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| a horizontal tray (3, 5) comprising a plate (6, 7) provided 15 27
with a tubular gas/liquid contact device (8, 10), which 32 32
tubular gas/liquid contact device (8, 10) comprises a 25
contact section located (12) below the plate (6, 7), a 30 ,
separation section (13) above the contact section (12), and 20
an outlet section (15) above the separation section (13) and 21~
located above the plate (6, 7), wherein the contact section M. H 1 B
(12) closed at its bottom, wherein the wall of the contact 3 : E—M H |
section (12) is provided with a plurality of tangential gas 12 3 | - : =
inlets (16), wherein a liquid delivery tube (19) opens into w4 N~ IRt
the lower end of the contact section (12), wherein the outlet o H I
section (15) comprises a gas permeable wall provided with 8
coalescer means (25), and wherein the top of the outlet 19 “8
section is provided with a cover (27). -
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(54) Titlee COLUMN FOR CONTACTING GAS AND LIQUID
(57) Abstract

Column (1) for contacting upwardly flowing gas
with downwardly flowing liquid, which column comprises 1
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25 perforated plate. Gas passing thfough the holes in the perforated *

plate is contacted with the liquid on the perforated plate. Excess liquid
is withdrawmn fromthe perforated plate through the downconer, and is
delivered onto-the next |ower perforated plate where contactlng conti nues.
It will be understood that when the perforated 30 plate is the

| ower nost perforated plate, liquid flows to the |ower end part of the
colum fromwhich.it is wthdrawn through the outlet WO 96/ 04056

PCT/ EP95/ 03033 -2- for liquid. Gas energing fromthe liquid |layer flows
upwardly to the next higher perforated plate where contacting continues. It
wi || be understood that when the perforated plate is the uppernost
perforated plate, gas flows to the upper end part of the colum from5
which it is withdrawn through the outlet for gas. The present invention -
relates in particular to a colum for contaeting—gas and |iquid, wherein
the horizontal .tray conprises a plate provided with a tubular gas/liquid
contact device. The.tubular gas/|iquid: contact device conprises a contact
section | ocated bel ow 10 " the- plate a separation.section above the
contact section, and an outl et section above the separatlon section and

| ocat ed above the plate, wherein the contact section is closed at its
bottom wherein the wall of the contact section is provided with a '

plurality of tangential gas |Mfgﬁgzaﬂgﬂéa4L£L¢+qu4d dellvery tube opens

into the
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i [ d wherein the outlet section

15 f the contact section, an _ _

has a gas p§§§8§@ﬂ§?ma|| provideq y\Ath.coalescirlgze;)air_:z.6 Srﬁﬁfﬁ@ﬂfﬁgﬁz S
closed in British patent specification No. :

ggiice t he gas perneabl e wall provided mnthlcoalesc$r negzzegfn;Pglougkgt

[ [ [ of exp ,

section conprises two concentr!c 20 ayers _

t he outletngection IS open at its upper eﬂdn-Durlng nornal operatlon et

upwardly flow ng gas enters through the tangential gas inlets into con

ect i G dis supplied
f the tubul ar gas/| ntact device, and |i qui
fﬁfghgﬂ ?he liquid deli 8ery Eg Foi CONBET NG F’P‘FEAFB\MPU%H of the contact

' I qui ' ' di spersed by the
- section. Liquid entering into the contact section is
swirling gas, and iThedpsqsentaavemyioh! iduidk ks £QBf tf% ‘é"('ft h ?,e{,fg gThe

/1iquid
fluid t he sep ration section 0 as

g\cl)mn[ Ltlctn gdev:“ce ElImng{ﬂg?'e fgge%é‘?a‘{ 'g‘eﬂ?‘f"b’ﬂ“ﬁyqﬁ&‘ﬁ'ih%\lésu%@-wdsr wader the
30 i nf | ueREABSESr masm.r héau:gahd moneramdndwedn khe @QL&&QtﬁQhOEBltuﬂﬁ‘s | nner

tyi; Gas and id enter into
The. outl gt sect pane e ogs Toand AP REL MR 43R5 OR% chel e Lizgnn

7 "? Egda‘fﬁjrjt}ﬁﬁ?P’ﬁ'tﬁe%ﬁé#FaGMr akgrdptiomdand gtiibpiefl esces
gas/liquid contact %F € e
on the expanded net¥l the opecilfécstioh o HCddiastion iﬁﬁa@ébetweenp%ﬁ%%ba 03033

96/ 04056 vapour; the word ‘gas’ also refers to vapour.

