AT ABE DG o 958 SHGAR: il

extoydingahisediiyveftuan disisnid ssioiaatingdecks isacihotudtett drabthd st
A central baffle extends betwee least two of the plurality of .
oL a1 S AL 1B BRI AP CeL g it
elofigeiieas dormaldf thesinxentinguiduprisseiha wap durtiaithehliexci ngetraytohddfine
includes at.least ane ceptrally Jocated,downcomer, a means to defin
very g I B Ak S LB e GOh SRR QBRGS0 4 Sbsequent ray
configsihgoanshcliiedbdomarenue iy, edmpiisthg &nardndireditoemaatnéom the
baffle, and a plurality of vapar-liquid contacting decks. A bubble promoter
s O R B e R 0 S DR Bt ormbll R at plane
forfiedrbihthel fickheldiatersideneaihafll phoraite of thpardiatctioontetioy decks is
. tral baffle extends betwegn at least two of the downcomeys and. ..
ine R D At A LS e g e a6 S B Bl of
downcomers and intersects at least one of the contacting decks.

[0015] A further form of the invention comprises a vapor-liquid contacting tray that
includes at least one centrally located downcomer, a means to define vertical liquid flow
paths for liquid flowing through each central downcomer onto a subsequent tray comprising
an inclined downcomer baffle, and a plurality of vapor-liquid contacting decks. A bubble
promoter, which comprises a perforated plate, is situated on the tray to direct liquid from the
inclined downcomer baffle to one of the contacting decks. A central baffle extends between

at least two of the downcomers and intersects at least one of the contacting decks.

[0016] An even further form of the invention comprises a vapor-liquid contacting tray
that includes a plurality of vapor-liquid contacting decks and two side downcomers

proximate to the outer perimeter of the tray. Each side downcomer has a liquid receiving
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[0016] An even further form of the invention comprises a vapor-liquid
contacting tray 30 that includes a plurality of vapor-liquid contacting decks
WQRHeé418e downcomers proximate to the outer perimeter dTGRA/HHN)6/020261
Each side downcomer has a liquid receiving -4 WO 2006/130428
PCT/US2006/020261 portion and a liquid distributing portion wherein the
receiving portion directs liquid to the distributing portion. A cover is
Portien ged pliavihdikyilidtiigptiingriertiontbeat geaveg tsoripuidifms Aquid to the

. : i W : e ing the liquid distrjbuting portion. The
SRS SR SO AL eI R B e
ligyigtirengigeraiiorsideniowiwontahiomagn{oddgihe ﬁtllhiﬁﬂm:tmﬂljumngqfcflhmn. The

' i ises; -Heui ting.tray,that has a genetrally. .
SSRGS o
PeRISE SRTBE, @aFlurality of vapor-liquid contacting decks, and two side

downcomers proximate to the outer perimeter of said tray. Each side_
L0hincoriH Hirbsnitgumm o sbnimrniopaiemarised arpoidisidisotitating tray that
hapodiprranesaitulReiesaiviag RRtian;disaks i w%ﬁ%&%eﬂﬁgﬁ%ﬂ%@

portion. A central baffle extends between at least two of the ncomers

doyReP PR BbiElYRIsrte Bawkcaising deskskend Heooterdpmatianers
pro}emEse SR BeRd pFERAL 1Ri8ac, oFhe, Side JdANNCATRE fﬁts\/gm%]id receiving

increases the size of the liquid receiving portions. 15 [0018] The invention
POIIfﬂ?ﬁw%? BMBHdlstahng RAstRR Bl R the RsevinguIertisndiesilinuid to the
dishebiufia ArdisiopOrnore ARel B A8 IRAVILAIGh IS SUDRIYIYALY g&g{ers and

._image of the first portion. Each of the first and second portions inclu
tnt ﬁ%ﬁ%ﬁ&ﬁbﬂéﬁé e i camBpEteg Se ddiscremtinh ariitsromatissr e hendg
ProXiBieles vIHGEHESIRRCE RIS, WhAMAR LR RACIRL deekd Nl R ceiving

first elongate side wall, a bottom plate that intersects the 20 first elongate
PO (all, an inclined downcomer baffle that extends from the second .
an extension flange. The first and second portions

Uity S apI e iind
contactiplimenfanyinglinfickdewncn ey Hasfinandreeconti S gatR iR MAd mirror
A PIBSRR e ol etandsecond peene s e
walhciudepersisg s2bonrheles patwaRnvibie firsndit seaRtelRASHESER WA Sow the
pro%rggt%hc r?tg!:?{]ﬂg%%ég I’fhle:l)nEt%g 1r|sFt) -eq(%ga%:sigy vl%fali)l!:{ a Vg’gtgr%%late that intersects the
first elongate side wall, an inclined downcomer baffle that extends from the second elongate
side wall, and an extension flange. The first and second portions fit together such that each
of the extension flanges overlaps with the complimentary inclined downcomer baffle and
second elongate side wall. In a particular embodiment, each of the first and second portions
is made from a single sheet of material. The central downcomer may further include cross

braces between the first and second elongate side walls of each portion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]  The above-mentioned and other features and advantages of this invention, and the
manner of attaining them, will become apparent and be better understood by reference to the
following description of several embodiments of the invention in conjunction with the

accompanying drawings, wherein:



[0019] The above-mentioned and other features and advantages of this
invention, and the manner of attaining them, will become apparent and be
W attterightl&rstood by reference to the following description oP€&y2{106/020261

rrrrr embodiments of the invention in conjunction with the 30 accompanying

drawings, wherein: -5 WO 2006/130428 PCTIUS2006/020261 Fig.1lis a

schematic view of a vapor-liquid contacting column having a plurality of

vapdrifiquii ecobaotatly tviys el s eehingliquide pressingi auﬁmﬂ@ﬂlaﬁi% al phaality of

atic plan view of the first embodiment of the parallel flow multiple

e S A R B R e W ickiy 5 o

SCh a6 P e SRal AL 1 O bR B HIV LB IBYR AR AR B0 Py multiple

Figs. 4A and 4B are schiematics of a floating valve; Fig. 5 is & schematic

grrngemes fisioration gy 2ftthoiprysiayrstiack side weir and a bent

center baffle; Fig. 6 is a schematic plan view of the second embodiment of

3 the patalldsiotshamatic tisrsdediionshite wafaowdaon nhiraystaecordisgrio Fig. 2;

