- 1 - GAS-LIQUI D CONTACTI NG TRAY Field of the
I nvention The invention relates to a gas-liquid

wG@oeosAacddng tray, in particular to a such a trBRgI/EP2004/051620
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conprising a tray plate having top and bottom
surfaces, in which tray plate a downconer inlet
opening is arranged, and a downconer for guiding
liquid fromthe top surface of tRe-tray plate to a
downconer outl et opening below the tray pl ate.
Background of the Invention Such a tray is normally
hori zontal | y nmount ed GA$-2IQEEP| e TAST 1N TRAXd t he
terms upward, downward, top, and bottom are used in
the specification and in the clains with reference to

this o ofr &peafpdefeiht . The vertical colum can
for exaﬂplz%eb%n%ege}kaﬂnrépgte%o%t & gascy_{{]@m | Yontacting
contactlng gas an IqUI , such as a frac |onat|on

col unmtrasheridi wagtprutarity afsishnal frayrag@pakeing a tray
verticallee "‘H&ﬁ?cilﬁ%dtogagﬁd oﬂgotsﬂ&rh sr@¥%ee80r MRIbYich tray plate
conprises a bubbl’e area, ch is an area on the tray

pl at e & HAWIIEPMSToNdEH 9@$¢#49%%ﬁ ggennagd, eng.a downcomer
per f Orféf WS A S REGLAE Y@&Neﬁde tt%ogg@f%écafg% &%y plate
upwar d pass durlng normal operation. In this way %ﬁb

is al |b<we€d drseBisie OBRE SLPPIHED bgdiy pReskrty dfhlat

tray dyfing Aid®e eRer ahbomsidder eby achl evn ng
i nti mate gas- TIQUIG contact. Li Uld IS NO

recei ved ofdtheé fray ﬂ?oﬁ?¥mﬁiﬁﬂ(ﬁﬂn&ZQHFPé%Y0$OW¢R?d in a

downcoperi Qi @anRRE bhaYehd h&Anl2YipwSral I éaﬁﬁﬂarﬁﬂc"top, and
that liquid flows a certajn distance gver the tra

dur i ngPRkt@h Fidreisgas Bahn BuBbTE HiRAsdgR, 2Bef b?et%é:lams’

|'i qui dyish resmed dd e thest fdmandd Gy qwah@elaezh@meﬂhe

tray via a downconer . The liquid outlets oE
downcofeFkieah Gqfumn can for example be a co umn for counter-—

currently contacting gas and liquid, such as a
fractionation column, wherein a plurality of similar
trays are vertically stacked.

Each of such trays normally comprises a bubble area,
which is an area on the tray plate that is provided with
tray openings, e.g. perforations or special valves,
through which gas can upwardly pass during normal
operation. In this way gas is allowed to bubble through
the liquid present on the tray during normal operation,
thereby achieving intimate gas-liquid contact. Liquid is
normally received on the tray from the liquid outlet of
the downcomer of an upper tray. The tray is arranged such
that liquid flows a certain distance over the tray during
which time gas can bubble through, before the liquid is
removed from the tray and guided to a lower tray via a
downcomer.

The liquid outlets of the downcomers can in

particular be arranged above the level of liquid on the



particul ar be arranged above the level of liquid on
theliquid receiving tray. Such downconers are commonly

wo edsni@Eds t o as truncated downcomers. USA pat ePCT/EP2004/051620
specification No. US 4 550 000 discloses a known tray
whi ch conprises a nunber of parallel rectangul ar
sl oped downconers, A rectangul ar downconer has a
substantial ly rectangularly shap@d “inl et opening. A
rectangul ar sl oped downconer is a downcomer of which
t he | ohgBH GirgeRaNiBgarbay nduakedoworandss each @imyemly

| N dowyang E%Cagoﬁﬁuﬁé‘ﬁbé&%fwn%%e% the known

dwmamHS|sf0Hmd ttom plate wherein the
li quid outUSet p@ﬁ@ntngse@wﬁﬂqaﬁmmmg@@ 8 £had0 000 discloses a

| nterference of, Lhquhd-sh HEPiaéE%” Ihedk-age arallel

downconers i s prevented. 1t was o served t hat
> pr obl ere e Hs-agh&h opaé hd ekoverersrsT- sAaﬁrecbpewal@d dwncomer

hi gh | | gad i h.
|iQUIdﬁ%%f?é{S f%ntIQ@l%h sucdéﬁiéélgc%gésgﬁ %ﬁfgﬁ1openlng A
next |eaRFanuEhar shapedhdownepiias Mgy apdssndemertdly which the

througib@gyr rg%rdfe%ra@&lsog§e dj f & q]tdexi %lwawdgh@a VBGRIETn

This is probl em si nce nor mal uid t
recei vfé@wwreii SErmegthons a%’/hwsqwetrr @mél o ohbedkrscmnc@wncomers

10t 0 the; pext (oyRcoaBE L ALRT, fH%E“dH%r%@naﬁhéolIEQEH outlet
sufficient residénce tine for gas-1iquid contact

that tPRERLiNGSELE arrapgedi 1P il |1ﬁ§e\¥5ﬁ%§cgr@f Niquid

used, ébﬁewaapa&eﬁtléi&m&nf&%ewe r8fehiey | over
tray may push the valves directly bel ow t he downconers

downwar ds, 1% HEYePsergsingiithe thePl6PeAFRYES opehesuch

next | QuRicdde®s 5@ bpakagas Q@rm}h hubbke 1bseughride iquid
l'iquid receiving area. This problemis not_encountered

15 when needpertbridticows SFevélr@‘é%d S Lgteafgedsi wigh such a

l'i qui dvé?&@iﬁ'ﬁi)r&m %e@hanaswepsvrbzt he agoWRaaEeEBe Of i 4¥& may
upper tra wever this is undesirable since the

unper f B &% e%ﬂlref%_‘fd tlhéeégbu Wy Rt qretarpangegeatly melow the
cost ofiohabbhe ared.s Waeregsohlen SiteMabiMadesi 168 11yuid

naXIHIEEa%hfgkggggfied on a certain tray must travel some

20 distance to the next downcomer inlet opening so as to
have sufficient residence time for gas—-liquid contact on
that tray. Also if trays with floating valves are used,
the momentum of the liquid received on the lower tray may
push the valves directly below the downcomers downwards,

25 thereby closing the tray openings on the next lower tray,
so that gas cannot bubble through the liquid receiving
area. This problem is not encountered when no
perforations or valves are arranged in a liquid receiving
area underneath the downcomers of the upper tray. However

30 this is undesirable since the unperforated liquid
receiving area is arranged at the cost of bubble area,
whereas it is normally desired to maximise the bubble
area for optimum fractionation efficiency.

US 4 550 000 discloses a solution to this problem by

35 arranging a perforated structure made of expanded metal



area for optinmum fractionation efficiency. US 4 550
000 discloses a solution to this problem by arranging
wa2@sni@pat ed structure nade of expanded net al POT/ERB04/051620
| ower tray, underneath the liquid discharge openings
of the upper downconer . The perforated structure
serves to break up and at | east Sartly defl ect the
liquid stream However, such pérforated structures are
not normally applied in practice because of their
conpl exi ttheahdvweanufct viridegnessh. tigk ebirquid e sghabsbem
descrifed ;hete,pbef or & ddicIRARes Yk t hri NG5 8as]
veIocf?%géﬁgghgglfﬁﬁfgx%npactingmon t he &%a be . o
Part i ciranelsy thi gheak qup cenfelagcilepes meret bbseail@stwithr 1iquid
LT ays SO ShBfePLAN! SuH QRGT EELANOU Al (UNGATPLS:
as described iI'n ?ngernatlo al patent application .
5 publ i geimed Lo appbi 64/ BO4BZCHISA parente specilfdicatdosrlexity
No. US.H %\%&Qét%%w@&&.& gas-liquid contacting
tray conprising a perforated tray deck and a plurality
of rectangdicar liowhe opeeisleresiGyciiabprghar phikeisfre increases
p| anarwiSd}ﬂq L5 58 Rgt vl i ffldMedet 9Y8E 08 AASLQHHELN the
so that the downconers have “triangul ar 'cross-section.
The bdtnmmdw-ofathéc‘éb@ﬁdb@@§l ilsqséél el Qe ke are
10 | ncl ingd. wald s ak g 9£9¥écgﬁhﬂyﬂ§lnb'ﬂ@bQ19u§iéﬁed rectangular
openings in the formot perforations. In"this way a
hor i zofrvicomeirse pEy deefpapRhtitavidy erPafi ehel doviridimer
is i mparted 49 hheubh gukdi &xiNd naidt be /bbagsd outl et
openi ngs. The known tray is useful for spreading the
li qui d ovéiSPampteatkPRECWR € 1Ry Noe PScat &Y’ el owtigreoses a
tray. Also.;phen BatRackhgotisy aldmRaedngoat Batréhfed tray
liquid s di rectl% received by a |ower tray, the
15 hori zowral ansl Goiptlyradiponeht 4IPIARreEPTRGOTHES/ each
I qui dy 000y thedeckirngr anea Hfadua 1l @abehew. inclined
However, it was found that it is difficult to control,
or opt PR I H SEPEBUBP oRN®F 1Sy FoYPEPBRT Engave triangular

downcogBsss-section. The bottom part of the downcomers is

Ged structure
ow,

sealed and the inclined walls are provided with liquid

20 outlet openings in the form of perforations. In this way
a horizontal velocity component away from the downcomer
is imparted to the liquid exiting the liquid outlet
openings. The known tray is useful for spreading the
liquid over any packing which may be located below the

25 tray. Also, when no packing is arranged so that the
liquid is directly received by a lower tray, the
horizontal velocity component helps directing the liquid
onto the decking area of the tray below.

