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COLUWN FO¥UIIINFER- CURRENTLY CONTACTI NG GAS AND LI QUI D The PEBERIN01078
invention relates to a normally vertical columm for counter-currently
contacting gas and liquid to exchange heat and/or matter between the gas
and the liquid. The colum is provided with inlets and outlets for fluids.
The position of the inlets and 5 otitl et s depends on the use of the
colum: when the -colum is used to renove contanm nants froma gas m xture
by counter-currently contacting the gas mxture with an absorbent |iquid
the colum has a gas inlet and a liquid outlet arranged in its |ower end
and a liquid inlet aBfluv @88 coulrlE-cORKENTEE dcoNtALT e BRE anBNEhouaBd When the
10 colum is used for distilling a feed the colum has a feed inlet
arranged near its mddle part, a gas inlet and a liquid outlet arranged in
its | ower end andme |dresierct iiniratuamokeaageas toud | reirmal Yyavgeth dan éémxupw

end. In counter- ur. ntI t rd n u

fl ows downwar G&°¢T roug %ﬁ%? AtQQq%%gl %l](')‘\g/)v\ﬁzgghj f%\@t [ %{;&oggu h%/a{r: nja“}f’ fowi ng .
gas and downwaettier petweiengtie gas dmdtth? ddtepdh The moduinidd paavided ptl&hal ity

~of horizontal ;gpuagha tahay&sa&z;@rﬂﬁwx gl | ;sesaee&@@faﬂeer inidbd Qﬁd col um.
Such a contact tray can be a so-cal crossfl ow cont act tray

so- cal Ped coufPElersufisrsnds c‘?ﬁhfﬁ%t“’ﬁr%& ‘thgpcolumn: %eBrHE'sFPbW‘Cﬁﬁt‘%f@F 9 ay
i's provided Wirkhoyad 86RGRE naxte mdommmxmkuechyoqmamebe:herertdlg cont act

tray, wherein _duri ”9??%"1,”&'“0 e’E t|o flb%\ggb%&v\@mg\ﬁ&tsmé c%tﬂ th?‘ﬁ

passages and Fmdw romthe con Fray frougy
downconer. A geasirimdet candr enkiqubhtoasiet ﬁeryamqsedpmwtéeao%rt hncpas}siagelsqwﬂy

and wi th no dQWNGOURE.a gas outletvxf}‘?:ﬁﬁéé?i @urmgummhdomﬁaaumeqntws flows
upwar ds t hrough the passages and liquid flows from the contact tray can

trickl ¥ downwsPHE™ h# GAgH f‘ffedb%t%‘-éég%% a fged (FGenc B8P Riser afesdniv¥eta col um

provi ded wit haaréii’gﬁasﬁéaQV\b,ﬁé)ﬁﬁa&Ie baaey, gag*aé Immse \ypdak A ghid Qughed he
passages of the contag

| i ed to th
contact tray PRFSSH f’hégﬁ °W86n%’|’:l o%(d tahe“ﬁ Q#’ thagélgagﬁlfgﬁ %??gy EI qui d
col | ected on wuheanged\ix 955 2fHeEt end.
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liquid takes pl ace in the ern o? f%quf ongtaﬂe gont act tran ﬁ%
t hi ckn¥ss of £flows downwards through the column. To allow contacting of upwardly

flowing gas and downwardly flowing liquid, the column is provided
with a plurality of horizontal contact trays arranged axially spaced
apart in the column. Such a contact tray can be a so-called
crossflow contact tray or a so-called counter-current contact tray.
20 A crossflow contact tray is provided with passages and a downcomer
which opens below the contact tray, wherein during normal operation
gas flows upwards thrbugh the passages and liquid flows from the
contact tray downwards through the downcomer. A counter-current
contact tray is provided with passages only and with no downcomer,
25 wherein during normal operation gas flows upwards through the
passages and liquid flows from the contact tray can trickle
downwards through the passages.
During normal operation of a column provided with a crossflow
contact tray gas flows upwards through the passages of the contact
30 } tray and liquid is supplied onto the contact tray through the

downcomer of the next higher contact tray. Liquid collected on the



the liquid |layer is determ ned by the height of the weir of the downconer.
Liquid fl qya er the weir is renoved through the 5 r, and’
gas di sengo%gebgzs rlom the liquid on the contact tray flows upgé?%@g@g%?he .
next higher contact tray on which it is again contacted with liquid. Sme
liquid will be entrained with the upwardly flow ng gas, and the presence of
liquid in the gas adversely affects the_pgrformance of the colum. 10
To reduce the anpunt of entrained liquid it has been proposed in USA patent
speci fi cat i orfoREAct] toBR £PEMs AolavRy apd (I9BLRGHINGPH IpF LN Liguisk téknsi zont al
isepa_r 3t :c on trp%xSe AmOvhéladyst tdf Siuib éniltas cuidavt dragPame £0icknesd\WeNg 4