invention; Fig. 7 is a schematic cross-sectional view of a column of trays

accaithigto Big 4B asgehamaticsefe forinaenl¥siew of a strengthened
central dpwncomer,; Fig. SB is a top isometric view of the strengthened )
cent@gd wirfe %P%W%?d?%x’;e‘ﬁ ths Aray) af ig 2 heviag anavrrinbagleside weir
ehihethitdairhoditient of the parallel 15 flow multiple downcomer
fractionation tray of the present invention; and Figs. 15 and 16 are
schefimticisrosshanationdhvieles of thetbaroambodisapniaiaitie pamlieiiow

fl Itiple d fractionati ay of the present invention. [0020]
0 R R OA SR RTESEB BSRR g parte

th th [ vi . Th I et.out herein illustrate .
e S B SR B DR s o
limitipg t ' nner. DETAIL .
pEoh TR RANEHIRR B ONRCnel et downeomers

vapqrifiogd; CQRIRCHRth SRR GRG s@r&%{ﬁ%égg%ésﬂ%%%@&%{gom% (E)feFig' 8A;

contacting trays of the present invention. The he trays w

disclpipgdd thessalsegiseRt-eRRRAEE RN Arile BHANRR FRR A AN Pallel

10 includes a cylindrical inner chamber 11, a top section 12, a bottom
15 Low: mpliiple downcomer fractionation tray of the present invention; and

Figs. 15 and 16 are schematic cross-sectional views of further embodiments of the

parallel flow multiple downcomer fractionation tray of the present invention.

[0020] Corresponding reference characters indicate corresponding parts throughout the
several views. The examples set out herein illustrate several embodiments of the invention

20 but should not be construed as limiting the scope of the invention in any manner.

DETAILED DESCRIPTION

[0021]  Referring to Fig. 1, there is shown an example of a vapor-liquid contacting
column having a plurality of vapor-liquid contacting trays of the present invention. The
details of the trays will be disclosed in the subsequent embodiments of the invention. The
25 column 10 includes a cylindrical inner chamber 11, a top section 12, a bottom section 14,
and a plurality of vapor-liquid contacting trays 16 having a circular perimeter. The top

section 12 collects vapor from the chamber 11 and supplies liquid to the chamber 11. In
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and a plurality of vapor-liquid contacting trays 16 having a circular
perimeter. The top section 12 collects vapor from the chamber 11 and
W aMsiE94a8uid to the chamber 11. In -6 WO 2006/130428 PCT/US2006/020261

PCT/US2006/020261 certain applications, such as continuous

fractionation, the top section 12 is in fluid communication with a

condenser that condenses the vapor and adds a portion of the resultant
certhipagphditiotigidcbuppiyititheus facteration;the toptesaiisadion iufluid
conSURER A TO0 A0 CRMASL A AN SHPRUES BRAIAR DB SRR Bt

M UEEIRAT 10 the op section 1 , In certain ap?pﬁcatlons, such as

resubtantitiqoigstér dutitinatibsypply botherohestiion 14 Therbildiemasaiiouaiapbects

quulll\c’f-tﬁlo%nrﬁ*peociﬁ%n%a} ??%%@%ﬂ?ﬁ?gg - E'??ft éiE!HLSirJ&f’ ?Ppﬁiﬂﬁwmﬁﬁgﬂ%ecﬁon
o the vapor suppﬁy. he column 10 may also include one or more
12, inteertrulizpplicatitmth stchad senfiguio feafioratipryiles tottemsrriianof4rg in fluid

corrﬁ‘%l rgce éﬂo% g(}%ﬂlll SRS HEARARRYE Wﬂﬂeﬁ?ﬁﬁﬁlt{@%ﬂo@, REAW is added

chtray 16 comprises a coritacting deck 18, at 10 least one

to tatovapoosvepk0, Bhel catiwaist Brvecineliciadederrasme A EpoRshisie]faeds that
addgﬁrﬂﬁﬂigrof? %%ﬁj kfrﬁlffzﬂ&x@ftéhﬁé'}}{?dﬁfé’ BB G965 v ANEmdd Qﬁ%@ €6 @ove the

plurality of parallel flow multiple downcomer fractionation trays 10 havmg
feednidamsmantrayeht dctivwiediens: FoRhHamws wawHsticehiadinggeck 18, at
leaB SRYRNRARANED INNEILAE Snd Hc ARG AR RREREHBYEAOINClUdes

active areas in the form of a perforated deck 106. The 15 deck 106 is

[00935eCtRd, Bt R ehafiien A8 OR23l Eheosamsahiovrgomahd 82ncludes a
includes side walls 110, a bottom plate 112, stilling decks 114, and ir]llet

plugglitysof paratied faw AurgBiadrhBsmep s tPatinRdryS HaNRaYHEY Srikone

cent¥@llgo ot BLTObemai RRaNiRAR WhSoaerPNadeskitdbe detamoniatenimers
the exit of the liquid which accumulates within the central dpwncome
10213 o grsip 538 HOAHEBIAESACLOASGES TR KPR O RREAR oy 106 The

decRUifigiantiudhati e keiamafitbesentral downcomer 102 is dynamically

s_ealed by liquid to the upward passage of vapor. The openings may be
[ooeisgularpsennaicicleneaiad i eHflateiradiomiihat (5, abong thplatedth stilling

s e ST SO 0, T ool o e AT
sidwehiishemtiling.aeekefddeanspimneriesaievidud 25t isonaetivieis égidsexit of
oS D oL S o ot 103 10 ORISR el oo
plaps Quizisgoartare aheeafuidelovesuifitientsniial thevsotomert I ddreatad desnitomer
1051 (ijsdd\}//?lgr%riégllt}b Sealed by liquid to the upward passage of vapor. The openings may be
circular, square or elongated in either direction, that is, along the width or length of the
central downcomer 102. The sealing of the downcomer outlet to upward vapor flow could
be accomplished by other structures as well. The stilling decks 114 are imperforate, and
thus inactive, regions just prior to the inlets of each central downcomer 102. The
combination of the inlet weir 116 and the stilling deck 114 helps prevent pinching by
providing an area near the inlet of the central downcomer 102 that doesn’t add vapor to the

froth.