-3 . A celumn for contacting upwardly flowing gas with downwardly
flowing liquid is normally provided with an inlet for gas arranged

10 in the lower part of the column, an inlet for liquid arranged in the
upper part of the column, an outlet for liquid arranged in the lower
end part of the column and an outlet for gas arranged in the upper
end part of the column. In general there will only be one outlet for
gas which is located at the upper end of the column; however, the )

15 column can be provided with more inlets for liquid and gas and with
more outlets for liquid, the number of these inlets and outlets and
their locations depend en,the application;

In the column there is arranged at least one horizontal tray
upon whicﬁ, during normal operation, liquid and gas are brought into

20 . . contact with each other. An example of such a horizontal tray is a
perforated plate provided with a downcomer,

During normal operation of a column provided with a perforated
plate having a downcomer, liquid is continuously supplied onto the
perforated plate and it is collected in a layer of liquid on the

25 .. perforated plate. Gas Passing through the holes in the perforated
plate is contacted with the liquid on the perforated plate. Excess
. liquid is withdrawn from the perforated plate through the downcomer,
and is delivered onto the next lower perforated plate where
contacting continues. It will be understood that when the perforated
30 © plate is the lowermost perforated plate, liquid flows to the lower
end part of the column from which it 1e'withdrawn through the outlet



As the upper end of the outlet section is open, a large amount of liquid

can be entﬁal Eﬁﬁs ith the gas |eaving the outlet section Sﬁﬂﬂ%sbias upper
end. To reduce entrai nment, an i nproved tubul ar gas/| i qui-d cont act

devi ce was proposed, and this device is disclosed in 'Mthemati cal
description and anal ysis of mass transfer mechani cs in contact equi pnent
with vortical concurrent streamflow by2N | Saval'ev and N A Ni kol aev,
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annul ar defl ector arranged over er e open en
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t he upwardly L‘L'{Qﬁ%&g‘gg&s !‘§‘f qué& eact % h*?ﬁ]&f“%@;f ned %ﬂ:r’lrit he gas is

separated from S°C¢Sl lected
on the 20 Platecerrm@ﬁd W *awdt@ehwwltla\w ?FtFthaﬁeVi-ﬁ smr Gubylars

subsequent |y aémmq@woxﬁast Qeic e&ﬁ:uhst Beconeidd Se&tfioh NBcHBSES v@iowupwar dl 'y
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It is an obj egiat@f ¥haCeid BRERbnEdALCIULOSh LY L1860 Lt 18 BORYA! wherein - q
the wall of the_contact section is provided with a plurality of
tangential gas inlets, ﬁherein a liquid delivery tube opens into the

15 lower end of the contact section, and. wherein the outlet section has
| a'gas permeable wall prov1ded with coalescer means.

Such a device is_disclosed in British patent specification
No. 1 123 546. In the known device the gas permeable wall provided
with coalescet means of the outlet section comprises two concentric

20 layers of expanded metal, and the outlet section is open at its
upper end. S ,

During normal operation upwardly flowing gas enters through the
tanoential gas inlets into contact section of the tubular gas/liquid
contact device, and liquid is supplied through the liquid delivery

25 tube to the lower part of the contact section. Liquid entering into
the contact section is dispersed by the swirling gas, and in
dispersed forn liquid is contacted with gas. The swirling fluid

- enters into the separation section of the tubular gas/liquid contact
_ device. In the separation section liquid moves outwards under the -

30 influence of centrifugal forces and it is collected on the inner
surface of the wall of the separation section. Gas and liquid enter
into the outlet section, and gas leaves the cutlet section of the
tubular gas/liquid_contact device through its open upper end, and
liquid coalescesion-the expanded metal from where it:trickles on the

. 35 plate. '
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e with the gas |eaving the above-described tubu
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t abl
ext endi ng dommp‘rogsq-golggwgsﬁllgeogngggl,&r qlslll( .9 ’gwc ntact devi ce. UI y

ogii, Vol. 23, No.
t he gas.perneabl e wal | Prow escer 8 ’ ’ 4,
1 _ pages 435-444, July-August, 1989.

In the latter gas/liquid contact device the gas permeable wall
provided with coalescer ﬁeans comprises an open-ended tube having a
cylindrical wall provided with tanéential outlets, and a U-shaped
annular deflector a:ranged over the upper end of the open ended -
15 tube, which annular deflector has a skirt extending over the
tangential outlets for eollectin§ liquid. Se that, during normal ’
operation, part of the upwardly flowing gas is deflected and liquid
entrained in the gas is separated from the gas.
' Applicant had found that some liquid is collected on the
central liquid delivery tube and that this liquid is subsequently
blown away and entrained in the centre of the mass of upwardly

20

flowzng gas. Since this gas is not deflected by the U-shaped annular
deflector, some liquid still leaves the open-ended outlet section
with the gas. Therefore:the separation of gas and liquid is not

25 complete. _.

It is an object of.the present invention to reduce the amount
of liquid entrained w1th the gas 1eav1ng the above-described tubular
gas/liquid contact device. .