I qui romthe-separation fr. erei.n ch separation tray is arrange
above a cont ¢ }S’r dalﬂ’( rn%(? g&%'\l'\dlneg byhlglgﬁgﬂ’iﬁkgﬁfgcfhﬁ ¥&F iof Fhen
arranged abovewhémmesegeigaid flowimg over sibler veinilbe semoved ithebwgitcyhe ndri cal

pi pe i§ whichyauidderl RS Lhd%s el Erodl L1980 YR Jation
gas vm"?h ent :hé’i%}r%% élrl qui dIJ%I ows t rgugh t he swgﬁlﬂﬁegﬁagggﬁg g%%l

i nparti ng neddsvE Hpyards, Sogthe pext higher confart: tray ppdrhkishoit g again
cegtri fggal -fdalhlee&eanami mﬁ@hihi.‘qsm lIIk}(ﬁf a amfybﬁrem_ ahleédcaﬂlzr_r QgQT tlhe swirl
tube and is collected on the inner surface of the circle cylindrical pipe
where a fil m¥FaF ldu?b‘?"f"é‘gf?ﬂ’r’reﬁr.‘é ﬁ?’et‘ff@’ﬁ'b'peef’feﬁbq“bﬁ FhEPBIHE the |iquid
filmbreaks upvanselly gffedtsirihel pésfompareceansiytter cowdne pi pe; these liquid
dropl ess shoul d fal | t %Q‘ﬁ{tagg ined liadi4@Ve nhd th_of me of
the | ?%ui d dropl élt%sl."\am i %ge suc tha?&tt%glynﬁ %i?ﬁg%%rﬁzg?t’ge?'r E§°"a°6§§e t he
separati on t rigyUskpatente pracifisption Ned it ABH ISR theaddates e scadimn et

contact: tray.p1hRaliRJUSE Holk forRAl I Apab®Eiont BfaysPPEsvied Seih 4416 1SWids t ubes (
di scharge straight into the passaﬂtes of the contact tray above the

separation t 3§ with 3gans for regayifg,iigud 'Ff%\éh?tﬁﬁ&Fﬂ%yiPﬁeths%ibf the
'(I:'ﬁnt act : L ay earH ddparatipni trdy is ddrengahiabcte tar ayntacouthyl h'mqaass'ag;aﬁ. _
ere e S I 0 . Ealg% s._as ere
are ptéss)sages h{l%n?ﬂe‘:%ﬁ% h?{%teirs a%(%e%t gg{dﬂiggy%% erel ?l%'{%t%?‘g%é‘? &t of the
swirl tubes is edufhiflotube i arfirete Fylirdrisal Ripesin whigh swéxt hi gher 35
contact tray,impagciMiChind bhe aEGé’ﬁéB.Oﬁuztih? foMnbl dpdReSidnSgsd RskRr - - 3-
as the lay out of,theéPas_sa. es. nseguent Ys the net free area_of the known

separation t reiFERHes WS PRReugl oo P i e PRt ARY HPaMiFhe net free

area of the imparting means cause the gas to rotate; ‘under influence of
20 ;entrifugal'forces entrained liquid moves away from the centre of
the swirl tube and is collected on the inner surface of the circle
cylindrical pibe where a £ilm of liquid is formed. At the ﬁpper end
of the pipe the liquid film breaks up and-liéuid.droplets move away
- from the pipe; these liguid droplets. should féli-on the:separation
25 _ tray.-The path of some of the liquid dropléts will be such that they
hit the COntéct't:ay above the separation tray, and they are
entrained through the passages of that contact tray. To reduce this
- entrainmént thé;uppergends*bf'the‘swirl tubes discharge sﬁ;aight
into the passages'af'ﬁhé'contact tray above the separation tray, so
30 that the gas flows towards the passages of the contact tray and the
liquid hits the contact tray around the passages. Thereto the known
separation tray comprises as many swirl tubes as there are passages
in the néxt highef'cdntact tray, wherein the diameter of the swirl
tubes is equal to the diameter ¢f the passages in the next higher