[0024] The central downcomers 102 may be supported by any conventional means such
as a support ring, not shown, which is welded to the inner surface of the column wall. The

deck 106 may be supported, for example, by an angle-iron support welded to the side walls
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froth. [0024] The central downcomers 102 may be supported by any
conventional means such 30 as a support ring, not shown, which is
WoQRItetBed2the inner surface of the column wall. The deck 1086¥4)93806/020261

supported, for example, by an angle-iron support welded to the side walls
-7 WO 2006/130428 PCT/US2006/020261 110 and the support ring
welded to the column wall. The central downcomers 102 and the deck

110106 tresbpfted, atgmeitsdiodtiverlisenatiplbdtbethensupdors sntrstipidand the
decf HE AT ANEBHOSARNA A AR RS INALYAN Y Dlira

operation e cen tlowncomers may a malin Supports for
dovthentrays 102; dndwey dechdditienakepipparogtiseadns ng ayperatigno bee central

dowpelvged 185 §4 )E%'?E@q}{e!?ﬁ[%%gggﬁofﬁép‘a{e stien@hansdesentabitional support

owncomers m e used. An’'inclined baffle 120 is situated

beatpetmaenatbtb brdnelotiadcintsubstanistiontaea by ankuribeiostemng benesentral
do‘%‘%}?@gpmgy]@gdggglediately below it. It may be seen that the inclined
affle

s 120 extend between the central downcomers 102 in such a

[0088RN&L HR1i1Ad BxE M2y ROkirana hau<endbLeusnt e £eBkiall downcomer 102

downcomer 102 from one decking surface 106 to another. Liguid

anddba temafiocraii sl esamsr dORHeBERtebpYe pYeleltanar BRPtaNHg! the
incHNQ BUFMEXt IS LAMHERHQYMAE URRF a1 A3 AR At IRV EN RdYher that

across the decking 106 to a different downcomer, whether it's a side _ .

liquigs i e s herigaaiallsie verdhs centeH SInERLRmEtal (b WARLE LT85S
surfRero Bracsad: o thpuhsesuank Fayn bhidentmEdaha@baait Wmis prevented

.inclined baffles 120 cover the inlet of each central downcaomer. 102. Th

fronm Exkiag BHebS 19 fawer sEpBaldosgpeRsh é@&@ﬁ\%@ﬁ&&ﬁ@&h&}%&@ﬁy across
the REENANS 11860 akftecanisides Rl ¢ ReRERH By WIEo MR HddAey ¢04R8ishown in

the liquid flows in the direction of the arrows. In this embodiment the

Figirb i pAmEs IR avarositc! 87 tRetrey CoRrepetbiamtRoscen tray. In this

emBHBELSR (Ao nrlingibbafitesot0uanie eiackicol abaidoabral2. The
the 20 column face in the opposite directign. ii%ig% therefore flows in i[.@% on

inchpsbandlet bt basPRASHEC SRR TR R 9Bt SRFCARRVSIRS:

difsanestirediond earaie e onall deckcriaastBO b prdoevaide dEeaetion of
tray 100. A perforated anti- enetratitc)‘rk% dist]gg)?tion wejr, 12

thegtatac 1 SEREFOEAEh PR A B RS6h thihp R0 ol sope
in @ hedineetithe siatdbutenweibaRdds Jckin et iomher td R0 slegiesdalf) of the
colﬁﬁrﬁ‘;%g %"‘E}?edo%%rc?s?’% dlzrgc‘:[t?og? rﬁaﬂfﬁ‘ I’Eherefore flows in the opposite direction on
the two sides of any one tray 100, but flows in the same direction (parallel flow) on all deck
areas 106 on one side of each tray 100. A perforated anti-penetration or distribution weir
122 may be situated at the bottom of each of the inclined baffles 120. In the present
embodiment, the distribution weir 122 is inclined for 0 to 90 degrees, preferably 45 degrees,

to horizontal.

[0026] The side downcomers 104 are provided to improve the fluid handling at the sides
of the tray 100. Each of the downcomers 104 includes a receiving portion 124 and a
distribution portion 126. The receiving portion 124 includes a side weir 128 and an
imperforate, sloped bottom plate 130, which is oriented to direct liquid towards the

distribution portion 126. The distribution portion 126 includes a bottom plate 112 as
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[00261 The side downcomers 104 are provided to improve the fluid
handling at the sides of the tray 100. Each of the downcorers 104
WefdEBR¥eceiving portion 124 and a distribution portion 12BCTHE2006/020261

receiving portion 124 includes a side weir 128 and an imperforate, sloped

bottom plate 130, which is oriented to direct liquid towards the 30

distribution portion 126. The distribution portion 126 includes a bottom
desquibed Ai@vasvitB InOcRG06/d304ERGTINDS 280 i0oab bafflest2ibendadisivibution

. with, the cent Wi An.ingli affle 120 and distribution

el S e R TS

weir ution portion 126. [0027] The deck
(0026 iSTREHOLRAsk IR Blo¥RAL Wilan thyg mgwtﬂ?&kgﬁ%ea&@kq%taﬁag

the fluid on the deck 106. The perforations may take many forms includin

contgobty Tisherth, dokulfohdibs pridomntionserolakaarbiemigribding cvenly
spackRSHOT.AR RUGHIEH RuaB ek \';'aﬁo\‘?cﬁ%cﬂﬁ asRWarR teauel SR siedkuch

106 through these slots imparts a horizontal thrust or momentum to the

that|thevrppiisting Menaddhreoghihmdegkd Ofdhrepahahrsa dsts supatts a horizontal
thruSPYYIROMET RS s BT 1 B ARTURVEE 25000 [RII BRSSASE & thenliaty

into the downcomer méans and a decrease in the froth height on the tray.
outlpidincpBieaniey e ashisteh B RN REHERS A thsHrih into the
dowRk®: it Aad W AANRCRMEE IARTRiohl 68 %S Al AMIRERBEIHAY by

may resemble those described in US 4,499,035, which is incorporated

proprarelnt pyaesereeidiquid Slowy witraalyagiesadeakiidn i 4pvpretrarismeans.
TheteRIBREIHAURAS RfRRA o efdaoking flaigsialiryinoie LAl which is