To this end the column fer centacting upwardl& flowing gas with

30 downwardly flowing liquid according to the present invention is
| characterized in that the top of the outlet section is provided with
a cover. _ o _

The cover closes the upper end of the cutlet section and thus

tne cover deflects'durinq.nermal operation the upwardly passing



of the outlet section conprises a tubular [ayer of coalescer 15

mat eri al , %ﬁ/ﬁiﬂg the inner dianmeter of the tubular |ayer pipppsiadsst 0 or

| ar ger t han Ot hedut er di ameter of the separation section. The size of the

i nner dianeter of the tubular layer is so selected that liquid collected in
t he tubul ar | ayer of coal escer materi al can trickle into the space outside
the tubul ar gas/liquid contact device 20t ~and onto the plate. In order
that the resigi,99Ge tfaclas Elow Hwaughome thel Qb e rhaatae wf11coal escer
material is not too hi ht1 e .free area of the tubular |ayer of coal escer
material is Ipéf’ﬁ’eqedt?ﬁ’iﬂ‘ 121884l ™38 bet ween 1 and 1.5 tines the
cross-sectional &healighid delivebyltabe glediverguliduidringetthdeladwee.pa2§ of

Suitably the &Q%&%Q@J sg@éi%m@é twcchy&h%a sl/@y&ﬁdoéon@w@ed&ciemhal whi ch
is a sheet of netal that is.slit and stretched into a | attice. I\/bre

suitably t he XG&tBSER CoRAITEPT Hbe RRFHFIEAL ‘offgl'é’ag’f“‘?\/\b"’c&@ﬂﬁfrl c layers of

“expanded net ajas/Tenidponvactt doricepRredindn 0l té ghigd ehd dmléetepgaimgt| owi ng 30
through the o3 RRLTRARLE iR} loePbi h;gséﬂawJaf;/f&%ks%ﬁﬁa&emcgfabws out I et

section, the out section rises two or nore coal escer strips
arranged at ridgURRRizPRRRdrYAVs MBS i-i'fé‘iBLFl’éF"%‘in FaRGelbeorMEtgdPYper meabl e
wal | provi dednedhé ho£COippe§ CRAdURANES thé obbﬁdgaomeda\qnmmym eenlt act

op LS P e et e aansar w8 AL ), OLRALS Ll 2N e al;gRg inlets

whi ch™are arr&@hged a
PCT/ EP95/ 0303glivery tube is a downcomer tube extending downwards through the

' tubular gas/liquid contact dev;ce._ _ ' "

Suitably the gas permeable wall provided with coalescer means

of the outlet section comprises a tubular layer of coalescer

15 material, wherein the inner diameter of the tubular layer is equal
to or larger than the outer diameter of the separation section. The
‘size of the inner diameter of:the'tubular layer is so selected that
liquid collected in the tubular layer of coalescer material can
trickle into the space outside the tubular gas/liquid contact device

20 " and onto the plate. In order that the resistance to gas flow through
the tubular layer of coalescer material is not too high, the free
area of the tubular layer of coalescer material is larger than or
equal to between 1 and 1.5 times the cross-sectional area of the
tubular gas/liquid contact device.

' 25 Suitably the coalescer material includes a layer of expanded
metal, which is ‘a sheet of metal that is slit and stretched into a
lattice. More suitably the coalescer material comprises at least two
concentric -layers of expanded metal. |

' To improve the separation of liquid from the gas flowing
30 through the gas permeable wall provided with coalescer means of the
ocutlet section, the outlet section further comprises two or more
' coalescer strips arranged at regular intervals along the'outer
surface of the gas perneable'wall:provided.nith coalescer means.
In the known device, the'contact'section is provided with

3s several elongated tangential gas inlets which are arranged at

¢
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I El&‘E i on of
acconpanyi ng drg schemat i Cal
t he (r:rgl um accorghng fo°0f}t,\%}éeg VALASIEY . axial direction the elongated

tangential gas inlets are replaced by a plurality of tangential
inlets arranged in columns. Each tangential gas inlet comprises a
18 _ tongue which is bend to the inside of the contact section, wherein
' the height of the tongue is small compared to the height of the
contact section. The height of the tongue is suitably less than 10
percent of the length of the contact section.

Sultably the contact section is provided with two or more of

20 " such columns of tangential gas inlets, wherein the columns are
arranged at regular intervals along the circumference of the contact
section. ' _
| The invention will now be described in more detail with
reference to the accompanylng drawing showing schematically a cross-

25 section of the column according to the invention. -

The column 1 for contacting upwardly flowing gas with
downwardly flowing liquid according to the present invention is
provided with an inlet (not shown) for gas arranged in the lower
part of the column 1, an inlet (not shown) for liquid arranged in

30 the upper part of the column 1, an outlet (not shown) for liquid

' arranged in the lower end part of the column 1 and an outlet (not
shown) for gas arranged in the upper end part of the column 1.

In the column 1 are arranged two horizontal trays, an upper

horizontal tray 3 and a lower horizontal tray S. The horizontal

.- 35 trays 3 and 5 are located between the lowermost inlet for gas and



The colum 1 for contacting upwardly flow ng gas with downwardly flow ng
l'iquid ac o the present invention is provided wtpP-~fppdsiph@ds (not
shown) fo(r:&ggggg?éranged in the |lower part of the colum 1p an |n|l’et (not
shown) for liquid arranged in 30 t he upper part of the colum 1, an
outlet (not shown) for liquid arranged in the |lower end part of the coI um
1 and an outlet (not shown) for gas ar r‘aﬁg‘ed in the upper end part of the

ﬁol um t1 | In éﬁaeoealeumrlgﬁr e'rlﬁé mawegoéllwgnmr tx?e‘}'_?_ﬁ aéc,ﬁshas)é ataln upper
ori zonta wer hor.il zonta e horizont a -
trays 3 and SE%rlém%Sga‘f%@&ebsePﬁ%"éﬁe? Wétﬁ‘o"\)\?@r'f%ﬂ'cﬁlnF‘&i“lfbrgaﬁéﬁé'qHHi WO