- 35 contact tray, and wherein the layout of the swirl tubes is similar



separation tray is defined as the area of the passages in 5 the swrl
t ubes di vWHReF/A5§71t he active area of the separation tray, anpCT/EPosmab7si 1 ee
‘area of the contact tray is defined as the area of the passages
the active area of the contact tray. A disadvantage of ey
that a | arge nunber of swirl tubes 10 are requiredj an
known col um expensive. East German patenB specificatio

di scl oses a cgl yan f.or t | Ve as i uid Vi ng
inlets and ouﬁ %FE ]Tagr °'ﬁ)%?d§}[e ?,H_I;;ar o% e&gg&?%twgv%r af gn&“ a"ﬁe(?rf’ ont al
cont act traysthesknown savarraﬁgerd taxvaﬁquylsﬁéseeﬁefaﬁaﬁe am#at‘hé tbel epRtaceach

contact tray Q@lyngrw A¥t Gede el aﬁ%ﬁagee%uaeﬁmw 10L& ekiSad WhE T
provided with a %Jrallté of horizont al h‘Earatlontrays provi ded with

swirl tubes aHF2wPt (¥ g%t IPoHRR FHGEY iBHRPY Hvided RE theartiveoare ay,
each 29 2 phRé atelpaﬁamroaytm Ngndaithanged £ fdxo \a@e s aoahacdontiéty trd{asknown
separation trgay. t.he | p Lan ed apove the
swirl tubes, éL%:J%vagrEh 1 ate |°§e;§)’r‘e§\?%g¥%;“ {iﬂ‘;openl as t?l?tou hg‘m% t ubes
ext end downwat 9°nttal¢§s%ran'ubé§lha¢@n&amfl the dingyetcodugs is thatt laabatdee

di aneter of thgpsidd shitiesusdd abbeqfXi&d)dahd itk N KdRPEle SRS Q;Ll&&e
swirl tubes. A serious drawback of the known separation tray is that the
cover plate cP®EBE¥e space between the swirl tubes so that gas entrained
with tbe |iquid canaetarcsbset bE Oilet Piesenpatrtrentlon to provuiéta i's an obj ect
of the present_ nventl ol LOVI de 3 SERAT t| 1Ll a has .an rrproved
gas/ | i qui d. seﬁar 2 %8n. raf'o T{:ﬁ)‘f’hs CRRPIPRT IFRATARSRE & t% ﬁ‘i”r‘é'nﬂ”if
contacting gashighchavieqaidianeten ghay isolatgerpriegehhe 3ﬁ.ameter efivigret i on i s
characteri zed, gsgué dat each swirl tube is AVENDED SHEET - 3a - provided
wi th an annul-ar turn deflector arranged over the upper end of the swirl
tube. The annul arTUrhif eraefhiee CobFMG EPH COURFRATFHE ¥RREL econtacting gas and

15 liquid according to the present invention hawving inlets and outlets

for fluids, is provided with a plurality of horizontal contact trays
arranged axially spaced apart in the column, each contact tray being
provided with passages, and which column is further provided with a
plurality of horizontal separation trays provided with swirl tubes

20 and with means for removing liquid from the separation tray, each
separation tray being arranged above a contact tray, wherein each
swiél tube is provided with an annular U-turn deflector arranged
over the upper end of.the swirl tube.

During normal operation liquid droplets will break away from

25 the liquid film at the upper end of the swirl tube. The liquid
droplets are forced by the U-turn deflector to move downwards to the
separation tray. Consequently the liquid droplets will not normally
move upwards to the next higher contact tray. Thus it is not needed
that the upper ends of the swirl tubes discharge straight into the

30 passages of the contact tray above the separation tray, and
therefore in the column according to the inwvention the diameters of
the swirl tubes are much larger than the diameter of the passages in
the contact tray. This further means that less swirl tubes can be
used. Suitably the diameter of a swirl tubes is at least three times

35 the diameter of a passage, and the diameter of the swirl tube does
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tray, and gas which is entrained with the liquid can pass between the
annul ar flectors. During nornmal operation |liquid ﬂéﬂﬂ%ﬁz i1
br eak a\/\&lby{"gﬁg{ehe liquid filmat the upper end of the swr u ago-mThe,

liquid droplets are forced by the U-turn deflector to nove downwards to the
separation tray. 10" . Consequently the liquid droplets will not normally
nmove upwar ds’to the next higher contact-tgay. Thus it is not needed that

t he upper ends of the swirl tubes discharge straight into the passages of
the contact nephyexssed Swepky $4pes dheghiapetst ointhe RAFASre in the col um

according to theai fyf@Rkk Givantdie 6f alet 6lumAf addoeding rtb thed@Besunt NMucr

| arger than the di aneter of the ﬁpgs_sa es Qignt:_ he contact trra%y.-s‘g_hi Ser
further near@VeREiPn s Lhak fhp net fpes axed P tRR SFPREUT PRI Yt At “d 2Rkt er
of a swirl tuthes the nét Ifeestarelarafc the rknowh eepdratiohetray. &s ghespxpssueand t he