However, it was found that it is difficult to control

30 or optimize the distribution of liquid from the downcomer
outlet openings onto the tray below, in order to make
optimum use of the bubble area. Under given process
conditions in the column the flow path of liquid exiting
from the known downcomer is mainly determined by the

35 angle of the sidewall with the vertical.



outl et openings onto the tray below, in order to nake
opti mum use of the bubble area. Under given process

wa@oodiotddens in the colum the flow path of |i qge€TEP2004/051620
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exiting fromthe known downconer is mainly determ ned

by the angle of the sidewall with the vertical.UK

patent application publication No. GB 2 002 650

di scl oses a vertical colum cofpfi3ing two trays that

are vertically stacked in the colum. On each tray a

pl ur al i t yUf préenrtneplaicaddwncorbl scasiam Mmgéd® £hAP2 650
exten analskel ;t9 L 10t %

tr ay,qP% égfﬁgen e ratc%ﬁ%mgbﬁémg?ggrﬁghe ft§%§§ that are
nenber\@rdflqaﬂéyd@t«mb@@r@ &he gpéuindedom edctogandivngs
througgﬁ%%ﬁﬁdeBf Lo b &g o%ﬁEBhgﬁ%lfé @ ¥hat

In order to prevent weeping of liquid fromthe upper
downc argrendt pesadghet heo |y othgirdovent bl wirdidy of the tray,

{1 anSuSy el RENEaL Ao L IG NEIRCE 09EN N0 Rdd Benbera of

nmeans 1S arrange at gives hori zont a ocit
conpongrs ctoafmcn@eirsq@r%i rudtidest whshdopeROMES through which

perpeqﬁ{ %@1ﬁoe§9 l@%¥¥f%é¥_Feﬁbh98a9&1§r“%n orﬁ$r to

downcomer . one e odlnen the known trays t
downc arEvendn wisePhngr aff sliextishd rpar shketpper edmincomers

ot her, éf{ﬁﬁd%h%h@oﬂﬁ Pﬁffhfg %ﬁ% aEQm@Eegra¥r§H§%ersely

transv o) nuc di spl ace that the'liquid from
t he LuﬁﬁﬂeqﬁhaﬁhﬁsdﬁUPC@m%%rﬁﬂﬁﬁa@%% peé@pym$¢nq)qq“§rranged

downconplt Qfidie sundes by Waakcik) BBRESSENt to the liquid
enbodi nent the downconers on both trays extend

nut ual 434 Herp R EQNBFOBRF RATRSHSIicHAart he The u'quaigth

exi ting f&amde rUpREr gemmsier thl ewe BabsdlMdnt of the
bet ween t he downconer inl et openlngé on the | ower

tray. FRouns t@gdisr €8t 8OPReVIIES £TgRSTh §ERYS cortand inRgallel

tray Wd 10 MpeeNeREnd Wh & Madild Qe re0BEr @hé eﬁov@ér tray are
optinized distribution of the liquid fromt

domncd%%?n%ﬁﬁﬁsﬁhﬂeSPrch%e¢%ﬁ9159?dpaFPPEuF%? %{RHFQtﬁﬂpm the
the usg,dr kbl @ sahed alséherddByibelewyandtsd Nehe downcomer

OVeraléftgégléﬁéggibgggytray. In another embodiment the
downcomers on both trays extend in mutually perpendicular
directions, and the liquid exiting from the upper
downcomer flows parallel between the downcomer inlet
openings on the lower tray.

It is desired to provide a gas-liquid contacting tray
with a downcomer, which allows controlled or optimized
distribution of the liquid from the downcomer over the
tray below, in particular such that the use of bubble
area on the tray below and the overall tray efficiency

can be maximised.

Summary of the Invention

The invention provides a gas-liquid contacting tray
suitable for horizontal mounting in a normally vertical
column for counter-currently contacting gas and liquid,

which tray comprises:



can be maxi m sed. Summary of the Invention The
i nvention provides a gas-liquid contacting tray
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vertical colum for counter-currently contacting gas

and liquid, which tray conprises:a tray plate having

top and bottom surfaces, in which tray plate a

downcomer inlet opening is arranged; and a downconer

for guiding liquid fromthe top surface of the tray

pl at e—t o betoaw tihette dpvinwgi thp dowhdemtgorthasrdaces, in which
si dewal I e [ dl 0 Lple

openi B5Y1 Bans ch AanonE LA GE ot 133 EEhap; CAn
openi mg i 8 devaeges; fsregeidindeliqeid from ftde dpensnyglace
is prowd | ddyd LLdi .

expr eg)\sf: o_ﬁg' g%agc%lrfier ;Elodg\%gpﬁ gg?gﬁdl g Wg{}\%ﬁv\grogwomer has
from theidewatbnextentists deeniwagdlyrbfer ssheo dempcshapeinlet
of si Lihgof 13 GeMae QBRm RaK-Ng: 80y ot | £11 1Rek aWoLRget
tray ?%%1 g\?\/h:én the tray nicsﬂl%gri Zont alTy arlkr&glr%geg. ifﬁ .
parti culearingt he sierRvedd, odsrbanyvehei Ehduigovytiietyoppning is

parti ally,isagl {vﬂﬁq.é(\’iltifqd'i%sﬁﬁﬁhihg hog,pormal Iy

hori zontal tray orientation.” Liquird exiting during

nor mal op&heat eaprésoian heldvingangroaiderabbantegdingt he
downc [ t 0¥ LZO ; | Qg
oot RleL Ll 2o fithet, MIEAP, 26kt o
gui di rpysdasei At os kdwvult .ofTRe dgvpeere¢ pafinchén outlet

Li qui dyd$,edif ted, byeddie nawl dngui dhpo; dreansi-oMa11y
l'iquid guiding neans is suitably arranged such that an
opt i maz&@ndesw pat PaBFiTulfs d tHer BAgeHo hefalb e FGtddcal, or

i's obtgingd., FehreXaID} eindhieRA wRkHr 8bstyctoftd ithd dormally

outl et openings are arranged in the sidewall, some or

al | ofhaneprdee HEBY| P WAH I -qui d gui di ng neans

whi ch can heakr aRgedqs Ul thatdrhg 1! bgsigkisn from the

relatﬂﬁﬁ;%xfzﬁgﬁgt opening in the downcomer sidewall has at
least a horizontal velocity component, without taking the
influence of the liquid guiding means into account. The
direction of the liquid is modified by the ligquid guiding
means. The liquid guiding means is suitably arranged such
that an optimized flow path of liquid during normal
operation is obtained.

For example, when a plurality of liquid outlet
openings are arranged in the sidewall, some or all of
them are provided with liguid guiding means which can be
arranged such that the liquid is relatively evenly
distributed over a selected, relatively large area on the
tray below. In this way the average velocity of liquid
impacting on the receiving area can be minimized.
Therefore the liquid receiving area can be provided with
openings; in most cases normal perforations can be
provided like on the entire bubble area. Preferably the
liguid guiding means are arranged such that the liquid

exiting from a downcomer sidewall is distributed over an



di stributed over a selected, relatively |large area on
the tray below. In this way the average vel ocity of