_perforations and flow directing slots. This patent is also incorporated
incqrppeerbhors iR ARE ecto (AR 44diGRTanasues! By SNairsy alraledmgyides

repralQisa 928 T %oflt‘ﬁ)frc'cﬁr@i@dﬂﬁ‘f@ gRERE MAtL IR e e AltesRiatliaw and flow
opening within the deck 106. Deck 106 has valve 130 in opening 132,

direriipessiofs- a kR EAtEE HSMVIBERIARTEISHBETSI0ATH i5pehiisetirig theslesign and
usagé%’}'tﬁgv@m%ﬂﬂ%g[bg{ pressing of the deck 106. Valve 130 is inserted
into venturi opening 132" of deck 106. 20 [0029] At the midpoint of each

[00ZSWVNERENaN & Gerdhdidaallieci&Batisendwpvidt ileiar o wepkdipanilinohe

the overall tray surface. This central baffle 1 be f df )
deck {ibePere R bEIgSRId 6F SPeige e R AP AR Yoo openine

witReeventgiliguidpedidsotbpraseniday heriwdsiclesredsing oetisaldeaflies 0Balve

from admjxing. The centra| baffle, 10§ terminat hort dist bel
130,is.insct 'b’ﬂ8rvﬁﬁ9‘¥b°;9%l¥e{ﬁg£gaﬁ??éﬁ]@ro\?vssas ort distance below

[0029] At the midpoint of each downcomer, a central baffle 108 rises upward from each
deck area 106 of the overall tray surface. This central baffle 108 may be formed from a
number of connecting plates or a single plate. The central baffle 108 prevents liquid and
froth present on the two sides of the central baffle 108 from admixing. The central baffle
108 terminates a short distance below the next higher tray to provide a gap which allows
pressure and vapor flow equalization. The central baffle 108 optionally includes
equalization ports in the middle of the deck, remote from the downcomers as described in a

subsequent embodiment with reference to Figs. 9A and 9B.

[0030] As one can see with reference to Figs. 2 and 3, the side weirs 128 are significantly
shorter than the inlet weirs 116 associated with the inlets to the central downcomers 102.
This may limit the capacity of the tray 100 because of more liquid accumulation on the deck

106 proximate to the inlet of a side downcomer 104 than proximate to the inlet of a central
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25 pressure and vapor flow equalization. The central baffle 108 optionally
includes equalization ports in the middle of the deck, remote from the
WQiaWndéehts as described in a subsequent embodiment witiPESFAFEHEE6/4g0261
Figs. 9A and 9B. [0030] As one can see with reference to Figs. 2 and 3,
the side weirs 128 are significantly shorter than the inlet weirs 116
associated with the inlets to the central downcomers 102. 30 This may
dovlimittke IKRnasigebtiedkasid0d e t2’ise ofvapbladkariielcorfilgat (3, on both, as

the.deck 106 proximate.tq the.i i ;
e S B U I Ry St e
recdrTY P S2006/EP 0 26 ribivtinponidon Brincresve thbisor thieé the rideoweis thereby

redﬁc’é@’ﬁaé) {h%%ﬁﬁ&%ﬂygi ailie 198 @Jﬁ%&@éﬁl’t_ﬁ‘é SRIMONUY IR Eiitkrs 1 690RAAE ithal
e ally di

a sl owncomer that Is unequ vided between a receiving portion

dovenvdracistAButkigpororaotindlssie wicsreenjthaskveis 8 ed therapgpt-back
centd! B%@lg ﬁ%gﬁ&re%g?tﬁé WainiRds DeWEER ik SR HMRFITE Shd Yherefore,

and the central 5 downcomers 102."Also importantly, the use of .
redweploﬁaekmfeiph@anaﬁmwab%ﬁ@«cwﬁ&mémmshﬂe%%%ls

incrggﬁéﬁ%etﬁﬁqé%?s ALIREAAAFNREAMEE LAY S MBI Gl ESWEESmers 102. As

owncomer choking tendency. Thus the capacity of the side downcomer
shospdisigcidbecalummuanit maym%v&mw%qwaﬂ@fiﬂ@ Sifsaayromers. In other

em&@&%ﬁ%h%%%%ﬁé%ﬂ%%?ﬁeﬁ%% i&iﬂﬂm@i&ﬁ%Sﬁﬁ%ﬂ‘%\ﬁ%ﬂ reedBREVSortion

as a side wall of the side downcomers. In other 10 embodiments two side

withvemie ofi e didmwatie ensfapningtpshapa BoralERIR FHBPHENSRERAREd-apart

rela%fom%i%yggjl%ponforming to shape of the column in an abutting or
spaced-apart relationship therewith. 100311 A second embodiment of the

[00MENtORe RRRVEMBLRIERNE AN inGIHER SBdRYiIP PR aving A indstieng tray
central downcomer 202. Each central downcomer 202 includes a 5.siqe
200 by ingcy leasi et ot dida s aenb % t%%fzﬁﬁ%%%@%ﬂﬁ“ﬁﬁ&&%@ﬁ“ udes a

sidehaidefingd Ry dherartian whadeowad solpaReweE seakdGfeialipiidtfined by
balancing box 234, and an inclined baffle 220 }\'{}vgg)gn anti-phene ?tion

theperkiop ol 11 BalaHahe v s sakeloopdd of ™

incﬂ%gjb(‘jﬁfﬁ‘l-éQﬁﬁﬁ%@@giﬁ&#@g@%&%@l@%ﬁéﬁbrﬁQ)'Iatmﬁmsincludes
embodiment, the inclined baffle 220 is incorpqrated jnto one side wall 21
opeoi5ed BHisHH e SIEhEH D UG MEIh AP BB RIS ST RBBsamer

202h§ﬂniﬁﬁ l%ﬁ%@?ﬁ@th%@ﬁ%ﬁ@&@e{fﬁ@&Ehﬁiﬁx&p@i@ﬂ&&fﬁfm@oﬁmﬁwm 210b to
foét;%gﬁwwggéﬁvggqﬁﬁgﬁﬁg d g@%&go*%axb%%g t éhm Qtdtc? the tentrat

downcomer 202. The extension of the shortened side wall 210b below the decking can
improve tray strength and aid in supporting the decking. However, extension of the
shortened side wall 210b below the decking is not required. Thus, if the first side wall
extends below the decking and the second side wall does not extend below the decking, the
requirement in this embodiment that the second elongate side wall extends a shorter
distance below the decking than the first elongate side wall is still satisfied. The additional
volume prevents pinching of liquid and froth flow over the inlet without the need for a
stilling deck 114 as shown in Figures 2 and 3. The liquid balancing box 234, which may be
located in the middle of the central downcomer 202, facilitates liquid communication
between the two portions of each central downcomer 202, which are sloped in different
directions. This feature promotes the balancing of the liquid flow in the case that one side
of the central downcomer 202 has a higher liquid input or output than the opposite side.