di anmetgr 20 f _the sw -. ' HNGEN ;
95/ 25571 drop erer Bne §%Jéat§.&p%r996.l§1c[:§£§us Lﬂl{ ]in - %g g??E%SO/c(Jﬁ%\?S
-4- not excedd thmeiswirk itybes. Bad fisakptegapfvalReitihds stpverse ycpaghional
advant age of dohgnd QetNFreaCeriali tie boeddiRepdRpeblel RYENidpaBativnt bady the net
free area of the separatjon trag_ 'ig Ia-r-‘%er Hhap the net free area of the
known separ atS"Bhte% Ahan AL RESSAPEL SGPR BeF BB SEREA AL E&Par at i on
tray increases wiThe imenebsi myllacw\ied desenibed hhaag\if examrlesin aodeas this
gas VG4 0Ci 1Y o, NGRS AHLORR Ml bhwliRfs Shekdige area, the pressure
drop er the separation tray is snaller than the pressure drop over the
known separ ati on Rignye 1TRbowsneehamashcalily| a ifFRepesasssenaly¥tevh P \RAFtopt
exanpl e in MR d9um forl@bdidervbldieneielcBntiting I8 ShaWiggss avbayaehy
Figure 1 shows schematically a.cross-sectional view of part of the colum
for counter-cth FEﬁtH‘?s%tlﬁ%ﬂtﬁﬁn'géé‘dand liquid according to the present
i nvention, and Figjguee 2 shows sshdmathtaliyl & \crpssrossionlt vbemlofvpaw of part

of 15,5  al 2hLEMRlbe ot @in ' ¥8r fRln QLA ELnt Y] " Eheh¥e3gN4F L@y gas and
liquid according to the present invention. = : o :
Reference is how made to Figure 1.-Theicplumn'1"is provided:
with horizontal contact trays 5, 6, 7 and 8 arranged axially spa?ed
apart in the column 1. The horizontal contact trays 5, 6, 7 and 8
20 are so-called sieve trays. A sieve tray is a'flat p1ate provided
with passages in the form of holes in it; for the sake of clarity
the holes in the plates have not been referred-to“by reference
numerals. The horizontal contact trays 5, 6, 7 and 8 are provided
with downcomers 10, 11, 12 and 13, respectively. The downcomer 10
25 opens below the contact tray 5 onto the next lower contact tray 6,
and so on. The tray in which downcomer 13 opens is not shown, and in
practice the downcomer pertaining to lowermost separation tray of
the column will open into the lower part of the column.
fhe column 1 is provided with a gas inlet and a liquid outlet
30 arranged in its lower end and a liquid inlet and a gas outlet
arranged in its upper'ehd; the'gas inlet, the liquid outlet, the
liquid inlet and the gas outlet.are'not shown in Figure 1.
Colurn 1 is furthermore provided'with horizontal separation
trays 15, 16 and 17, each separation tray 15, 16 or 17 being

35 arranged above a contact tray 6, 7 or 8. The separation trays 15, 16

o



liquid according to the presént invention. Reference is now nmade to Figure
1. The coM@H2S75 provided with horizontal contact trays SPCHEPYS/HATS 8
;arranged axially spaced apart in the colum 1. The horizontal contact trays
5 6, 7 and 8 20 are so-called sieve trays. A sieve tray is a flat

pl ate provided wth passages in the formof holes init; for the sake of
clarity the holes in the plates have nof béen referred to by reference
nuneral s. Thanb@7 aeatmbovided atth iskiylS thbeH,20] 2NGnd 20.€ TRE QWi dECeuiel N
downconers 1 . nd 1 [es tively.. The downconer 10 25 opens
bel ow t he co%to éuj:%l f ?éyﬁSQﬁenfi 8tﬁ1neaﬁ‘r§1g>3mlv%)\x/\eedr "égkhtsa'{'&f PRI B MPEE028n. The
tray in whi cfcdommanpleswisl ypees. Eschhaepshandion tany L8, W6act ildeis he

downconer peteh AiHi-Rgrd QrbiRuRiln RERA 2bk Wnb-AYy eig.sifaeégzg‘k Vltmﬂghwi Il open

into the | ower part of the colum. The colum 1 I’s provi a gas

i nl et Sand a PPRRFAFIORYrAY Wpthe formpf a dewpcepes 129, | Ihendehlt Zhel a | quid
inlet and a gewnddmkkeis aErsupgeskion tify UPPPens8Neia tibendpasriNnl eh,tHehe liquid
outlet, the Liguid inle nd e.gas,,outlet are not shown in Figure 1. _
Col urm' 115 PRI AR O feF SR s spransiich Syl Foh et 99 15, 16
and 17, eachkPieqzer abteorthat pelfecon8 amtadt Bgiapghdddow separatidnmanbgef 1abpye a
contact tray,fy sholh, &na i § 14,00 5 §/,25571