WO p@diotb4bsrpact i ng on the receiving area can bePCT/EP2004/051620
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m nimzed. Therefore the liquid receiving area can be

provi ded with openings; in nost cases nornal

perforations can be provided Ilke on the entire bubble
area. Preferably the Iiquid gui di® ng means are arranged

such that the liquid exiting froma downconer sidewal |

i s di ¥ i1AR9Ed agvepsanake | kayfe ofs thesbibbke parsa off tthe tray

bubbl e,ar&a %%lﬁgesﬁiﬁy ﬁ@%ﬂﬂ(%%M%$f§c§éh£lt§§$¥irHlstance

sufficient travel distance Tr e near est

openi ngrSt teddrRpESAEr 1phet eodrdwer ofr aydoymcemer on the
parti culad eifhQdi ment, the tray according to the

invention is arranged_above a lower tray with a

downconer trha&t Péxtéftsayerreradimensar Aheetray tdcadnding to the

si dewa] A&t ithe 1 @OWQQQH?éd o pd e JURRGE ! ERYy aptk i S downcomer

Iaterally transl at ed h respect to the dotnconer: on

t he uppeat terwndﬁhéenﬁa@lbygmlmlﬁgln@aﬁé tBe atfidpstadd of the

such thafnddos %fd%bngpﬁgf f@af%@mﬁatﬁsoﬂatéré‘ﬁy tr nslated
recei ved cl oser to the downconer inlet opening © the

| over Y+EY RSt kanthe FRWITOTEGD Oﬂmthﬁréplé¢iéb’¢1§/a§at The

| east 1BQsANguRS hgPhehRs abl ya@juét%@sguégotﬁm W8N d during
t he dovvncorrer of the tray according to the invention

i s a reRfhg APeTadéRRc ofeRot i feqediVesl §40BRY af ¢ affifedlowncomer

above gnl oveipdaiay, Bhovhdetowdd hraly hbeast tMOn at least
downconers that extend generally parallel with the

si dewat 9% T BHFELGORREBNRE Jfﬁas’t%ewl?pﬁ‘@v rpay, Plé‘?&:)erably at

wher ei ned fte domgQnmer on the upper tray is arranged
bet ween, preferably symetrically between, the

downconer SMET (hE FEWBFOTEEYOT THIE FERYi RGFAFIMRE 4t dde

of theihi&nt brguisdiangefeanguldr tdivicorbedi fentah Satdatoe
it allows to adj ust t he horizontal vel oci t

conponent
of theSTREATE GHTVENG LPBRF L HeibRIFBPet FGsnE m taRs T
si dewaibwodordies that extend generally parallel with the

sidewalls of the downcomer of the upper tray, and wherein
the downcomer on the upper tray is arranged between,
preferably symmetrically between, the downcomers on the
lower tray. The particular advantage of the liguid
guiding means in this embodiment is that it allows to
adjust the horizontal velocity component of the liquid
exiting from the outlet openings in the sidewall of the
upper downcomer. In this way it becomes possible to make
optimum use of the area between the downcomers on the
lower tray, using a relatively large part as liquid
receiving area but still providing sufficiently long flow
path length on the lower tray for gas/liquid contact,
before liquid enters into the nearest downcomer opening
that extends transverse to the flow path. Suitably, the
guiding means is adjusted such that liquid during normal
operation is not received closer to the downcomer inlet

opening on the lower tray than at least 100 mm,



upper downconer. In this way it becones possible to
make opti mum use of the area between the downconers on
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liquid receiving area but still providing sufficiently
long flow path length on the lower tray for gas/liquid
contact, before liquid enters in?o t he nearest

downconer opening that extends transverse to the flow

path. Suitably, the guiding nmeans is adjusted such

t hat mr@éﬁaaBiV|ﬁ§ Forsfall Yparat POAt i BrakrTr adoeiafedeast

cl osen 0 dhe downconer inlet opening on the | ower

tray E%an at least 100 mmpreferably at |east 150 nost

pref erabl ¢ atapéasguibdingheans| igupdy gie iRy thednd nfguences

any deyjd %1&@%&151@%96&‘?5&& e odi EeChH 0y Of et Idwnqng in the

flow at an outlet opening in the downconer sidewall
dur i ngdavcemeropéfardbh, dudmgaredned eperatiumt iconprared to

wher eiyn,  he +h,L@ybe Gk N0 11RANS qLEaNGLi AN ldLE is not
Sui tabl e gui ding nmeans are guiding Iips or qguiding

spout sinsifsildlgdare preferably attached to the sidewal |

near the %ta&ksblep?nwﬂlg &a@w dizpg éﬁi?él'inc_?rllﬂso cﬁa@uldmg
e.g. be a planar rou e, or tubular. Prefera

t he guamnlﬁ@ meBAshi 3T¢ rﬁreegﬁembylw aEhaahed obe tiHe Slde&all
Si dem{éaldl&weng;u@eﬂf%% dqngot;u&a@n@ugw&t ommlrgg,can e.g.

such as by cuttin unchi'ng. Then,
addi t ikfnad Pgares. n*éé@lu‘ﬁlb‘:b’é(eat ©&c ﬁéal%rt h%r%f%@%ﬂ the

ther efQriguiindt aghak| st%ﬁ@%agllgdlmgmg&aﬁ%ﬁ' &@Nsmewall
efficient manufacturin he direction of |i

eX|t|rﬁPﬁ%ﬂQJHEWuﬁﬁétPF%ﬁﬁcP?nPﬂeePuEéﬁtlﬂp@%h%QGJSWﬁ? as by

descridad by andebesii¥g VEERInIMAVGNITReN B b Caaddlaﬂdmal
hori zont al veI00|ty co onent The direction, of %ﬁgﬂ de

i's chaPRjec WREH tRePRaghTRIchR & the FarerRal: vidt
conpongiteq@NdAOF ol-hed dil BLir P e sMagnbl uder di drite

hori zontal vel ocity conponent is
manufacturing.

The direction of liquid exiting through the liquid
outlet can in general be described by a velocity vector
having a vertical and a horizontal velocity component.
The direction of ligquid is changed when the magnitude of
the vertical velocity component, and/or the direction or
magnitude of the horizontal velocity component is
changed. The guiding means can be arranged to influence
the velocity vector of liquid exiting during normal
operation through the liquid outlet opening in any
direction, depending on the practical situation. The
vertical velocity component and/or the horizontal
velocity component can be changed in order to change the
direction of liquid. By increasing the magnitude of the
vertically upward velocity component (equivalent to
decreasing the vertically downward velocity component),
the liquid flow is lifted and can travel a greater
horizontal distance than without the ligquid guiding

means, before it impinges on the lower tray. The



changed. The gui ding nmeans can be arranged to
i nfl uence the velocity vector of |iquid exiting during
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any direction, depending on the practical situation.

The vertical velocity conponent and/or the horizontal
vel ocity conponent can be changeg in order to change
the direction of liquid. By incréaSing the nagnitude
of the vertically upward vel ocity conponent

(equi VEGEICad Ydeereadi Tyl SHE W siorpearny  demninegad be

vel ocidae<rgenant hs, +& heid i W ﬁqIOQWZBﬁté.leleéize?Lﬂgi&tstance .

can travel a greater horizontal distance than w '
t he | iRid g GhfredhseClhefod ithej hprhgestoh tHocity

| over ddp@bnetievaet Heablyi aPwar d 1%l ACET ¥y COPPONSIY 1ower
can al so be decreased so as to limt the horizont al

travel EA% GO BPLERARGTHy Tt M@PésEfenobf thhdiorizontal
hori zopd @lcivg) Qeb¥neRAPONEN ] dNedichgab@n of Iiquid

flow over the lower tray can be influenCed. The

magni tBefee oK IRGEPRoRE AtRS ALFHINFSconponent can

al so be chanpgeeveBtigh WPESCMHdM RN dREc DB &N FS c@xample

invention will_ now_ be described by ma§pof exanpl € in _
nore det Arenidaratédt BiBhcEE i aTE drahhRgdraviied®i wherein

Figure 1 shows-eSahgnBltCadlomap iGRNUMaWRET &hh dN¥ein two
trays according tQ a first_enbodi nent of a tra

y .
accor di FRY ¥ F I Gresent 2 hviett isgvodriaerntr ghgadtray according
Fi guret@ showssehemahieation atoprrhaweat the trays
of Figure 1; Figure 3 sho schematically severa
enbodi ment’SLBIY i4qEPAYHuT Y s Yo AR VHeRMS dipe trays
Fi gur eoft shawse gGhematically a liquid flow pattern in
a conventional cros -flom1tr%§5 Fi.gure 5 shows

schemat i cdlH19PEE Si GEOYP eV nE&F e HdwnEBRtiments of
si dewal { gL afdidiagt fekhe §f esentinveveabhen; and

Figure 4 shows schematically a liquid flow pattern in

a conventional cross-flow tray;

Figure 5 shows schematically a side view on a
segmental downcomer sidewall according to the present
invention; and

Figure 6 shows schematically a flow pattern in a
cross—flow tray using the downcomer of Figure 4.

Where like reference numerals are used in the Figures
they refer to similar parts.