96/ 04056 contact devices 8 extending through openings in the plate ®;CIndER8&/ 03033

-6- the outleioJeQrh&%omlbecaa?psercomiszmt ﬁérit;&aan%%&m? fld fulu.zont al’
pl ate ? provided with two ver t ubul ar contact devices 8

ext end? ng t hr REgHETPERT TRuYan 937d it capta Ge‘fih’é }bRErenddng FBFAUIR tray 5
conpri ses a hat iopemingl izpltaé eplitepnow ded with 5 "~ one vertical tubular
gas/liquid conta e e R r [ the plate 7.
Each of the tubulc%rcqgéa/lfsfﬁl o%gtyéc?quggv%gggc%g?ﬁ%ggoﬁggé rlrol ses. a contact
section 12, aCWEM?cﬁ?nEﬁﬁ F%ﬁ?ii’s J\K,hl%H“-P%‘aﬁ%‘?“aﬁg@'d-°ab’é"vl§h1tq#eltont act
section 12, asskadgeddbdwrl theebitadt lfactlon 12, anmnc&usca;ercam;eds above t he
separghi on SCliRMN e 3 rall18 GROIAChe SRELLRNS, Joclion' 1 RAPULALGAS/ 1 ui d
contact devices are ¢

sectiqns 12 of the tubular gas/liquid contact devices 8 are located

below the plate 6 and the outlet sections 15 are located above the '

plate 6, and the contact section 12 of the tubular gas/liquid
contact device 10 is located below the plate 7, -and the outlet

15 section 15 is located above the plate 7. The contact section 12, the
separation section 13 and.the outlet section 15 are in fluid
communication with each other. ' ' B .

The wall of the contact section 12 is provided with'a plutality
of tangential gas: inlets 16 Each tangential gas inlet 16 comprises a

20 tongue which is bend to the inside of the contact section 12, the
height of the tongue being small compared to the height of the
contact section 12, and the tangential gas inlets 16 are atranged
one above the other in a column 17. For the sake of clarity not all
tangential gas inlets are referred to with a reference numeral, and

25 _ the tongues have not been referred to with a reference numeral.

The contact section 12 is closed at its lower end by means of a
.'cover 18. A liquid delivery tube 19 opens into'the lower end of the
contact section 12. The liquid delivery tubes 19 of the tubular
gaslliquid.contact devices 8 are connected to supply conduits'ZO,

30 which have inlet openings 21 opening'aboveithe'plate 6. The liquid
delivery tube 19 of the tubular gas/liquid contact device 10 is a
downcomer tube 23 which extends through an opening in the plate 6
from the next higher tray 3 downwards through the tubular ‘gas/liquid
contact device 10, which downcomer 23 has an inlet opening 24 which

35 * is located above inlet openings 21,

Y



; d above the plate 6,
he plate 6 and the outlet sections 15 are |ocate

gﬁ::lo}t,vhfa cogt“é‘&?“"?@?ﬁ ion 12 of the tubular gas/li qU| d co?t acrcllgmn{s:nrn;igt Iez

ted below the plate 7, »and the outlet 15 ssection

ng\e}eet he plate 7. IOThe contact section 12, the separ ation section %_ﬁ andII

the outlet section 15 are in fluid comrunlh-y:atllon w:tth eg?htg;gg:ﬂlal eg\gg
contact sectjon 12 is provided with a plurality

?LI te'? g 16 Each tanééﬁﬁ“ﬁf‘“gég‘:‘iiﬁf‘e]ts RSP AT De2@able wall beﬂﬁ.ﬂedV\lhl 02

i's bend to the “ihsicdelefcet easozsacthesesyt b8Mtnt2outhbe dagi Gt §9f the tongu

tion 1
small co t of the contact sec
?:Inggntlal gas@ﬁfﬁig ‘%gkgfggg%xrggs ed one above the other in a coI um1 17.

For the sake of cl APt 199 RAT™eAbLle  wald cpnovidedynitti pballescear eedmf @5red t0 With

a referénce nurerpdiseandudfiar layer dfheoglgggé&eﬁemvgn Qﬁosegﬁaﬁg g‘ffgrlrg\c,i\eﬁ Oend

th a referen etcontact sectiqgn 12 is c
\tl)my nmeans of a %g?/%urﬁqg%élli\y%g o FEReY dRvat #le the Hﬁ\?ﬁs"ilagﬁ’téj;t htégsgﬁ}l\g end
of the contact *4ekarolayep. °fTH@31|eF€ﬁH deats| iy @qyal thesr FPedd £l sego ul
gas/|iquid conboatér deatietes of et s&GRARREGCLedt E q{gp%y tggngmg Btz del i very