PCT/ EP95/ 01078" ang 17 are 7 i ﬁ%@%l"%%’é‘gﬂzd‘fwgfgaﬂ’i oI he
swirl1% ubes 28theXt and 22 are internally provided with swirl inparting

means 25, for exas@l ewsyl fuby @6S21 RACH2 SRPBEN1ERA dilthYard BnndfaOb-dend S
furthernore Br Vi %edﬂ't . e nsssfor rem)viln |i%l;‘id fromthe 5

separation t 5@1‘?‘: °Fre 37 AP ABHRRESMET Y2025 ISR L VET. O EPRFMTBSner 29
of separ ati onftyheyseberloperes 20 RldewrkDner 11 on the second contact tray 7
bel ow t he separ aty, o 5 : SO s Pl ofe.tha he ond
contact tray bel gev&ggfc)g%a%o%petarrg%&l79%]314;3?8@%3\%&" 5?1’8 ‘%%Rems'e%g?‘ﬁ?‘f%‘n tray
abovelScont acthe 198y Hhles frat sheyd 20 the lowexj emcbof theclgobwsiey [ ansbe 20, 21

or 22 is proviglad Yétdupplicunesl e bbiutinni Q@szeﬁ{ Rhe Hhquid @1de 3bhot
respectively, arranged over the upper end of the swirl tube 20, 21 or 22.
Duri ng nor nth%'ﬁﬁrﬁ?itg’ﬁ o2 icpdl 5"%68p’§}ee&°f‘6““t he TofFhtfodurh oggh 2rg
t he gas i nl etliquict asd @anactiedt dre theimiriesttadf cédtaceotnaye 8, &nd7 langugd i s
supplied to EQ%:&:RLH&@M&!:EJFQH&Q:J[ ant.l,i gklci %f!tgxl: ectonggcotting liquid and gas
20 are removed from the column 1 through the gas outlet (not shown) at
the upper part of column 1 and through the liquid outlet {not showm)
at the lower part of column 1. Excess liquid is removed from the
contact trays 5, 6, 7 and 8 through the downcomers 10, 11, 12 and
13, and some liquid will be entrained with the upward flowing gas.
25 The performance of a column is determined by the maximum gas
flow rate as a function of the liquid flow rate; wherein the maximum
gas flow rate is the gas flow rate at which entrainment of liquid by
the upwards flowing gas starts.
To improve the performance of the column, entrainment has to be
30 reduced, To reduce entrainment of liquid the column 1 is provided
with the separation trays 15, 16 and 17. In the swirl tubes 20, 21
and 22 of the separation trays 15, 16 and 17.the upwardly flowing
gas with entrained liquid is subjected to a centrifugal motion and
as a result a liquid is separated from gas. The separated liquid is

35 collected on the inner surfaces of the swirl tubes 20, 21 and 22. At



shown) at the upper end of the colum 1. In the colum 1 gas and |iquid: are
contacted on the horizontal contact trays 5, 6, 7 and 8 to exchange

mat t er . anVQPSIEH . and after contacting liquid and gas 20 PCT/EP954iey8
removed fromthe colum 1 through the gas outlet (not shown) at the upper
part of colum 1 and through the liquid outlet (not shown) at the | ower
part of colum 1. Excess liquid is renoved fromthe contact trays 5, 6, 7 |
and 8 through the downcomers 10, 11, 12 ‘and 13, and some liquid will be
entrai ned wi tthed hpperpendsl of tivé BEighTub@d 20, 21 and 22 the yQuiarwiance of a

column 15 el SIS PY-bl IR TU D ARS8 B4 BB BuISH OB QRathE

liquid flowra rein e maxi mum gas ow ra
whi ch entrai nFen¥U-g¢rn Agfiestpss e Ipnad £6 #mtnghgdém@msch Bxeakgpr ove

the perfor rranm,pto&mscawmoﬁnafauhanségarhaﬁoﬂ Qrbfs 38, 16 analeAUsRd, TO
reduce _entrai nment _of uid the colum é&ls %ow ed W|th t he separation
trays 15, 16 E’fﬁfellf"q“l"ﬂ th&emyes thinyes doYnCOmEES 296 3Q RBd st #hdEh on
trays 15, 16 epeh i ttHeedewpwameﬂg/ 10} @ agd g@s o thie edsrttraatn&iybl 6Ui7dah¢

subj ected to centrifugal notion and as a result a liquid is separated
from gas. The separated liquid i-s 35 . col lected.on the inner surfaces
of the swirl tubeBe ddlustragethpoimpyoved papfonpanse f the column according