-10-
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shortened side wall 210b below the decking is not required. Thus, if the
first side wall extends below the decking and the second side wall does
W eik&Masoelow the decking, the 25 requirement in this embRSdintSAae820261
the second elongate side wall extends a shorter distance below the
decking than the first elongate side wall is still satisfied. The additional
volume prevents pinching of liquid and froth flow over the inlet without the
Therstsely portionstilifyatesivitpn taslstlonmtiomsid AfedescribadzinTthe meyigus

em %‘i%'ﬂéﬂﬂgf*%%@é ﬁa%&ﬂ‘@éﬁ?@Z@C@tﬁqﬂm% middieaf themetw@lescribed in

owncomer 202, facilitates liquid communication 30 between the two

the prsreions aneedimenhirial arsthresmbp SoENARe s Siseepniraliraigtextonds
beyGHEGHRAS: IS IRALUGRIOAMAESSNRR ARGIRE SHARE I AT A9W Thi 8 tension of

case that one side of the central downcomer 202 has a higher liquid input

the epndisihatiifoenmecs prpereusiferm 1epidroce tivey aleglecking located adjacent the

peripfetbi\dPaR0p4920261 The deck portions 206 are similar to deck portions
106 described'in the previous embodiment. Further, the central baffle 208

[0032 piMAardadhe cERtiak tatiehbSeiasatiRadipiiie p Ryieusiembeasive thay be

In another embodiment not shown, the central baffle extends beyond,gt th
€ ine

useqbosadritionah s gBah Lot S As The (rotiehaR VB AR TR aY IR V!

maj%ﬁﬁ%@%{b@f;ﬁﬁ&@ gﬁ%ﬁ{@bbﬁﬁlﬁiﬁ@ HAKES0D mf?reﬁmf@am dERile0ggstimedaned
. the decking lpcated adjacent the perimeter of the tray. 100321 As
witly SRR LS WRSCBHRSo SR car S ERMRh S8 e ?f&«ﬁf?ﬁéﬁ?ﬁ&%%ﬁ%ﬁd-

StrédptisRd Egh&hdrﬂm ' kﬂi&ﬁ&i@f@gi,oﬁsibﬂoﬁkﬁh\ﬁﬂ?]@gsTbﬁ cadtes doxynsomads with two
. may provide the majarijty of the support for the contacting tray 200 an .
piecss fang Ay OrARIMEPG i Sﬁfﬁ%ﬂﬁ?&ﬁ&%ﬁéﬁf&ﬁoﬂﬁméﬁ?ﬂ%}n fhe opposite
direﬂﬁ@ﬁ}llﬂgﬂaﬁ%ﬁ@eﬂi@d}dm\ma@mﬁtﬁtﬂﬁaﬂﬂ sinple sleeded meisanptheiedut and bent

. central downcomers 202, as shown in Figs. 8A and 813, be made
it eRyo) BRSABETT e 015 Rl T LSS 2 D0 SN AL BRS B2 S+ that
ovedldiRrwiantes shotienep sidkitwallie oben) fhashcpieebbaridzMefithengsityite piece

f a single sheet of material that is cut and bent. into shape. Thus there ..
and 00D BITETSE QBB AL HHECLCRHR A ARG oo ket Tacied

liqouedapsinbiRe Shdite Tadikides Walddiarfenddvesncliratb haltaiz? Geofions.
the oppasite piece and cooperates tp form a strong joint between the. two
T Rt A0 B0 e RGBT o S97 AT eend
inclidiel Ssaasies frefecfviie diioonnidslseationst placedasuydsgibstress areas. The
distribyte the stress on the joint between %ﬁﬁtw ncomer pieces and
RGO BFET DS S R E O e PRt B SRR
addstiesd aieagthl Hurther, cross braces 258 may be included to increase lateral stability of
the downcomer and, thus, increase the downcomer strength. In certain embodiments with a
substantially large contacting tray (such as those having a diameter of over 16-ft), structural
I-beams may be used for additional support for the deck 206 while limiting the adverse

affect on tray efficiency that additional downcomers may cause.

[0033] In order to improve the flow of the liquid around the sides of the tray 200 and
increase tray capacity, a third embodiment of the invention combining the first two
embodiments is presented. Multiple downcomer trays 300 are shown in Figs. 9A and 10.
The tray 300 includes at least one central downcomer 302, each of which is similar in
structure to the central downcomer 202, and side downcomers 304. The side downcomers

304 are similar in structure to the side downcomers 104 except that the side downcomers
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20 top edge of the strengthened central downcomer 202 is folded over

and welded for additional strength. Further, cross braces 258 may be
WefdE®42increase lateral stability of the downcomer and, tRG3/#52p86820261

the downcomer strength. In certain embodiments with a substantially

large contacting tray (such as those having a diameter of over 16-ft),

structural 1-beams may be used for additional support for the deck 206

304vpsleineaithegatae appseseidavetbin sdueapbititienc ) ors patfdady, the tray 300
incl HOWNCAMESS IBRHGHSL3 4P W3R I RAAH 1AL Dé §181 /W ARG 304, a

around the sides of the tray 200 and" increase tray capacity, a third

decle Al and aritvisihbaglyeeniehbed Reoitin s mdlai te thocenss bafiftedfPigdescribed in
the BFESSRBRAINEATIPIE, 0 Q4800 Rl AV AAALF BRAYE Q’sﬁh@h@&xﬁ@ﬂb&@ﬂﬁ 308, as

The tray 300 includes at least one central downcomer 302, each of whic

shoyangimrfiiegr ihl B0 dibgaentaldmencemenPddwatctpicrstbe sidslgiyacomers 304
inclHQMICARIBS B QBB SOV TASK ALG W R sSIUCtdRet@entral

the side downcomers 104 except that the side downcomers -11 WO

dowpsopyarstioang dr/cidodonnsormsy 36balmdpsidsrpbetten Rigised Srnd openings
318WathdqiRAusRRINGRIIGOM AR RAe AL Y. ARty PeRidnclades@LeBtMution

do"nicomer 302 with a liquid balancing box 334, side downcomers 304, a
portipnRAn6, and a swept-back center baffle 308" similar to the center baffle

108" described in the first embodiment. The tray 300 may alternatively,
[0034d1ud %%F&?éﬂ?@gﬁﬁﬁe%émg@eé{dgg%qg R BgSEER 2FRE sRein Fig. OB.