Llbe 19 0f the THUBUESYS §5e5 Frg Hepe i pnapcion Lo Tor istintdomséonss ¢ ube 23
whi ch ¥t ends Enreggrammrieentwegcsalesdrar ptlpe fz Ei’:ﬁﬂgme,tngggulm gher tray 3

evi whi ch downconer
czigv\n;\;\./i‘sﬂr g?] ;[ m g;ﬂﬁgeprgﬁlﬁsntaﬂbt% @ﬁe Q@éérl 'sgwaq.e o@‘: tpeameoﬂyés %Wn%i""%ﬂfé‘m ngs

coalescer means 25.
21. During normal operation liquid is continuously supplied to the
inlet (not shown) for liquid arranged in the upper part of the
15 . column 1, and gas is continuously supplied to the inlet (not shown)
for gas arranged in the lower part of the column 1. Liquid supplied ’
to the upper end of column 1 is collected on plate 6 of the upper
horizontal tray 3. Part of the liquid flows through inlet openings
21 into the liquid delivery tubes 19, another part of the liquid
20 flows through inlet opening 24 and downcomer tube 23 into the lower
end of the contact section 12 of the tubular gas/liquid contact
~ device 10, and the remainder of the liquid remains on the plate 6.
Upwardly flowing gas enters through the tangential gas inlets 16
into the contact sections 12 of the tubular gas/liquid contact
- 25 devices 8. Liquid entering into the contact sections 12 is dzspersed
by the swirling gas, and in dispersed form liquid is contacted with
gas. The swirling fluid enters into the separation sections 13 of
the tubular gas/liquid contact devices 8. In the separation sections
13 liquid moves outwards under the influence of centrifugal forces
30 and it is collected on the inner surfaces of the walls of the
separation sections 13. Gas and liquid enter into the outlet
sections 15, and leave the outlet sections 15 of the tubular
gas/liquid contact devices 8 through coalescer means in the form of
the two concentric layers of expanded metal 30. Liquid is collected

. 35 on the coalescer means and trickles downwards on the plate 6, and
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PCT/ EP95/ 03033 The outl et section 15 corrprl ses a gas per
provi ded WP escer means 25. The top of the outl et Q@?&M@sl S

provided with a cover. 27. The gas perneable wall provided with coal escer
means 25 5 - conprise a tubular |ayer of coal escer nmeans in the form
of two concentric |ayers of expanded net & -30, the I nner di aneter of the

tubul ar 1 ayer .ol A0Al SRk RISl £ B0 PLOTRRIALA AR LS Ao

di ameter of the separallon section S6 that th ayer S over
the separati oft&@®st 3pithich imgreve fbeeterssrtionn ang @uce the %F%WFn*borrprl ses
two coal escer o$triigpsd 33 Werq&sgemeat:we&gm a!’efle[Htel’ﬁl'ﬂ| ﬁpw'ih:@];}g fléangut er

surface of the, &aﬁssgq__rhgga}_tglgl\u?limgr%v coa et-sb:-'agoal escer nmeans 25. During

normal operation lrquid i's continuou 0 tHhe inlet (not shown)
for |iduid arrang&® dape itheradpct fpa’if*!ero‘wrﬁth@tis tray (nogothemm) Bbovmd gas i s

continuously . sHeRIpb&F nbeidoheal BESE 3( Nfak SNQYIYacted WIS 1a4iRNeednkn t he

| ower part of t um 1. su e end -of oI um 1 is
col | ected on aégéevfc?’hé“ pgg?mhorﬂfjgg & g?'%’é&"‘fgg%ﬁf BPYe ﬁ@ l'i qui d

fl ows through lmnielt fiyemfitgs ceataqting ttheoughqriddwaimey elnpt tabbws) #8tc anot her
part of the | ?ge’téj 62Gnd in casd tRVMVSphdY HU&*}oh&heEré&pQrEsPQh@%p?MoQPV\“CO”Er

tube 23 into the |ower end of the contact section bul ar
gas/ | i¥qui d cofPEZE RN FERY: 1978 ﬁmstﬁ%tf‘éri’ti’?ﬁﬂéf’do‘?f Ehfe P 4 5¥8%mi ns on
the plate 6. Wpir dt\isf kiEMifgmytsoegh ehe dutlenighr igae (nangeheivhil agldni Nl et's

16 into the copiAChss 3¢kl Supbtidd cb m%etﬂ%uké‘&n%s/ﬂ'&Bbﬂe%"ﬁ:%%hy 4

-

onto the plate 6.
Liquid flowzng through the downcomer tube 23 is passed to the
15 lower end of the tubular gas/liqu;d contact device 10 pertainxng to |
the lower horlzontal tray 5. In tubular gas/liqu;d contact device
10, gas and liquid are brought in contact with each other in the
same wsy as described above with reference to the tubular gas/llquld
contact devices 8. Liquid leavxng ‘the outlet’ section 15 of the
20 tubular gas/liquid contact device 10 is collected on the plate 7 of
the lower horizontal tray 5, and excess liquid is removed from the
lower horizontal tray S through downcomer tube 35 extending through
an opening the plate 7. '
In case there is a further horizontal tray (hot shown) below
25 " the lower horizontal tray 5, downcomer.tube 35 opens into tubular
"gas/liquid contact device (not'Shown)'of'that'further horiiontal
tray; and in case the lower horizontal tray 5 is the lowermost
horizontal tray, liquid is discharged into the lower end of the
_ - column 1 from which it is withdrawn through the outlet for liquxd
30 {not shown). B _ ' - '