- PCT/ EP95/ 01078, -the ﬁmeaea%em Of et Cwerdd eL:ﬂuﬁe&@Qu zjcoil% %%vbtbe

liquid will break awa romthelnner surfaces of the swirl “tubes 20,
and 229 The (2R dPReERAY ELAMSEEE B 1355 UngR 3 Bl?@ﬁ‘f““t??é“l F%I'tﬁa&tvﬁfﬁaé’ﬁ breaks
away towards wére fhonileofwithea Sﬁpﬁl’ﬂiak:ﬁ)ﬂg lofags0 ki, The atgkakt. tiay8Nwére

there liquid |s re d u 0.and 31 ich open in
t he downcomer §™%T, q%zv%a d“&% 9% tfgge ga% ??aég'%&c? °°%Ita§tm€%° Y PRustrate
the i rrproved pmﬁmé ®fdopheomey| mlaeémla?vr@et bravhe The excdpn iwasent i on,

tests were Capféﬁge@mithnf&lrcs)epmtlﬁv'thys];oeach arrafyedNa el y dirdgetLr of
45 cm_In this colunmm four contact trays were installed with a tray spacing

of 600Y%m ThEORATE atRaYr r"é‘&&sﬁ%"r’éts?‘éxféai’? Hpsevdach %“Wéf’e‘? r"ééha? SHipt 209
and each cont aGbest Eayingas q:raastdedfvmtmm, mmemmswmenum vael puuviibea tray.

The col umm was, qravj.ded wit aration tra arr directly
above a 15 wath co{rjlgza(’::f1 ?e eégegpa?a Ton® efa?g t\"/veer 5e i i%fq\f F¥ed with
5 swirl tubeswasn\d0fg a di arret er of 110 mm and each swirl tube was provided

The ‘column was operated for l;quld flow rates whlch
20 - corresponded to flow parameters 1n the range of from 0.05 to 0.15,
| whereln the flow parameter is defined as (L/G)*(pllpg)k. For these
flow parameters, maximnm gas flow rates corresponding teo maximum
load factors in the range of 0. 20 to 0. 18 m/s were obtained wherein
the load factor 1s deflned as Uq*(pg/(pl-pg) . In the ‘above
25 'defznltlons L is the liqu;d flow rate in m?/s, G is the gas flow
rate in m3/s, py is the liquid density ln kg/m?, pg is the gas
density in kg/m3, and'Ug is the superficial gas velocity in m/s.
The pressure drop over the combinatlon of contact tray and
separation tray was between 500 and 4 000 Pa
30 - Now two examples of columns not accord;ng to the invention are
dxscussed Without the separatlon trays, the maxxmum load factor was
about 0.12 to 0. 10 for the same flow parameters, and the pressure
drop was between 250 and 2 000 Pa. Consequently the'column according
to the_invention'provides a high maximnm load factor at the erpense

35 of a larger pressure drop.



with & U-turn deflector. The net free area of the separation tray was 30%
The col umWRA¥2¥Tkrated for 1iquid flow rates which 20 PCIGRPHWIhded
to flow paraneters in the range of fromO0.05 to 0.15, wherein the flow
paranmeter is defined as (L/G*(pl/pg)[err][err]. For these flow paraneters,
maxi num gas flow rates corresponding to paxinum | oad factors in the range
of 0.20 to 0.18 ns were obtained, wherein the |oad factor is defined as Ug
(Pg/ (Pl [err]-Pg)[®eplacihg thHeesedrrabi@b trays indehe wolugnsccbrdingt tie thequi d

flowrate in r{ﬁl,éhu% 3%&%&'&%; Har1hd dmiéé edel LSal B8 de%quug fensity

in kg/nB, pg is't ensity in the supertidia
velocity in mhs. t'-hl"héa‘ﬂ? assthe nGFo%Feev%?e‘t ﬁé %nﬁ-’f-‘ﬁ@t FW'OFnécﬁ#{eaevntlr ay and

separation t r%ﬁb%%ybﬁmeﬁuﬂlowﬂld né BArkadef3lctors, results NAWal YWser
exanpl es of col ums chor din %ﬁ ggt he inventi op are di scussed. Wt hout

the separ atloﬂ‘aﬁ‘% "h P RE TG s“Bout 0.12 to 0.10 for
the sane fl ow par &retepagateldgtirt fpere g thed seprivksbeetavecpralidedindt? 000
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provi ded with an nnul ar urn deflector. During normal operati h I|qud
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downwar ds is surface area of the ring formed by the rim 40 of the U-turn

20 deflector 34 and the outer surface of the swirl tube 20 is smaller
than the surface area of the ring formed by the inner surface of the
U-turn deflector 34 and the outer surface of the swirl tube 20 at
the top 41 of the swirl tube.

Alternatively entrainment of gas with liquid can be prevented

25 by sealing the opening of the U-turn deflector by liquid present on
the separation tray during normal operation. This design is applied
in the swirl tubes 21, wherein the outer wall 45 of the U-turn
deflector 35 extends to below the top of the weir 47 of the
downcomer 30.