ThedRjivieamen 30ds 3sovalbashdlensicle 6PMB RIS 3P4 bitelsdeiaaidekngdhe deck
d WHC@mer baffle 3?b(f)wwith anti-pepetration weirs 322. The cent
306 Ve

il R I GV MR CARNMIEES
kepBietnandfane fiegiowiébnda e gravsncen esstedAds Hbefoiig|sl deogtcut for the

. receiying portion 324 and a distribution portion 326. 10 [0034] The center
hq“bga%ﬂéﬁ%38%8%%%\1‘;}&&&0@&}&?%%%%‘6rﬁg‘é‘% 8¥%ét%£%@ﬁr ﬁ@f,t@gée"k 306.
Furiheg egualpatiequpdRs3ee &llawinalantot efdeeoiqhichlenes3oetviedit igldle of
ides_qf the deck. 306, divided by the swept-back center baffle 308', The
the QRO RIS BT LTS 5o SR A B R ots
dovangdasitciseadifieyeo pbfdiqual sbarpeuitfondlon dichidsiddlofdiedmiels 308°.
outlet to an inlet without flowing,over the majority part of deck 306, 15 .
ParfLE, UG S5 ATLITG RIS A 1 QTR e eRReh Sl bt g opposic
siddrfhikerbidlte308 thepieckndfts towatediannlee ddhyrqantesionpieasihemay also

e G BRI oM g e oor e

[0035] Vapor may enter the receiving portion 324 with the liquid in the form of froth.
Therefore, it may be necessary to include an outlet path for the vapor in the distribution
portion 326 to prevent choking. As shown in Fig. 10, the outlet path above the distribution
portion 326 includes a side wall 351 to prevent liquid from entering and directs the vapor
between the side downcomer and the outer perimeter of the tray, that is, along the inner wall
of the column. The flow path may continue along the outer wall of the column to the top of
the column or the vapor may be vented below a deck portion 306 of a superior tray. A
momentum dampening device 352 may be installed in the distribution portion of the side

downcomers to reduce the flow momentum of liquid from the receiving portion.

[0036] A variation of the side downcomers 304 shown in Figs. 11A and 11B is that the
top of the distribution portion 326 is sealed with a flat plate 336 to prevent the liquid from

-12-



10

15

20

25

30

Particularly, one side of the baffle 308" is proximate a downcomer outlet,
while the opposite side of the baffle 308' is proximate a downcomer inlet.
WO Etig4hgation ports 350 may also 20 be used in conjunctidtChitiy29s/020261
straight center baffle 308. [0035] Vapor may enter the receiving portion
324 with the liquid in the form of froth. Therefore, it may be necessary to
include an outlet path for the vapor in the distribution portion 326 to
shoftreveng dhakitig: ApahiovdoimBiget0 Rinthertibe patiticaboffteth@s cooperates with
istributi ortion 326 includes a side wall 351 [qui 3
the SRR AR T Do e p R RS MM oo the
recéiving perifort2dof petfayattbdisriblgingy teiiridér meatibefithbidehimeerthe

. flow path ma inue alongthe t
s AR R S A e Bl ARl MR D Alon to
impsupetiquidaiistibutame dtlenndtinehy iy tdeipoa®en 2 veain besinsiue thiastead
istribution portion-gf.the side downcomers to reduce the flow momentum
Oftg? f%sq%i’ Préﬁl ﬁ\’%lrrg%giving portion. 30 [0036] A variation of the side

[003@’\/ NGMGLY 1%9&13@9%9}5&%@ Jc& apG L LR ISRt B doR@hiieh portion 326

tribqtlon_ portion 326 is sealed with a flat plate 336 to prevent the liquid
are fyloomvn. i@ BAgO1 20 Oke Soanaresingbdens eztzstedate ddttinegsitomethe an angle

bel W{EP %ﬁ%‘gﬂﬁf&{}%ﬁiﬁﬂ Hhgr Ahg.peniehaflien3ne aaqrsugias ikt itigion
at plate 336 to prevent liquid deposited on the flat Elate 336 from runnin

poriteo 336 akbewiirpproniontathe Arprprsiatderd tie panforaiippe allow the
vaéﬁ%?%%%ﬁi&%% | B PpiEPs U0 R, PAMOR AR GHAGK R e, Bk Rlase B3 REdNa4 from

on portion to 5 improve liquid distribution. Alternativel

thetsupbliopdirdierion pariopbd renaivebnaestosrteddlaiplnadss: Xéf&?. plate
3410%3%%5%@86;;&%%%% AHENFIAD ARG ALY ETRS RuiRdRE Hafhative, a perforated

distri ution portion 326 are shown in Fig. 12. The first means includes a
plapsehfis hesding areoainssisi O Slpia: N e EHOOVRIRS HdrRsliiOheRsHiprea may
be Athed AR %A BFMWEeRiHEdRHHRIBARS SR WiaR ) BARi®RISREhe outlets of

allows vapor to enter the area under the plate 344 and the perforations

thezgravalowapRIPES Hirs TRFCRIGPInBTpIaRE S BHRISAILGIRACHAR AR Weir 343
AIRERRRILY BOUDR PlBiRoI4%SHEMS IheRINSIIGN AWt EOBIIRE MRRAtral downcomer

Alternatively, a perforated flat plate 346, similar to plate 344, is used i

3020 Bkl avomgicaA FRcHess 1M g0 21878 AfthBe WREFRRGPOLon of the
coﬁ%ﬁﬂ{%@&k@@@&ﬂ%ﬁﬁx iHgbBIEpraRIBRL ! Blotauonuass AacionyabeRrations

IS used. The active area may 15 be further increased by inclu

b0k doteloch 300 !B AR TG ERTDR ek 306 Codcted by the

bubble promoter 342’ is equivalent to or larger than the total open area of the sloped
perforated plate on the top of the bubble promoter 342°. This alternative provides for easier

fabrication and installation.