Detailed Description of the Invention

Reference 1s made to Figures 1 and 2. Figure 1 shows
part of a vertical column 1 having a wall 2 wherein two
trays 4, 5 according the present invention are
horizontally arranged. Both the upper tray 4 and the
lower tray 5 are basically formed of a tray plate 6, 6’
having top surfaces 7,7’ and bottom surfaces 8,8’, which
tray plate is adapted so that it can be mounted to the
column wall 2. Corresponding parts on the trays 4 and 5

are indicated by the same reference numeral, and are



Figure 6 shows schematically a flow pattern in a
cross-flow tray using the downconer of Figure 4. Were
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refer to simlar parts. Detail ed Description of the

I nvention Reference is nmade to Figures 1 and 2 .
Figure 1 shows part of a vertical colum 1 having a
wal |l 2 wherein two trays 4 5 atcdrding the present
invention are horizontally arranged. Both the upper
tray pramddt ﬁerlmvetrs tonayrByabe Pbastlcalinayf platd 6f @'

tray Bgahg gs 10/ halv rn%rteoer é@&%? h7l'chara%w9%ﬁ189g 11, 117

surfac tray adapted so that
can barﬁomnuededo the coI unn vvaII 2. Correspond| ng

parts on Hﬂguié Ssh%x%“%n@ 8&9&@5@%@&@233@ A

ref erence ner a are or parts on
I n t heatrtagupkat ex@ 6 f@p;eﬁhﬁggrmngqroentar%f ar Pahgedity of

in Wh'd%t}z %8}‘?{899”% Ssﬁlo]wn ]_1_4'1 tﬁéetgﬁu\ﬁ&g rF'tgllér %r%y 5 in

shows on[ny portions of the trays 4,5. A particula
exanplFegﬂJae tzhewhw@xrgétrmmowﬁcampmramtqnlof indicated by

downCQ: %1@9035‘@%1‘1{}109‘3“%0“0@&' @Weoéla}&ebeoft rc@ér@tfyn Tray 5

Flgure erein ownconers are onl g I ndi cat ed y
their mmlp@tovopledu wish 120’ supporthagshkam ok 3'clagdngy 2 Tray

5 1s Qﬁ%%kﬁ%@oﬂhtg|V|3£RBQﬁk!”theéﬂé}3lnahQﬁ9 a

dlarretrlc [ ne tra intwo sections 1
, 15' .sesuclens d4ppobt i nggl%@mSU§P9F‘é¥»@H aman preesarterably

trays WG anl aLges q’ﬁ%\giﬁ‘fgg%’ 18¥68 asadbave 2yl @kSabove 2

Smal | lameter trays, e manufactured with or
Wit hou!et@r§up|§@|atlﬂﬁ@ Bt Ea ¢l ayBa§as ot i B Uk cimrpgh with

, 15" i, wlct\ﬂo@l%da%aﬁp@r&dg@elaw of parallel
dovvncorrers 11, 16; Each downconer 11' s

subst ant i &4 r'tééb’aﬁ@%ﬂi&?n Revilig 1ol el oh@a&réﬁ’lded with a
Si dewaél@ra]f't:&/80¥7§ar§-§leﬁ|cﬂﬁ91do‘in%rlsemgt bepnd tVO . Each

smal l er end wal , ' ,21' along Its wi dt h

downcomer 11;11' is substantially rectangular having two
elongated sidewalls 17,18;17’,18’ along its length and
two smaller end walls 19,21;19’,21’ along its width.
Preferably 1-10 rectangular shaped parallel downcomers
are present in one tray section. Additionally one or more
segmental downcomers 16;16" may be present on a tray
section 14,15;14’,15" where the diametrical line meets
the column wall. A segmental downcomer 16’ as shown in
Figures 1 and 2 has an inlet opening which has a side
running parallel to the longitudinal side of the
rectangular downcomers, a side along the column wall and
a side along part of the diametrical line. More general,
a segmental downcomer is a downcomer that has a
relatively large portion, 25% or more, of the
circumference of its inlet opening running along the
column wall.

The downcomers 11’ extend perpendicular in horizontal
direction from the supporting beam 13’ to the

circumferential of the tray 5. Downcomer end walls 19’ of



Preferably 1- 10 rectangul ar shaped parall el
downconers are present in one tray section.
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may be present on a tray section 14,15;14" ,15 where
the dianetrical line neets the colum wall. A

segnental downconer 16' as shown in Figures 1 and 2

has an inlet opening which has™ a&ide runni ng parall el
to the longitudinal side of the rectangul ar

downc simsinsongrsi dé’ alorepitthd mayl §ﬁntwalll$ Bd 1B 'simet the

alongﬁﬂ%ﬁﬁ)Qﬁn%hﬁeghaﬂ?Ir' @n Eﬁ@grn t %gfﬂgkﬂlso that a

segne oner 1s a downconer t
r el at istalgperadgarpergeent 280 emngoners ofs tfgrmed as shown.

CifCUHﬁﬁJQﬁ&%%QEe'éﬁd'&%fisQﬂ@nhﬁarEEBntﬁ@ A 281 2 can

col umm wal | downconer s ext end erpen I cul ar
i n horde il Leilr eet ¢ods f ¥ Y mashehouppoh tt eignajeiainly3 the end

to th%ﬁﬁjﬁp@qfeEgﬂtéféoofofrB%‘Hhéyc§rcu£¥wwgﬂ¥§%1 &1 the tray
wal | s 19" of downconers 11" i1n both tray sections 14'

15' nmeeokuge y@éébrtmgf%aﬁﬁmleu 2] ahramléﬁcrmmmg:ved line,
nanner
ﬁga sk Sh% %é&ﬁféé?ddc%{&%%”%&nﬁ% b ORl S it shall

is forme e opposite end wa ‘near’est
t he cdbaurmlamal thatcanchea pdgvaidasient dSeadsedirngislar downcomer

shown., A ttergm'lvsgx shgu@wamglaﬁec%@ L?J;a%p froldiow
the circunferential of the tray (colum wa , In for
exanpl@%ﬁJS”thal ght or curved line, in order to

optim se GoWNGRRRL OPERI NG AfRAs aRdml thshBbdeba & Ld in
that such a downconer 1s a rectangul ar downconer as it

still Wt dsdissPartPaRfy2 g diifuISEPPPRE&RY ot nigd - This

The uppesfutday A +dbtf ene fspnaddiad avwen gt 6§Ytl5e|lfb§élattray 4
it is mrrored along the supporting beam 13.

resul t&r¢ WaHdCAHRY Bé%%%n%?%velfeféoéﬁtﬁﬂeaﬁ%%e% oy tray S

4 are ygst 'H‘e’ﬂidw @rhggge @bpw@l@afefsors@h@ﬁlaawalﬁﬁ tmi vertical
tray 5 just bel ow ure 2 indjcates schemat

t he ve?%?l%tlﬁ%‘bjoécfl%ﬁc%‘f‘eﬁ%vﬁccﬁﬁé 1% aFEIaYL64 ‘?Xto tray 5
tray 4yom ddm¥ Qines. The dashed lines indicate the size of

the lower ends  (bottom plates 30) of the sloped
downcomers 11,16, which would substantially correspond to
the liquid receiving area on tray 5 if the downcomers
would only have liquid outlet openings in the bottom
plate. The downcomers of tray 5 are laterally translated
with respect to the downcomers of tray 4 from which they
receive liquid. Suitably the downcomers of tray 4 are
symmetrically arranged in between the downcomers of

tray 5. For example, the rectangular downcomer 10 on the
upper tray 4 is shown in Figure 1 symmetrically between
the rectangular downcomer 10’ and the segmental

downcomer 16’ on the lower tray 5. The overall flow
direction of liquid over the tray plates is perpendicular
to the length of the downcomers. The horizontal distance
between the lower end of a sidewall of a downcomer
(equivalent to a longitudinal side of a bottom plate 30)

on the upper tray and the nearest upper end of a sidewall
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wi th dashed |ines. The dashed lines indicate the size

of the | ower ends (bottom plates 30) of the sloped
oovwsooses s 11, 16, which woul d substantially cpeT/EBmO#H051620
to the liquid receiving area on tray 5 if the

downconers would only have liquid outlet openings in

the bottom plate. The downconers_of tray 5 are

laterally translated with resp‘)eéﬁ- To the downconers of

tray 4 fromwhich they receive liquid. Suitably the .
downconetise ofovamyt i yarl@dosghvid ¥iagaldifearfatigednearest inlet

betmegga*Dg QQMQQQﬂﬁ%ﬁfngErt a§%-2d63&m§X%¥Ek§raEE§ at least

rectan ar2 downcorer L he upper tray 4 is shown =
in Fi gbPemh symaEtav dald pulbéiaeent tHeow @sttinggngih of liquid

downc 0; SFEQI segnent al downconer 16' on the
I O\A/erg{:{f{ég}%éo e og\}’1 rall flow direction of |iquid

over the Prafepilates the perpendiees @t tide ReaveRgehe of’
the d8\ﬁ’@g?8§r<§f Jchlc]é? cﬂ?«{ﬂc%?ﬂ@ﬁ:@l 14l si@ncg, hetyeenithgerforated
end 0O ewa ol ad

| ower a si downconer (equivalent to

a | ongiitbdppahisgee2©f @hswnt 6 prat Bl Bmesorrecnppert of
tray n n L8y 51 deyadrmsl bubBl ,
t he | g\%gr tc?rggyfﬁg%elt‘u [ ngf% gilggl%%)st he |ne§rm§st l,li nl ztarea
openi rigylisingr mal pyrigicyleds theoar am vorteieridy flaectly
lofea|sit a;%?.gwmthg QEJVI‘PXM&I sthbici gatcifd Qb patdhdr@nghthe

on the lower tray. Preferably, the entire o
ar ea ofppeire tireay 4 pl Bre BIbdet sirde BRerdko R VIfETREr 85 Liquid

11, 16..9%:hE@Y%r2al St PEd Qaakedimb! Nt OPSM YT nSentire area
(shown 1n t hie °Fi gures only on part of the tray for _the
sake ofutsligei thy dauneerens HibBbeohr BEAY | haturfistghly forms

partigulgh thecarea vertically directly bel ow the
downconer outlets of the downconers of the upper_ tray
The bubBhe SPEACORRFBIVF ENSeLFaYSassS| Pl Feddidhg! are

area . JN& 3B thi BB 1hi keWe bhe2entisng BB weir is a

out si de the downconers 11,16 on tray 4 greg\%{ _cprl of the

f or ns 4RSI poségioned on or about on the b
bubble area and the downcomer inlet opening, which
ensures that a certain height of liquid is present on the
upper surface of the bubble area.