30 To further reduce liquid entrainment, the swirl tube 22 is
provided with a droplet catcher in the form of a widening ring 49
arranged at the gas outlet end of the U-turn deflector 36.

In place of a sieve tray the contact tray can be any suitable
contact tray, for example a valve tray.

35 In the above description of the invention, liquid removed by



converging in dowward direction. This design of the annular U-turn

defl ector a gl)lled in the swrl tubes 20 as shown in Figure 1. The
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deflector 34 and the outer surface of the swirl tube 20 is smaller than the
surface area of the ring fornmed by the inner surface of the U-turn

defl ector 34 and the outer surface of thegswirl tube 20 at the top 41 of
the swirl tube. Alternatively entrainment of gas with liquid can be
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downconer pipes arran i - openings 1 n the separation tray, usi ng
one downconerhighas Jt?ﬂ n§a¥RTt he contact tray below the separation tray. 10

The inventi onf plr ogefdgs mhammumn&mwdla&;:ewsﬁmeczﬁIlunmsdﬁssmt g
entrainnent o I gul Wit as t the next r fra IS re uce .
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factor. Beforgedfoemsiceeohat FontaghbOmiyRETR this fandurefezense disswadesed, 15
attention is éytqceoutage; Sleh sode 9 ﬂa%wmgoﬂel}eli O%Q:L'?gckghnﬁn the

per f or mance o a contacCt tray. To this end reference is de to
operation gas flows upwards through the passages of the contact tray

7 and is brought in contact with a layer of liquid present on the
20 | tray 7. After contacting liquid and gas separate, gas with entrained
' liquid flows upwards and liquid in which some gas is dispersed is
removed from the contact tray 7 through the downcomer 12. The
downcomer 12 is_filled with a gas-in-liquid dispersion. The height
.of the liquid in the downcomer 12 ia proportional to the pressure

25 drop over the contact tray 7. Because this pressure drop is
proportional to the superficial gas velocity and thus to the load
factor, the liquid height in the downcomer is proportional to the

" load factor. Since the liquid height cannot exceed the height of the
downcomer 12, the height of the downcomer 1imits the load factor.

30 To do away with the limitation formed by the downcomer of the
contact tray, it is proposed to replace the crossflow contact tray
by a counter-current contact tray which is a contact tray with no
downcomer.. | . | _ d _ .

Reference is now nade to_FigurelZIahowing an alternative

35 embodiment of the'present invention wherein parts that are similar



contact tray 7 (Figure 1) having downconer 12. During nornmal operation gas
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contact with a layer of liquid present on the 20 tra .

contacting liquid and gas separate, gas with entrained liquid flows upwards
and liquid in which sone gas is dispersed is renoved fromthe contact tray
7 through the downconer 12. The downcomarg 12 is filled with a gas-in-liquid
di spersion. The hei ght of gquid in the downconer 12 is proportlonal to
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separation tr ay, e th nd, £0 JAr | ow,t haf separation
tray; this i rrpl"i"zceég ?lfet%ef'ﬁe % wrnaggrr%f af’g oe'sg%ralr%gfl ke t?é 15 extends to
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(not shown) below the separation tray 16. The éxten ownconers are
referred to wrth reference numerals 29' and 30' For the sake of

conpl et eness, rebefﬁﬁcaoﬂweaﬁdzasﬂoﬁ gherss tsapmeaxhe&@ledcdiwmprm&o&g%
froma separgflon tyay. (Pl SHOWY .2 d2N0SSE Nea e KR 1D e Coy™ L
liquid is supplied to the column 1 through the liquid inlet (not
20 shown) at the upper end of the column 1. In the column 1 gas and
liguid are contacted on the horizontal contact trays of which two
are shown and referred to with reference numerals 6' and 7' to
exchange matter and or heat, and after contacting liquid and gas are
removed from the column 1 through the gas outlet (not shown} at the
25 'uppe: part of column 1 and through the liquid ocutlet (not shown) at
the lower part of column 1,

Gas flowing upwards through the column 1 is contacted with
liquid from downcomer 29' on contact tray 7' and with liquid from
downcomer 50 on contact tray 6’. The contact trays 6/ and 7’ are so-

30 called counter-current contact trays which trays do not have a
downcomer. The name counter-current contact tray originates from the
fact that, at low gas velocities, gas passes upwards through the
heles in the tray and liquid trickles downwards through these holes.
However, the column 1 of the present invention is operated at

35 relatively high load factors, which implies that the gas velocity is



During normal operation gas is supplied to the colum 1 through the gas-
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contacted wt Ilqmd n. cqnt V. WhIC i iS_S |edthrough
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t hrough downconer " to the contact tray 7' arranged bel ow contact tray
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" operate at hi ghers Iooasjufract\mes i%ssbmalaklwaﬁtagérom gas a substantially

20 clear liquid flows through the downcomers 29' and 30'. This implies
that, for the same amount of liquid, the downcomer of a separation
tray has a smaller cross-sectional area than the downcomer of a
contact tray which-has'td accommodate a dispersion of gas in liquid.
The difference is size can.be up to 75%. Consequently the useful

25 : area of the contact trays 6' and 7' is much larger than that of the

- contact trays 6 and 7 as shown in Figure 1.