Some experiments have been cirried out to show the effect of
the gas/liquid contacting device of the'present invention. In the
two experiments four'horizontal'trays were.provided with gas/liquid

'.contacting devices, water was used as the liquid and air was used as

) s the gas. The first experiments were done with the prior art device,
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gzsspersed by t%gmgavsxfrl ?ng gas, and in dispersed formliqui dFCIEPBHBBE ed

with gas. The swirling fluid-enters into tEe sepaba?@og zggiggﬂz ig Frthg
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bul ar gas/liquid contact devices 8. In
;gves ou?mardsqunder the influence of centr#fugal forces 30 and it is

i tion sections 13.
th r he | | s of the separa
Gas and 11qui d epter | rpitheesuii Balheghiden 'S Sltnchs penmeut | o
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' d trickles
is collected 35¢pe tog B b 0%eRAeSS Ghny a%nginagnrgounted on the upper end of
pl ate 6, .and WO 96/ 04056 :

PCT/ EP95/°03033 (A8 Wi SBFftan dFach Haapincbedesicetdven uieds adseniviayi ded Wit h

) . : a i educe, t he
coal escer stri ps$nB&nahidiiméteRr 6%/ 8ot RER 5?42%9%(3??2!&7@ T)éegﬂfp\%ﬁﬂgﬁ

e O Ko LB p Lot ol ST e e
|n choe there | $essieipt isor fouritopt ahcs (Ergvideal withONEkv ARV £odoif AP RS

i S5 ' Il qui.d in cont act devices_(not
Pty o chot Lo Cporossanton sbbiling B il Mok 16t
tS h(r)\(l)muzghqg domc%ﬁ% FOT 8Te SHOWMH) ThAHTItR she ertraimtent) atas @as HwadpgEeD. 70

horizontal tray™& ssth@3uppernost 10 horizontal traﬁ,_ ga?‘ Ilhngut |Oet
t he upper end of thg, QQL LHEQVJ‘ rfe.E&msVMeC Qntl'.rtaiiugen\{:m Esh?:{xeavw\gl&mer gggliquid
for gas (not 'ShSX¥ELinéﬂqgel Qnit of time di#ide& by the volume of liquid supplied
- to the column per unit time, and the gas load factor is the volume -
15 . of gas*shpplied to the contact device per unit time divided by the
area of the gaé/liquid contacting device times the square root of ’
the ratio of the gas density ovef the liquid density minus the gas
density. With the tubular gas/liquid contact.device according to the
- present invention the entrainment of liquid in the gas leaving the
20 outlet section of the tubular gas/liquid contact device is
substantially reduced. |
To improve contacting, the lower end of the contact section 12
of the tubular gas/liquid contact device 10, under the lowermost
tangential gas inlet 16 is provided with a vortex breaker in the
25 form of a vertical flat platg 38 arranged on the cover 18, the lower
end of the liquid delivery tube 19 rests in recess 40 in the upper
edge of the flat plate 38. The vortex breaker may as well include
two flat plates, wherein one flat plate is in the plane of drawing
(like flat plate 38), and wherein the second flat plate (not shown)
30 is perpendicular to the plane of drawing.
The outlet section 25 can comprise more than the two coalescér
strips 32 which are shown in the drawing, for example between 3 and
5, all coalescer strips are suitably arranged at regular intervals

along the outer surface of the gas permeable wall provided with



this case liquid supplied to the liquid inlet is supplied directly onto the ’
plate 6. Liaguid flow ng through .the downconer tube 23 is passe the 15

| ower end ‘58 *085¢ ubul ar gas/liquid contact device 10 per?ﬁ%ﬁ%ﬂﬁ@g t he
| ower horizontal tray 5. In tubular gas/liquid contact device 10, gas and
liquid are brought in contact with: each other in the sanme way as descri bed
above with reference to the tubul ar gas/W qui d contact devices 8. Liquid

| eaving the 0u$41%5céeﬁéérﬁnzsl5rﬂé Wibiéh 2@ a coalescgytyﬂ:?g igaai!ol.lf G oL 0Nt acé

device 10 is col ecte on lgate?o the | ower horizontal tray 5, an .
excess |iqui d*7% 1PRIFGVRY "f’?cﬁ’nr ‘H‘é"eFfﬂﬁér°%GFFz‘-’6ﬁt%ﬁmﬁ?b&§ walllar ough” downconer
t ube 35 ext endi ngriehecoasghsetiapeti te thmlpt gjas/lAquid ceAtet! dhlieeias a

f urt her hOI’I ZQNC%LS&{)@Y%QQferinQML al%l y%wgég is J.Ircuiﬂe Jlo Ve\@rg Q%éezont al

tray 5 downconer opens 1 nto. gas/Tiqui 4 ‘Cont act vice (not -
shovvn) of thaPrqsﬁrﬁfé"F-“hGPPz‘%fn?%tllygt’?ﬁy“ &%4Li n case the lower horizontal
tray 5 is the | onwer Bl bBOUndéesdoall thad8Ythel 1m|=deﬂd3oﬁlltas halggedsl dbmwﬁrir he

| ower end of u},e ?9':{4@1@1&\,\%43%€pe lgwems ttgtﬁj%a thLoCligh; gg outlet for'.