Figure 1 shows downcomers that are sloped, meaning
that the downwardly directed downcomer sidewalls
17,18;17’ ,18’ are inclined towards each other in downward
direction. Conventional sloped downcomers are e.g.
discussed the general textbook “Distillation Operation”
by Henry 7. Kister, McGraw-Hill Inc, 1990, pages 173-175,
and commonly the ratio of the cross-sectional area of the
inlet opening at tray level to the cross—sectional area
at the bottom of a sloped downcomer is between 1.5 and
2.0 and typically 1.7.

The present invention is not limited to the use with
downcomers of such ratio of cross sections. The
downcomers can also e.g. have vertical side walls. The
downcomer sidewalls may be of any shape, for example

having a vertical top part combined with a sloped lower



The downconers on the trays as shown in Figure 1 are
provided with an inlet weir 28;28 . Aninlet weir is a
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bubbl e area and the downcomer inlet opening, which
ensures that a certain height of liquid is present on

t he upper surface of the bubble area. Figure 1 shows
downconmers that are sloped, neanttg that the

downwardly directed downconer sidewalls 1, ;17" ,18

are iruaﬁhne®.Bdwaedsoeatﬁckﬁdﬁﬂ'aidedemhmamttahhwedbkmﬁ an

Convent al_.sl,ap C rs..a d the
gener S e ot PEP LRI A Hey Tha , Pae VSRR, 12
Ki ster, I\/ti@mwowalcbmermcc;amggo,papageslaf:%eqmrmmdomd

Comm“ciaén%&%e&%t Lg Qﬂo&ﬁ‘elrfrﬂgﬁu%e‘it | ooal ﬁo?;aecpfd L& omers
i nl et opening at tra eve the cross” -se 3
area ardg r@S@diotssm @fl Ints¢ opdd. cdedn Eelrent | Aphletasddon

LS and, 2 Q. andy! ¥Bl Cabl 1 dadhasTNE PLESENL {ONENticgng
t4h o uc

IS not mte to the Use ‘W downconer s
ratio dﬁwrmm sbet rahso dihet@ommﬁesscm@naﬂ sred @f the

have verlSlershdecuel houmdhir dauncameresi deval | 'tsfaewevel to

be of any shape, for exanple having a

part clombigrbamselrtaosrbpeeed cledripedt byAtéqaobmﬁlorend of the
'nC|'rH%Lﬁ%#H@%”Qldéﬁhiﬁ?'ﬁffﬁﬂ dW%ra@Qg 19f24§ or higher, in
degrees or ess Wt the vertica he downconers Cal'?

i n parpd el arlage 2vér 9rshoperr dvcopgrseasbbhows 3 pr higher.

F'gureTﬂe &6%&bdﬁegp§§dgﬁﬁﬂﬁ§ﬂﬁﬁ§ré&% g'§959§§@ lﬁ]vertlcal

I nternational Patent Application Publication
01/ 60488054 reesifdlena Veeyesilbbed [dewCufEr ehe @fatﬁftse of

the cr@ssnciftl ianl walea ofe thglomrgoner athdheontal
downconer inlet opening at tray level to the

cr oss-BEEES otfalnayied defraed IRCHiRS |oéwéF epRsbfOtmanore

downc éféfaqg?l alts 1@531& hﬁo% ovef 8 dresd. BeOFidh Wiersne
in particular 5 or higher, nore preferably 3.33 or

h|gherdOW?@P%RﬁM%ﬁéﬁér0@?8%&%1Is can have a V-shape in
vertical as pointed out in WO 01/60485, trays provided with

very sloped downcomers show a lower tendency of flooding
due to downcomer backup and downcomer choking
limitations, in particular less froth backup in the
downcomers is observed. The flooding mechanisms including
downcomer back-up and downcomer choking are described in
the above referred to general textbook “Distillation
Design”, Henry Z. Kister, McGraw-Hill Inc, 1992,

page 267-291.

In the embodiment shown in Figure 1 and in accordance
with the present invention, the sidewalls 17,18;17’,18'
of the downcomers 11;11’ are provided with liquid outlet
openings 31;31’. The liquid outlet openings 31;31’ are
preferably arranged near the lower end of the
sidewall 17,18, below the level of liquid which is formed
in the downcomer 11 during normal operation such that the
liquid outlets are sealed by the liquid against inflow of

gas, vapour or froth.



cross section. Preferably, the | ower ends of the
downconer side walls are connected via a horizontal

wW@b@s®1a03 havi ng a cross section of at | east SPET/EB1084/051620
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preferably at |east 10% of the cross section of the
downconer inlet opening . As pointed out in WO

01/ 60485, trays provided with very sl oped downconers
show a | ower tendency of fl oodf due to downcormer
backup and downcomer choking limtations, in
particul afigess Lrotdwdackuimale rhe dbwneormrsiliag

observed.,; E{% ghooahf&h@%mnmcwgw% \g& ‘E;?'ZS‘%“

back - “up a ownconer king are descr
above mwiadvingdthe gédevall t@m@o@hrea s;qi¢$ afi en rectangle.

Desi ng"he d%'ﬂ)r%e cni‘%oéf eéac}lvcﬁ?'d@ghgggl 1% NEot 1(:3&2 a[?l%lg%he cut-

267-291. di ment Figure 1 afd |
accor datic @aditt Ast henpreslerardlw dit ronanghe of d]m Itshen

f 11,11,
mnth %%a&#%éeeg w&@%pﬂﬁ%ﬂ%@ﬂ%%ﬁ%i S% B |quf%you?& Formed

openi rgjsl B 1ipgr 82 pret ekeunad @ﬁréhg@d neke lims [sowwe as
end of ¢ t I

ohi ch L e e R R ooy IR TR A ene
oper atlm%muﬂﬁa@n@healmLﬁjdz@utflremstmeomrairaﬁ Bl as a

the Iiguid agaash 'QE'QP{\QPJ H290 UABPYESOfith the sidewall,
froth.Figure 1 shoms a single row of "rectangul ar

openi Ny PLld\RRFR ar e hantielct dredebPoelzentryl grelocity

punchi igndersi dewakh @é@rﬁbédYTEQnsU§§§19fbéhng received on
rectangl e. The upper side of each rectangle is not

cut, a tllﬂéf’eé”uttéétf paptcleshdint that RAREPST BYowHICalRg énlet
i ntegfé? QQh@eg&§§83yM$JbHI%%esbq%@@hhg §fhﬁiE“somewhat

l'y fornmed EU|d|ng i ps 32 are fornmed as. shown.
The |i P EErsAs agnfi 40i BhYRithdhreansa oPtRRRitI AR tray

gui di nghd4 RSB vekheikih gy ehnald didsnistkal b ?Qétlfrfgomhe
the openings 31 as a stream form ng an ang
degree%nq&qtpqq“§e§laéﬁappldlng lip and the 31dewall Suitably

the guiding means 32 is adjusted such that liquid during
normal operation is not received closer to the downcomer
inlet opening on the lower tray than at least 100 mm,
preferably at least 150 mm, most preferably at least 200
mm (measured in the perpendicular direction to the length
of the downcomer which is in the overall flow direction
on the tray plates), in order to provide for a
sufficiently long flow path of liquid on the lower tray.

Guiding lips are suitably also arranged on the outlet
openings in the sidewall of segmental downcomers, as
shown at reference numeral 33’ for segmental
downcomer 16'.