'is associated with the fact that

ted by the swirl tubes 25
i s subst afY®8¥2557% ree from gas
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flows through the downconers 2% i's inplies that, for the same
anount of |iquid, the downconer of a separatlon tray has a smal | er
cross-sectional area than the downconer-afi a contact tray which has to .
accommodat e a di spersion of gas in liquid. The diffeience is size can be up
to 75% Consequently the useful 25 " area of t 6' and
7' is much larger than that of the contact trays ﬂg“ﬁm'mmmmn Fi gure
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counter-currently contacting gas, and 'ITUlcl_ﬁ_w ng inlets and outlets for
fluids, which colum is provided with a plurality of horizontal contact
trays arrangad aXCiofturhry/ fspamdta:p&ntmutwhemtebm geﬁdﬁdcm&@ath@mg tray
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plurality of horrzon Separation trays rovia %8s and W th
means for re®eviIrpthi (pendaty mrmersvmdanmlvrmaceém:sepamaeu on tray
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swirl 5tube S 1‘;‘)Irow ded with an annul ar ﬁ-turn | ect or "arrange over t he
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in that eachtesyd aebvidedywith pwindi daledrahdd va.tda\mmnmz Qaﬁ&h% i—ft;uid
bel ow the contact..tra ording.to cla racterized
in that the rrtégt(r&]s he oré/paratﬁnng%:ﬂq %‘fs Fom tﬁgnsterﬁgr a?’lnanaf#aé?e (foPY%es a
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or

downcomer openi ng bel ow t he contact tray, and wherelin the neans
renovithg 1i qfird FPOTRt RECEGHRT 41 G4 4y WhSERiRISa<H SPBRACTRERY difeni ng i nt o
t he downconeprofidelewirhng addwntémst dPening bdldWOvhd Rentfitatady,on tray.

3. Column according to claim 1 or 2, wherein the means for

removing liquid from the separation tray includes a downcomer
opening below the separation tray.

15 4. Column according to claim 1, wherein each contact tray is
provided with a downcomer opening below the contact tray, and
wherein the means for removing liquid from the separation tray
includes a downcomer opening into the downcomer of the contact tray
below the separation tray.

20 S. Column according to claim 3, wherein the downcomer of a
separation tray opens on the second contact tray below the
separation tray. .

6. Column according to claim 1, wherein the means for removing
liquid from the separation tray includes a downcomer opening on the

25 second contact tray below the separation tray, and wherein the
contact tray is a counterflow contact tray.

7. Column according to anyone of the claims 3-6, wherein the outer
wall of the U-turn deflector extends to below the top of the weir of
the downcomer.

30 8. Column according to anyone of the claims 1-6, wherein the

. surface area of the ring formed by the rim of the U-turn deflector
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5. Columm according to claim3, characterized in that the downconer of a
separ at i orlgér pens _on -t} ag contact tray below the sejlgar ation tray.
6. Col um E%P@E&IHASLBEEM acterized in that 30 CTER®/HEHns for
removing liquid flromtgyepcepaDation|tray i ch udes a downcomer opening on
the second conta T B&I ow t he Separation tray, and
wherein the contact tray is a counter-current contact tray. 7. Colum
according {0 aPiOe BhedSufdsdlBr b svilE AfteCLd Z&Qn& e dldCuber Wall
of the U—turn | ector extends to bel ow.the

downconer . a@? l?rﬁ‘nt%% PR fagred bynfmdnper t’Héf%‘FeaPFrst@ Brtyiadegiectoy ed |
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def | ector andtt e outer surface 10 of the swirl tube is smaller than
the surface ar of the ring formed by the inner surface of the U-turn
def | ector and 9 he Coltruy ageoxdine t abyrnesof rthet cladmat 1+thewheeinf thehewssl I |
tube. 9. Colu e e

characteri zedqpﬁéét:h%dlﬁw&l&&r m?lrj, gg&g'treg ?)féoc\i}lbgsadé ?T‘fl gtdt?t:)epfje °ut T
arranged at ti¢8dis thetYdurefiefdectiofe U- turn deflector. 23 JAN 1996
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