[0038] Fig. 13 shows distribution portions 326 having inclined baffles 320 of different
inclinations and different distribution weirs 322. The inclined baffles 320 provide increased
volume over the distribution portion 326 to improve vapor venting and to reduce
downcomer choking, similarly to the inclined baffles associated with the central
downcomers 302. With reference to line A, one can also see that the receiving portion 324
and the distribution portion 326 of the side downcomer 304 may be designed with different

depths to increase downcomer capacity.
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the central downcomer 302. The bubble promoters may also include an
outlet weir 343. Alternatively, bubble promoter 342" is located below the
W 13PR% central downcomer 302. Bubble promoter 342" RSEEVip006/020261
include a gap 345, however, the portion of the contacting deck 306 under
the bubble promoter 342' has much more fractional perforations 20 than
the rest of the deck 306 so that the total open area of the deck 306
[0& R erdtiyl thehavubiseeprbvantang3tiRtribwip yaleitio 326l digesitiethé o ttom plate
3130134 ARERLATERQ Etélﬂesli?ﬁ?ﬁla%%%ngte% %:E,% 0%}<r1]eé[ﬁa the bg c{ebafﬂe 320

promoter 342'. This alternative provides for easier tlon
dirgesha bation t@@@ﬂ}lbtﬁl@@@h@@d@trﬁtﬁmdmaﬂh&m&z& lammﬂﬂlgapdhwd the

bafR1H96 RO L AHTEIRH B g gt%n ff'ﬁr rr?é %‘)\S/terr”?t)lég X Lﬂ% 2low vapor

The inclined baffles 320 provide In rease volu
to e dpi e Mdatgroneampoliknting and to reduce downcomer choking,
similar %to the inclined baffles associated with the central downcomers

(0048} \While threthoresiasrasibebmstbadsansy bewctndyantagesdieieguportbn be
advifaaei i AisIRUL; PRIHAS F 28Rl e RIdR RO D18 4 ggiocny % ply

designed with different 30 depths to increase downcomer ¢
red)g SRS B TIIB PO AIS61 [0039] Fig. 14 shows several

ying, distributign portions 326 that omit the bottom plate 312 and
1004} o 5018 QlcRIRGEIP a2 ARSI AR AEcsbe ey 1. The

Vapaiffle g ahiteathehelowoh emgistil tatlmwrs@ﬂe?p%@dwﬁtﬁﬂ&o%%ﬁ?e\f%z and a

affle 320 in order to allow liquid to escape the
Pl“&%ﬁféfﬁ?&?@%%t Q%‘faﬁ%“}ﬂ% Afiow Vhgsssterrsd ARsimsrsmers glude a stepped
sidel ol diad eriAdDiNileiiiorboNR dasctibadiATetRR AR MRLARY Sather than

ant be advantages in particular applications to
emeﬁ‘c%ﬁ@% qzi’&?%g;a? Aéﬁt?’ﬁ?@ﬁ’éyby S|mply reducing the area of

ribution partion 326. The issue inching may alternativel
[Ooqgéregse Szil%s(as 1|H1IEO i’% » SHRPHSSY ?FqYﬂH%B}%efH&ﬁawg
dovimclomes 40 aSidmmsteﬁpe dredntidlddioyregipel d0BARdidePBIMENS ncomer to

d includ
sl e
| din lined b fer 420
B TR ﬁi’%%??hfg%es L —

diff@fm@cbgmapn different trays in the same column, it is expected that trays of a similar
design will be used in a single column or a section of a column. It should also be noted that
although substantially circular contacting trays are shown and described, other shapes, such

as polygonal shapes, may also be imagined.

[0044] The physical size of any portion of a parallel flow multiple downcomer tray must
be chosen by a skilled designer considering all aspects of the intended operation of the tray.
The spacing between vertically adjacent trays will normally be between 20 and 91
centimeters (8-36 inches) and is preferably between 30-61 centimeters (12-24 inches). The
total open area of the deck area is generally in the range of 5 to 20 percent. For the deck
with sieve holes and slots, the normal hole diameter of the circular perforations may range
from 0.3 to 2.6 centimeters (1/8-1.0 inches). A hole size of 0.47 to 0.64 centimeters (3/16-
1/4 inch) is normally preferred. The open area provided by slots is from 0.25 to 5 percent of
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downcomers having differing designs on different trays in the same
column, it is expected that trays of a similar design will be used in a single
column or a section of a column. It should also be noted that 20 although
thesurbs tefitiiel Jeck cutareprastatinve gk mee ofitenleckinges @ib2 demtiingsters (0.075
mc @Ot% §H% pépl}/lgﬁns?]l shapes, may also be imagined. [0044] The
SiC

al size o any portion of a parallel flow multiple downcomer tray

[ I
[Omwtdgg%%gatlo%tﬁr@ : rgegﬁ% B?fh%o&ﬁ Mé&ﬁeﬁ% eq{czﬁﬁallx 6 to 25 cm

intén e spacing between vertlca y adjacent

widea(ZsSniid reshsally Hee tb@tﬁl@eqf 2demeromernsamansed: §¢8 3aeihohieental top edge
of ﬁf&%&%ﬂﬁmm@mﬁ%ﬁé@%@ﬁ{?{§1&11:?W§ﬂ {9 ﬁ%ﬁ?)&l%t@é@ﬂ 40 to 80%

open area of the deck area is generally in the range of 5 to 20 percent.

of thgisprsinadetwegn doadi %ﬁtém%léﬁhlﬁmh@ﬁﬁmmhﬁhﬁéﬁéﬁ Sirghside wall
exteh@s oRE T AeRH A BE196 HOTLAFP q’l@u 8 d#{BeXiBwncomer is

inches). A hole size of 0.47 to 0.64 centimeters ( 16 1/4 inch) is normally

eqyveteptda. the e vspalhheightrolre tadlesy @I@ﬁﬂ@ﬂ‘r&h@%éﬁ@%ﬁ@éﬁ@éﬁﬂw adjacent
tray¥'§3 HIORARAFARBEL MeRORNY BeRAET desaretph Méjﬁﬁg'té_ys The helght of

representative thickness of the decking is 0.19 centimeters (0.075 inches)

theygenteal Havid/ Mo dinédy 1%%?@@@@@@&%@13 metwNelinpe ARRge MLy 50 to 90%
of ARVRERBRAER SRR torRe &mt%@'al&énagvasmﬂafé may be

t of a downcomer as measured from the horizontal top edge 5 of the

dﬁfﬁ%ﬁtﬂéu&@%ﬁ% ethedarsainggensheird methsigbe sidpidavrnaoanct b iveeme
enthBdRRAK 23 NRPAGGD RS BAR: B 2CIRCERAL WA, (his ARclueRentral

height that the first side wall extends above the decking and below the
Oﬂéﬁﬂﬂﬁgs‘Thus the height of the downcomer is equivalent to the overall
between two adjacent trays is

the tall d I, Th
gl ‘?(@éllm%&%%%%%&&%%géﬁ%&Hééﬁfﬁ’&%‘f%%I?%%‘é%emh%dlmems

it wiglgetuekitihalagniiakd akidédepanbartithabaverdyamdsckingvithseupalbbining
be approxjm ter 2”%@2{139&013()@ of the spacing between two adjacent trays.