In addition to the liquid outlet openings in the
sidewalls of the downcomers according to the present
invention, the horizontal bottom plate of downcomer can
also be provided with outlet openings. These bottom
outlet openings can be e.g. slits 38 as shown in

Figure 1, but other shapes are also possible such as



so woul d have a relatively large horizontal velocity

conponent, which can result in |iquid being received
worooslhesdbdwer tray too close to the nearest donMIT/BREN4/051620

inlet opening. The lips 32 push the ejecting liquid

somewhat downwards, and in this way the area on the

| ower tray that receives liquid can be adjusted by

adj usting the angl e between the Hliding Iip and the

sidewal | . Suitably the guiding nmeans 32 is adjusted

such tdiatculisguicgdedungngonorlidis pperatedbnto sthmtsidewalls of

recei r t i.n EFQ'! t .

| ower @%a?ogﬁaﬁma%\?'l g‘gs??%%%%%& g?éFg y Ial% I%gasl?%uld

150 mmvemstheprefeiubhy ated emstth200ower (heas wad ben further

t he pe i.cul ar, di t tQ . I h . .

domnoar i £ FREF s Tt iy ERBh a Bt dfieson 1s
5the traghisvadesPlsoi ntloe derwaro gudovitde Begmental downcomer

suf ficienpt I oy pat I gyi,d.gn '

tray. écﬁpé%eyngr%?ggggr ‘\gﬁgﬁi {halgc{hflfaﬁggqégr 8%‘812%&58% he

out | et opdiiguge Bnshhes sseleamatiicofl lyediEhenent embodiments of

downco 3 . ef n : d r
Seomeri s (3 EN R A ARSI B ALy T 6 e, o
out | etdoperineys Recthegsliaevendsing 3lhendohheohdrsip 32 are

10 accor d&l%:[g sIaQnet %% Bﬁ_gggﬁg élfé’cﬁ{g%e@ wittﬁerggéjcér%]é %% Figure 1.

bottom pl ate of downconer can al so be provided wt
out| et opévitfgsnatTneds . bblre omisliticet iggenpngse caiifdgdhed to

€.9. S{id S AR ASINSNLHhE EHGMRy 1asbuhoRhNSE Shap&esce
are al so possible such ascircul ar openings or slits
par al | eimemnk HE siSdehal gudd IHedonwddorel? PRI
way t he; i st ditdn@n 19k b had- avera Afe Leesi ¥h nghargay
on the lower tray can be further g%ﬁl m sed, so that a
151 el at i pelgw de diighenpuEnonl IRS adfPePednIAPBotne ngle they

| ower epdy of; 3 se@MRNkala IOWCHIEr LM BRiRLAYI d8sk 42 opened
with further Iiquid outlets 39" . Figure 3 shows

schemaf FoRI PsA N fiafenn &1bBY PRSI0t CopERTADS WRRTRT oT gas
gui di ng;gRafsowhP i$icdewBlhcdie ®ftirough the liguid outlet

openings. Guiding lips 42 can be manufactured in
20 essentially the same way as guiding lips 32, e.g. by
punching or cutting and bending.

Guiding lips do not need to be flat, as indicated for
example at the guiding lip 45. The guiding means can also
have the form of a guiding spout as indicated at

25 reference numeral 46.
Example

Consider a conventional rectangular sloped, truncated
downcomer, having liquid outlet openings arranged in its
bottom plate, in the form of a series of slots

30 perpendicular to the elongated sidewalls. Liquid exiting
the downcomer typically has an exit velocity ranging from
0.5 m/s to 1.5 m/s. The bottom plate of the truncated
downcomer is typically 100 mm wide (measured
perpendicular to the elongated sidewalls), and typically
35 arranged 50-200 mm, in particular 100-200 mm above the



downconer. Rectangul ar opening 31 and liquid lip 32
are the sane as already discussed with reference to

wo2@anes423 . Alternatively, the guiding |ips caPCheP2004/051620
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attached to the | ower end of the opening, as shown at
reference nuneral 42. Such liquid guiding |ips 42

serve to distribute the liquid over a |arger area on

the tray bel ow than without the 13 ps, depending on the
angle they formw th the sidewall. Al so, such guiding

li ps 42veperdédthe ohowrst dwafyor Ovan eikis adbsaricer the liquid
prevent_ Vv . f._Qw LNt o ggmnﬁ

t hr oug T %iggllg%(lqgl{l%lggﬁﬁﬁt‘”{ewo&g%lwngg?h%i%Il ng %g?efﬁangular
can besirgegf aof uneddire@ssemnidgirhgathetsarkotton adate.

gui di | ps . [ Crikd i d

endi ne ol Gfay Froo B DaREeag hr iy g0 @iarea of

i ndi cateddroplekanpleent thwe lggiuddngmpaptaimn Tiee the lower
gui di S n e, t far { NG tn +h
N e R T e Lo
Consi dégwrecopenv eht RonAtpacctvelgdisay whopledis ta cdtogd 2 lower
downc Vi i qui d..aut l.et nj -r}thﬁdq:i loci
its bo onm 0 ateg,gtikg#%gl%r %%oft?lg%sg%llg%ség% als ot'st Q’? ocity
per pents cutdrcatld vt e &l gyt b Fi/dewdits. su¢lyd dhigh impact
exiti t C o) | ag AP L1 (MeTolli bel
i R T e o
the trineatetchonneohfranstiviys calelcyal00ram epeelngs such as
(”EaS%&%JI fo%ga%db&‘%%aﬁpn%f@ag%aombsg fhoewad [ ea in

and typically arranged 50-200 nm in particular

100- 200r gy disoweaihelelyethofliddd eRBELERRYON P Y s

-di stance the JJd.quidngan; gb s§rddute tR0GE: 9 nd efsSa Y eleY 1iquid
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over the rectangular “shaped vol une direct|y” underneat h
t he boteemipingt @reAsslinkne hitWathd IslVofeNakR ot rted Py a

50% of ¢1 b, arga of +Bost gm ph AL e.1£Thebr ER8mpigUithe openings
i npacts on to the lower tray in the 100 nmw de area
directaydu%ﬁéﬁﬁéaﬂﬁapﬁeare arranged such that liquid is evenly

distributed over an area of a width of 300 mm (instead of
100 mm), the impact velocity is reduced to typically

0.08 m/s-0.25 m/s. Such impact velocities do not normally
lead to liquid penetration problems when perforations are
arranged on the receiving tray.

The arrangement of downcomers as shown in Figure 2 is
merely an example, and the invention can be used in
combination with other tray layouts. Other examples of
tray layouts including rectangular downcomers are
described for example in US-A-5 702 647, US-A-5 382 390,
GB-A-1 416 731 and US-A-3 410 540.

Reference is made to Figures 4-6 showing a further
embodiment of the present invention..Figure 4 illustrates
a top view of the normal flow pattern 105 on a
conventional cross-flow tray 104 in a column 101, wherein
liquid is received from the liquid outlet of a
conventional truncated downcomer 111 of an upper tray,

and flows over the tray to the inlet of the downcomer 112



downconer at an inpact velocity which is a factor 2
| ower than the exit velocity; in this case the inpact
WO esoiddy3is typically 0.25 nis -0.75 m's. W tPCHERID0O&051620
hi gh i npact velocity it is very difficult to perforate
the area bel ow the downconer, if anything special tray
openi ngs such as bubble caps or floating caged val ves
nust be used in order to deal With the liquid
penetration problem By arranging side slots with
gui di rithomeahs whiheh! Lhuiel remwiod &g ar ebibh ldwert dwey. This

tray e %%ﬁaﬁggt?}_‘n 2 J Ak ‘Eg 9f gEdtPeélPéul'H%rl%n (back

If, for “exanple € openi ngs an neans
arrangeuusuﬁhlmhateEthlﬁ msiéﬁéﬁlyaﬂléeadbﬂvéﬁwﬁveﬂray

an ar &g Af. ;3\ ydtQhQE 6983 (i %Egéﬁﬁgg81% ”ﬁ%u;g&?gatent

i mpact 'velocity is reduced to typica
5ms. SuzdviifiipadtioneNoci U5 es P Aet! nendathys | ealenito

li qui dse;%ea};% c%tet'l%ﬂ e&géisg@sw% Q%&E‘EEQB'E’Hétaé aised inlet

arrang recel ving tray arrangerren
downcoress cast Sisommroraded gm@@aaé;hnﬁhél yeame@t(@hpl e,

and the, i nventiqncan, g e Heed 1Iﬂeq:0'§9lega£5018ré%{(§bd with

ot her tray ayouts. er exanples of tray layouts
i ncl uddwgecrtemrmlglﬂl@w Honpe otk &re dssendpedtd giirect the

10 xanpl s% GE 5&o7g%e©é1t A ng82 390, GB-A- 416

731 an 3 410 540. Reference’is nmade to Figures
4-6 show rﬂy aFimgt Reit rapbaesemhitndoftot heepipgengion, a simpler

' nventé ¢ fdPYse t%e' bEHﬁﬁ}[i‘Ir?gs FrdodRnV W B8 188icved.