l'iquid 30 experi iren ot to
show t he ef f ethatef dyding fospa); qmwe@ht BEquid prgesntc én dthet krwep r%@eﬂt

invention. |neidieot \Mneee@eiweami&ﬁu cmrabzqabﬁéest 5 YR aly ed ded with
gas/ i gw d cogt a(itl 9 dewg& ¥va e‘ga rr%ﬂf he tiquid and ai [, was
used d LR LY S 1Y oF SRR S eed S5 ReEh PR | or
art devi ce, each of the contact tubes, the wall of each contact tube is provided
'  with a small ape'rt_ure ‘(not shown) 'arra_ng_ed above the plate of the ‘
horizontal tray"' to which the contact' tub'e pertains and below the .
inlet openlng 24 of the dcwncomer tube 23 To allow emptying the
- 15 ' lower end of a tubular gas/liquid contact dev:.ce, the cover 18 at "
the bottom of the contact section 12 is provided with a small
. aperture (not shown) . The size of the apertures in the wall and in
the cover is so selected that the presence of the apertures does not

adversely affect the separatxon performance of the tubular

20 gas/liquid contact device
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an internal dianeter of 100 nm 10 For the sarre liquid flowate
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{181 PrHErHYi ded by
entrai nment is Lqui d entrain ni g
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factor is the VoPlafe QEPVided withhfa gamlstigab/Eduid cbhitactOddaet, JayLce per

I |d contactlng devicce times the
gghgr teI gsgo? | \(;:‘ d?g;h?baﬁwm?ﬁa g;ntglsg@ggﬁiélet l'xg'%vé&?e”t Ae“IFaTh d°efdRBi ty ni nus

Wetdhg?lr?é’ Y}tﬁ)ﬁ} r FaSPPRRIGien cortiiantatdeeithe emeactli ng t o
Eﬂg S?ngﬁ? s: ;&GHH@H 4ridoarm it bt B&Iti ol fabbid] ¢he deBaH’c‘ioﬂas%ch'q%V% [ the 20

tact device antlally
feduced. To ?@%@%*ﬁ%“ni"gt‘%‘?ﬁ A, LS, OOy oot reciion deccioset hen 12 of
£

the tubul ar Bi &Fﬂ“’cB’i’ﬁ‘&é? thevfadd af therdatadtheedtau® 180Sdovided with
a plurallty of tangential gas inlets, wherein a liquid delivery tube

10 opens inte the lower end of the contact section, and wherein the
outlet section comprises a gas permeable wall provided with
coalescer means, characterized in that the top of the outlet section .
is provided with a cover.
2. Column as claimed in claim 1, wherein the liquid delivery tube

15 is a downcomer tube extending downwards through the tubular
gas/liquid contact device.
3. Column as claimed in claim 1 or 2, wherein the gas permeable
wall provided with coalescer means of the outlet section comprises a
tubular layer of coalescer material, the inner diameter of the

tubular layer being at least equal to the outer diameter of the
separation section. '

20

4. Column as claimed in claim 3, wherein the coalescer material
includes a layer of expanded metal.
S. Column as claimed in claim 4, wherein the coalescer material
25 comprises two concentric layers of expanded metal.
6. Column as claimed in anyone of the claims 1-5, wherein the
outlet section further comprises two or more coalescer strips
arranged at regular intervals along the outer surface of the gas
permeable wall provided with coalescer means.
30 7. Column as claimed in anyone of the claims 1-6, wherein each
tangential gas inlet comprises a tongﬁe'which is bend to the inside

"‘§-~h‘%‘\“““4-—‘ﬁ
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tangential gas inlet 16 is provided with a vortex breaker |n the 25

e g R o o 5 o Lorcvmeemer v o

flat plate 38. The vortex bteaker® may as well incl
wherein one flat plate is in the plane_qf, draw ngj(Li
wherein the second flat plate (not shown 30 T SeR e ROl C L 3

pl ane of dravéfghe Ebstaetit seeti@nCthohedhtcan therqongwebaﬂrgesmﬁan the Two

coal escer SUIfRBsild WIAD figne 38 Whe! %TI&Q& QL0 anliOlneeyARhe Detween 3
and 5, all coal&scer stri re suita arrange regular i1ntervals

al ong t he outt@ngentiphgas nlﬁh’é agasarﬁeméameea’e\%ﬁel t‘i!ﬁ GGP?feél“vﬁ g e V'0)