th elnedd RGNS RDARSS TRy R R, cadraltRis may be

sulsieiperad ifog ﬂlalﬁbﬁlfs IgRetbf Wit sidecsgarmnearogt iEdR&PR6f SO RORRAISIN
ized such that P inlet arga is similar to top inlet area of the central
ad gam 68%@’10(11 ications may be made to adapt a particular situation or material to the

teachings of the invention without departing from the scope of the invention.

[0047] Therefore, it is intended that the invention not be limited to the particular
embodiments disclosed as the best mode contemplated for carrying out this invention, but
that the invention will include all embodiments falling within the scope and spirit of the

appended claims.
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above and various changes may be made and equivalents may be
substituted for elements thereof without departing from the scope of the
invention. In addition, many modifications may be made to adapt a
rﬁéﬁﬂﬁ@Mﬁi situation or material to the 20 teachings of the invention without
departing from the scope of the invention. [0047] Therefore, it is intended

that theAiRrygstiafiaabbadimiteaytouopdeaiicihar embodiments disclosed
as the best mode contemplated for carrying qut this invention, but that the
inventidh will LYY &ARBEHTH r‘f@%ﬂﬂ%%{ﬁigﬂq scope and spirit of

the apppnded gilaimg. ofldoEAddINS (202 Acdap a5ittotl GORIAE tstehsalyy a first
(2@){% comprising; dﬁ’ lurality of vapor-liqujd contactin f clé (206%' b) a
AP SHES A B30 9PnasiR MM TER bt TUHPAURb LT &
elsrgatesicie diaint2 bdda) hograkiampesing sacond aiangatersicenyal it
Ob% ext n%]n a sharter vertical distance bel Wr&; roximate contacting
etk AR AP B S S GTHE " R PRPR Bl Aot haP Ve B FRing
ahapaesidlaial(24id) that intersects the first elongate side wall; and c) an
inclined downcamer b (gle %ﬁ% i)ep'ﬂwi vertical liquid flow path for 10
fquid Aibkiing HAIBU LI CLCH oA BHIE Bt o BNt ast Al IR o
thguiddiinesl g downtasmnerdoafile exiendsafsoscthens aapndheteingrdenslied
wall é210t2 intersects the bgttom }If (21%2, nd (g.at least
JEESTRRYS a F oL i bt e LTS (igSiR fiPorom
quimia@iny sraleokotaimldasutdherecirnipigio doaneeniyahbafriiec (@038 side wall.
tendipg between at least two of said plurality of downcomers (2 n
rorsedl g BT ST e G L Il R PRgES Y DA (208
vapardiguidteeniacieag trayodtdthpinraliiyrofidowornprsi (@) 2vmditlersecting at
owncomers. ,(304) proxjmat the outer perimeter of said tray, each
ge (—%P S\e/v?fcsglr%(g(rnﬁ%(iﬁ%dae(i%glz(&%?meiving portion (324) including a side
dbwncdineyapai i8¢ cared tin g epaidod idtiih (2tifngt h prardiopri3RG)w R ekedowheomers
receiving portion directs liquid to the distributi rtjon and the 20 .. .
e S e S S e gy
frocenangrpotitioatd24) including a side downcomer weir (128) and a liquid distributing
portion (326) wherein the receiving portion directs liquid to the distributing portion and the
distributing portion is substantially sealed against fluid entering directly from a proximate
contacting deck.
4. The vapor-liquid contacting tray of claim 3, wherein said central baftle is swept-
back (108”) and cooperates with an unequally divided side downcomer to increase the
length of the side downcomer weir (128”) and the entrance space above the receiving
portion.
5. The vapor-liquid contacting tray of any one of claims 1 to 4, further comprising an
inlet weir (216) immediately prior to each of said downcomers such that liquid must flow
over the inlet weir prior to entering said downcomers.

6. The vapor-liquid contacting tray of any one of claims 1 to 4, further comprising an

anti-penetration weir (222) located at a bottom end of each inclined downcomer baffle
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weir (128") and the entrance space above the receiving 25 portion. 5. The
vapor-liquid contacting tray of any one of claims 1 to 4, further comprising
an inlet weir (216) immediately prior to each of said downcomers such

thEOGHRe TR S A SIN-BRRSETAY TS Wenp R Tate o ahtsispig et @BU#HEomers.

&efRadana i aucheriaatnd Ak Yany one of claims 1 to 4, further
comprising an 30 anti-penetration weir (222) located at a bottom end of

ehch inEinEpeolighibrABRHHmEY 1 10oye Witdeng S40d dufilse prtriifme
Weibis pereratedandaiicnted svbsiantiadivnRewengdicuianigthe inclined

downcomer baffle. 7. The vapor-liquid contacting tray of any one of claims
Bto 4, APPSR B BB DB (@A) pidRitnafisie i Gaefal
afaeRch PhSIhHPNRGANMRIS aten PO (J30PIHIAY I RABRGHNG: I ayvwafcBMrs.

one of claims 2 to 4, wherein said central baffle further comprises an _
etualizAore P iaaEbyoHatt B ERY e ARl G Bt o avheran §4¢8 of said

viaPHelQigeomta Tint-{ay Mfeny e Lficlaisnsod tnddiwberimeachmt:

said inclined downcomer baffles (220) comprises a first portion that
HHEEORGRitritP O IROERR A AiEE HAMEBSHORbHATHPRRRIE dRiBG ATt
aigead direction opposite to the first 10 direction. 10. The vapor-liquid
contacting tray of claim 9, wherein each of said downcomers further

cBmpridds ReuigHE MR B SR OB HRab PRSIt h g RTFEON

brafweesd nipashi StIRRIE ®alach 5N S e chRaHINN.ek TRl tdshingsication between

downcomer baffles. -17 ) o
the first portion and the second portion of said inclined downcomer baffles.
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