nor nal ow pattern 1 on a conventional cross -fl ow
tray 1@m€¢¥ﬁ9§(ﬂﬂhhn%lﬂeld 9%&ﬁ¥ﬂ91WQQ$§|ér?sPF@Eé@@%dﬂl the

from tpegd joui %fO%Ieeho%c@m&pnvsejHH emal Eﬁenw&;@ﬁd is
downconer 111 of an upggr tray, and flows over

5tray teefirchad én ohet @raé%%hﬁlaf@t ﬁpoaaﬁtmm%hlﬁuld at

is rempyed &0 @iStild lguli QWBSr t& 1 BYow T Sint ¥R ifkmf hOMection on
pattern leads to liquid recirculation (back m xing) _in

areas 1A5RRMPYHI $TCantR¥adht NG G PAFeEPFTEN BNy 2 Tow of
This probtenyish dfSeu$sedifsdin i thdJSARAENt of the segmental

downcomer 211 according to the invention is shown in
20 Figure 5. The guiding lips 236 are arranged such that the
liquid exiting from the slots 240 close to the column
wall 2 is guided along the wall 2. The slots 242 in the
centre suitably guide the liquid along a diameter to the
opposite side of the tray, and therefore no guiding means
25 are needed in the centre, or the lips can be arranged by
bending to an angle larger than 90 degrees as indicated
at 245. The angle of the guiding lips with the sidewall
can for example be 30-45 degrees at the sides close to
the column wall, and the angle suitably gradually
30 increases more towards the centre.
In this way a plug flow pattern 205 as shown in
Figure 6 can be realized, wherein substantially no
backmixing occurs so that tray efficiency is improved.
The downcomers of a tray according to the present

35 invention are truncated downcomers. US-A-4 550 000



specification No. US 4 956 127, and this patent
specification discloses as a solution that a raised

w0 pdosi@vea can be provi ded underneath the segP€IERL004/051620
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downconer 111, and which inlet area is provided with

di rectional flow vanes which are arranged to direct

the flow so as to prevent backm xing. By using a tray
according to the invention, a sikpler solution of the
backm xi ng probl em can be achi eved. Openings with

| i qui dFepdrdibeg Avassamplke wHw dedtingtiher stdewaldedof

the doymeEl, SHC Lauid.is_ d ed..in ., .

t he horizont aelr'p#aﬁg?ﬁg%tétcﬂg%&{n%éh%rqgfdg}%ﬁagéécc% tsed in
out | etthat guibgéad inouss ow is ldmudpt dimmhairgecipornims tae not
and ov, ray. S 4G ART a _r.ow of
slots ﬁ%ﬁé}gﬁﬁdﬁﬁgtﬁ?pﬁ n hl(e‘év%ldgj\%\}g?ﬂeg% ﬁeesent Just on
segnertizs ddeoneea2di oz dradieny tireyt héni oikent ivarrdss no
shown 4 igure+5._T [,di i_ps 6 . arr.anged

such t %ﬁ%%e%ilqﬁlsdlpj%(%}l&tgg rVJoer%plt ﬁéés?‘g@glcgf&%c 558

t 0 t heor=sline odalthe 2dpwnepnatediral ¢hg thecewadbo® .a The

slots ddniihe egnt |t L.de ' 33
A e
t her efoteenth tguibdicngemedhsarat @ Oteedddrirai¢hab eltataicen 50
or the, L psocal heearrapogd, bRdat angl

| ar ger 't%a.n 90 deg?eesg%s |n%¥1£%%gogta2 Jé%p“l'he a)ltﬁlgelrglore the
of theliiiid 9§ sichpsaai epeniwsiafewaincehpd f drvwescmeplse will be

be 30-,45 degleesrak Mk?néf' %ee%tcﬂc%-iepbg_iw@n CH4HMbe top end
wal |, "and the angle suitably gradual ['y I ncreases nore
t owar dof tde apddrRal Vel er tigy 1@vsitu§rfy oW Pt tsasing is

205 asgsShawy ik EhaUhesHacad el 48dcoNeL &l N gas-
substantially no backm xi ng occurs so that tray .
ef fi ci BHEY-d SANFPEEVREY. tahes digwmic GveiBnef T¥Pi¢agly tray spacing

accor di Hg-d1q,de oppesgat ipventi on are truncated
downconers. US-A- 4 550 000descri bes an exanple of a

rect angul & (AMWEEPBET YovRie eI X ErtnE at e P oGS e i
i's chagpeieriad iAlet opening. The inlet weir can be disposed

vertically or inclined. The inlet weir may run along said
entire boundary or may optionally be interrupted. The
inlet weir may be solid. Preferably openings are present
in the inlet weir. The downcomer wall and weilr can be
arranged in one plane and advantageously made from one
metal plate. The height of the inlet weir is preferably
less than 50% of the distance between the lowest liquid
discharge openings of the next higher tray and the liquid
receiving area below said openings. More preferably the
vertical height is between 0.01 and 0.05 m.

For the present invention it is not critical which
kind of openings are used in the bubble area and/or
ligquid receiving area of the tray. Examples of possible
openings are sieve tray openings, valve tray openings,
bubble cap openings and fixed valve openings. Examples of

these openings can be found in general textbooks such as



that, when in use, its liquid discharge openings are
not subnerged in the liquid |evel which is present

WQ a®65/00639% he bubbl e area of the | ower tray. | nPOI/BR2004/051620
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words, no liquid seal is present between the liquid

di scharge openi ng of the downconer and the space above
a consecutive lower tray. Truncated downconers
preferably extend to between 30 &hd 90% and preferably
bet ween 50 and 75% of the tray spacing below a tray.
Fur t herlrradoviremengipdedi setrarede tepehpnls™ Di st iliecatoed

downc \M| |l it t h er vertical
GO 3y R?Ltsg&s_ é Eheagge% 2300 b%l?

position 't Tan the an optional weir on the

| onwer tray r?slcayngpéérn@owm:qmm nedpasfe:qebhy strancieled with a
bet we e ct in

R R L L D A

The dcww&mﬁwgnedca&obe phevlqﬁgihmdlhaéncentee weitthe opening

al ong $f“¥ﬂeldyw%EoﬁB§n|@ﬂl |ne -g¥ﬁ§ nkg%gag%%%%ﬁﬁf suitably

di sposed vertically or inc
run al sugpaorgied émpmrQODbU$mﬂﬂ%/hM'Smapoopsiomhi¢w dee fixed to

i nterrupt ed,siHe ek gL éﬁ\&k}ecé%\&e%ﬁ Qlid. Preferably

openi ngs are present Int t Weir. The downconer
wal | and weéi rha@arfubeharrlamdfdwmdoneIVphaneeam to prov1de the

advant 0] I

of the 1 nlet meﬁ?qﬁ 56 g%era egg thgﬁ95%€ff§%%

di st anker bietanden heve ﬁ@m@.tthatqu@ndwechacgé Bb@’ﬁfﬁingﬁ)aced
of theynext highen hr 6¥héPdaM‘eaﬂfa%%'eﬁ bQEEhYéI‘gt@r*ﬁ?e width

be|OM/SaId openi ngs. More preferab he verti cal
hei ght of stiietdge@sonegl agade e o/t moﬁhehéowéslwef of the

' nventa&z;ha&méxs l'%%fs %‘ibEhQ% Mlc%c'&‘u@d 0l o OREAY NScurs

are used in the bubble area and/or liquid receiVing
area ofse¥relalrlay InERARPIEECRIAPBLIHIE  ofeRi AYaRFR longer

sieve {ray ORLM n%er\éahyeuicﬁ N RREFRGS onBUBRE € Safhe other
openlngs and fixed val ve openi ngs. Exanpl es of these

openi ngRd ¢t be TEFFdPLAT G M GIS AT @RChEoRE TERER Bktnce from
above- peatigned derebl thexdbatkomdd stidklathodr may

optionally extend all the way to the opposite downcomer
sidewall. In the last embodiment the anti-sloshing
baffles will also add to the mechanical strength of the
downcomer itself. In an even more preferred embodiment
the anti-sloshing baffles are at the same time the
supports for the above described anti-jump baffle.

The tray according to the invention is preferably
used in a gas-liquid contacting or separation column,
which column is provided with these trays, axially spaced
away from each other. Contacting can be absorption
processes wherein a downwardly moving ligquid is contacted
with an upwardly moving gas. Separation is typically a
distillation process to separate one or more components
from a feed. Typically the feed of a distillation process
is supplied to an intermediate position in the column,

wherein trays are present above and below said inlet



Desi gn" of Kister, on pages 260-267. A rectangul ar
downconer is preferably provided with a rectangul ar
wab@petsdant i -j unp baffle, vertically positi oneBCHERIIG4/051620
the |l ongitudinal centre in the opening of the
downconer. This anti-junp baffle plate is suitably
supported from both sides by supports, which are fixed
to the inside of the downcomer~wel Is. It has further
been found advant ageous to provide the downconmer with
s0- caldoed taphi. - Btios i nep Ivafnf [ies fuAppet qamtwideaveitbund
t hat . ti t S e t each ot her
and artinga pac o T A SR AR oF T downcomer
are present in the |Iower half of the downconer |ess
sl oshing will occur. Sloshing occurs especially in
el ongat ed downconers, for exanple |onger than 0.5 ,
where |iquid noves fromone end to the other and back.
These plates may extend a certain distance fromthe
i nner side of the downconer sidewall or nmay optionally
extend all the way to the opposite downconer sidewall.
In the | ast enbodiment the anti -sloshing baffles wll
al so add to the nechanical strength of the downconer
itself. In an even nore preferred enbodi nent the anti
-sloshing baffles are at the sane tine the supports
for the above described anti -junp baffle. The tray
according to the invention is preferably used in a
gas-liquid contacting or separation columm, which
colum is provided with these trays, axially spaced
away from each other. Contacting can be absorption
processes wherein a dowmwardly noving liquid is
contacted wth an upwardly noving gas. Separation is
typically a distillation process to separate one or
nore conponents froma feed. Typically the feed of a
distillation process is supplied to an internedi ate
position in the col um,



wherein trays are present above and bel ow sai d
inletposition. Such a colum is further provided with

WO edwsiol@p3 condensation and reflux nmeans. 1 . APCT/EP2004/051620
gas-liquid contacting tray suitable for horizontal
mounting in a normally vertical colum for
countercurrently contacting gas and liquid, which tray
conprises : a tray plate having 2®p- and bottom
surfaces, in which tray plate a downconer inl et
opening is arranged; and a downconer for guiding
liquid fromthe top surface GQft #hé Mr8y plate to a
downcorer outl et opening below the tray plate, which
downconer has a sidewall extending downwardly fromthe
downcdhner A gist logehnd ngpntartihicc hrdgwaeoherlsiewdlolrizontal
the |igujd:outlet_o | ' I e rej e
| aui AT ol onedi ng Tat) eATaTAl, RLaRY, BT Rl
gui di mpansatdy zontThelpmsyds quidd légnidet vingch rtapy
accor 'Jﬁbﬂf%e%hai”1l’ wherein the guiding neans is a
guiding I'tp or a guiding spout . 3 . The gas-liquid

5 contacting ttray adésbdediaginog topairndlborton swefasias,t he which

gui di IS Al far .t h .t down r
si dewa Egpiﬁ§t$hg g§§g§@§%{df§€ﬁfggﬁ%%ggt?gy accgggﬁnsnd
to any- one dowgkainas for JJuidievdeilnquhd fiomithguicdi myrface
nmeans | d LN ' e i
Vorti Gl sl ety Pea R orent e e ARl AU e TG below the
t hr oughrashelaitqui @haae| eewrpEsihgaguri Agdevr balextending
10 OPer atd Qa1 N r8ASthé Authéh CHRLAGHLARY bhay: AFCOiRAG cn
to any one of Clainms 1- 4, wherein the |iquid guiding
means davrgqmerged depal Af Hirnldaruie oditd ekt Poen bEg tife arranged,
hori zory Al 1&lQGi t}eCOMRENENML1afett BechiAY ds 8XidJNREd with a
the liquid outlet opening during normal oOperation. .
The gakiduiglisticongaBerny- tray according to any one of
clai msp 1- 7B WRGLELBul Hecslownaan®y thrsySebestethd Melaim 1,
t hegroup consi'sting of a sloped downconer, a, very o
ins|opecwhere1n the guiding means is a guiding lip or a guiding

spout.

3. The gas-liquid contacting tray according to claim 1
or 2, wherein the guiding means is integrally formed with
the downcomer sidewall.

20 4. The gas-liguid contacting tray according to any one
of claims 1-3, wherein the liquid guiding means is
arranged to influence the magnitude of the vertical
velocity component of the liquid exiting through the
liquid outlet opening during normal operation.

25 5. The gas-liquid contacting tray according to any one
of claims 1-4, wherein the liquid guiding means is
arranged to influence the direction of the horizontal
velocity component of the liquid exiting the liquid
outlet opening during normal operation.

30 6. The gas-liquid contacting tray according to any one

of claims 1-5, wherein the downcomer is selected from the



downconer, a downconer with vertical sidewalls, a
downconer with partly vertical and partly inclined

wGeraswad4s . . The gas-liquid contacting tray BRCTEPZIONGS1620
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to any one of clainms 1-6, wherein a plurality of

liquid outlet openings is arranged in the side wall,

at least part of which plurality is provided with

li qui d guiding means. 8 . The -y&s-IHi quid contacting

tray according to any one of clains 1-7, wherein the
downcerephasnaistiss arft isakllyphdr dgontalehott orrygl aleped
and wherein a further |iquid.out]et openi '

ar r ang&Y"FR™"the HotT oM %gt ("eq.lgg. Vﬁ'ﬁ%l%a:ls-%ll%(?&lg&ls’ a

cont aciowngoteaywiacit graditly tverangadnendfpadtdiyngnti8ned
wherein telgqe rdLovmcorrer is a rectangul ar downconer. 10.

The g§§d1 i 68{ d contacti ng tray accordi ng any one of

cl ai n7.1- TBe wherkiquidednitagtiognsray appedingajgot hay one
is arr d .aboye.a l.ower. tra [ r I

provi dt d%\(;iviatlﬁlsax‘(dg(/m“é}benreerlﬁ I’?a%élgg%(%g%%a%%nlgﬁa%dsto‘ﬁtlet

par al |edendinigls ttheastaleyed |inoftheheidewnezbheratoflelsd part of
upper tr.ay and_is.] ateral translated, wi t

e adHeen AT E e Thperoersy Paih RriT SRS bans.
gui di g mE@es gies-atljusd edbrgrcht inbatrhy qaeablimongo any one
normal _operation Ls not_ r.eceive t e :
downcdtrer” it &t rl]ol|g)én‘irvll}ffyreolﬁlt 1née I%g\%\lgggﬁjéy}?apﬁt%glltbﬁatlr?ntlally
at | edsirik0tmd bptederplbdte atarideabereébd amfjunidstr liquid

preferahly . at | 0] .Th ag=1{4 gui

cont ac L|lbcnlge rogfggggofgi#gggtnog% zil}-lm%g,g %ﬁﬁtjnﬁt et ray

forms @an (hegasrayqehdtcdnamtiaggédaabevecedingvedic any one

tray h@f'&gat'?nst hay pévlgéfeﬂ{ oc\ﬂ degd webheat; s easte dRgular
hat “extend g N

downconers ex enerally parallel with the
si dewalldwnaymerhe rect angul ar downconer of the upper

L B 1y R L RSt e one o

two claims 1-9, wherein the tray forms an upper tray that is
arranged above a lower tray having a tray plate provided
with a downcomer that extends generally parallel with the
sidewall of the downcomer of the upper tray and is
laterally translated with respect to the downcomer on the
upper tray, and wherein liquid guiding means is adjusted
such that liquid during normal operation is not received
closer to the downcomer inlet opening on the lower tray
plate than at least 100 mm, preferably at least 150 mm,
most preferably at least 200 mm.
11. The gas-liquid contacting tray according to claim 9,
wherein the tray forms an upper tray that is arranged
above a lower tray having a tray plate provided with at
least two downcomers that extend generally parallel with
the sidewalls of the rectangular downcomer of the upper
tray, and wherein the downcomer on the upper tray is
arranged between, preferably symmetrically between, two

downcomers on the lower tray.



downconers on the |lower tray.12. The gas liquid
contacting tray according to claim 11, wherein the

wo pepsiots4grii di ng nmeans i s adjusted such that |ipoi/dP2004/051620
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during normal operation is not received closer to the
downconer inlet opening on the [ower tray than at

| east 100 mm preferably at |east 150 mm nost

preferably at |east 200 nm 137 Z4e gas-liquid

contacting tray according to any one of clainms 1-8,

wherein the downconer is a segnental downconer, and

wher eilf -aTprupari Liaeid |Ggdrgténel bravpredorgking th claim 11,
gui di RGFRARS e f ik qa t o gui

liquid so.as §§%f%?%$§mgfggh$Po®Fgg%tg?ﬁg%ﬂﬁgk#ﬁﬁgfh that

r ecei ity ity dprdogi neriy AkIcrgpapat iennot received closer to

the downcomer inlet opening on the lower tray than at
least 100 mm, preferably at least 150 mm, most preferably
at least 200 mm.

13. The gas-liquid contacting tray according to any one
of claims 1-8, wherein the downcomer is a segmental
downcomer, and wherein a plurality of liquid outlet
openings with guiding means are arranged in a row to
guide the liquid so as to form a plug flow pattern on a

lower receiving tray during normal operation.