96/ 104056 8. Column as claimed in claim 7, wherein the contact secti&¥CESEP95/ 03033
- 10 -, coal escer d bout 10% of
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Cross- sect i oncadfmphere utsa#raedﬁrwﬁardnéema&etﬂaem%e deopmiecer®etf wi t h
reference to ¢fae.- 42wk N@ctonCi rcul ar, however, the 5 Cross-section
can be polygonal as well. It will be understood that the |ower end of the
liquid delivery tube 19 is arranged under the | owernost tangentl al gas
inlet 16, so that, during normal operation, liquid present in the | ower end
of each of the tubul ar gas/ | i quid contact devi ces 8 and 10 seals the 10
liquid delivery tube 19. In order to allow filling the |ower end of
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0
each of the.&ng%ﬁ%tubes, the wall of each contact tube is provided wth a
smal | aperture(n shown) arranged ove the plate of the REFERWOBEHB tray
t:o which the contact tube pertains an /biIOMIthe Fnl-et opening 24 of the
downconer tube 23. To allow enptying the 15 | ower end of a tubul ar
gas/liquid contact device, the cover 18 at the bottom of the contact
section 12 is provided with a small aperture (not shown). The size of the
apertures in the wall and in the cover is so selected that the presence of
the apertures does not adversely affect the separation performance of the
tubul ar 20 . gas/liquid contact device. AMENDED SET OF
CLAI MS 1 Colum (1) for contacting upwardly flow ng gas with
downwardly flowing |iquid, which colum (1) conprises a horizontal tray (3,
5) conprising a plate (6, 7) provided with a tubular gas/liquid contact
device 5 ( 10) . which fubular gas/liquid contact device (8, 10)
6

conprises a dgnfdct se% | on (12) | ocated Defrow the
separation se¢tplgn (13) contact sectionf gn out I[d
section (15) eIde _se g%f?on (1%2 above trE‘ 10
plate (6, 7), r 8 on (1 ! ' titpm
wherein the \/vall\oéﬁ-| ( ction (12,°. apILtality
of tangential N '
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1

»as iﬁl—et—s—ﬁe Wa quuid delivery tube in the formof a downcomer
g i g exte%dlnﬂ downwar ds 15 t hrough the tubular gas/liquid

Cont ac lj“uﬁmﬂ l&! ns |nto the |l ower end of the contact section (12),

and wh section (15) conprises a gas perneable wall provided
W th coal escer neans (25), characterized in that the top of the outlet.
section (15) 20 i's provided with a cover (27). 2. Col unkSa818VaP@8d in
claim1, wherein the gas permeable wall provided with coal escer neans (25)
of the outlet section conpry t I ye f coal es terial, the
I nner di aneter of the tubular layer berng al to the
outer dianeter of the separation section (12). 3. Colum as clained in

cl ai m 2, wherei nlt heCabatrester feat e:rdrmacltliﬁbudﬁﬁﬁ@diyfﬂYﬂo‘Pin@)@?n%Sg%}gFt al .
4. Colum as cl erei al escer

conpri ses two cgc%centrl ﬁ}gﬂg@n#qe%é de %r’rﬁ umnS “Co?‘if?i?i"a%e%l%u med
in anyone of thehQF%E9ﬁ$€ﬂd¢IGthﬁelﬁ)th@m@mnbengsacplane(nﬁ) 1prther I
conprises tWo OrpFEFEI&LDUBIL Y 6HBHHQ n&%%?éaag?ﬁgggnggc{qggv intervals

f the gas
al ong the out er ?grfacei(%hlék t bular gas/liquid contact device (8, 10)

comprises a contact section (12) located below the
plate (6, 7), a separation section (13) above the
contact section (12), and an outlet section (15) above
the separation section (13) and located above the

10 plate (6, 7), wherein the contact section (12) is closed
at its bottom, wherein the wall of the contact
section (12) is provided with a plurality of tangential .
gas inlets (16), wherein a liquid delivery tube in the
form of a downcomer tube (19) extending downwards

15 through the tubular gas/liquid contact device (10) opens
into the lower end of the contact section (12), and
wherein the outlet section (15) comprises a gas
permeable wall provided with coalescer means (25),
characterized in that the top of the outlet section (15)

20 is provided with a cover (27).

2. Column as claimed in claim 1, wherein the gas

permeable wall provided with coalescer means (25) of the

outlet section comprises a tubular layer of coalescer

‘material, the inner diameter of the tubular layer being
25 at least equal to the outer diameter of the separation

Bection (12).

3. Column as claimed in claim 2, wherein the coalescer

material includes a layer of expanded metal.

4. Column as claimed in claim 3, wherein the coalescer
30 material comprises two concentric layers of expanded

metal. '

AMEND
Eey



5 | 1\\\;raga;ﬁTfh*teelescer means (25). 6. Colum as clained in anyone

rein each tangential gas inlet (16) conprises a
zgnéngl !M”’ﬁ/{lfﬁm the inside of the contact section (12), the height
of the tongué béing Il 10 conpared to the height of the contact

[ | [ ' 6) are arranged one
section (12), and wh t ngential gas inlets (1 : :
above the ot her gﬁ aeég$ﬁ%n£§7éf%§h TSR Fﬁchithgizgﬁereln the
contact section Vie¥ein phevowelewisdrtion oflsioifarchbynosmptidds two or

tangential inl et fotdbroabbedl CLMES @B UaReRh At LEGHISE LNEELVANS
along the ci rcungfcrar?gcghgfo&theer Csotpxt'fgcc}é osfectthleorg]jas ;2>ei:'meable wall
5 provided with coalescer means (25).
6. Column as claimed in anyone of the claims 1-5,
wherein each tangential gas inlet (16) comprises a
tongue which is bend to the inside of the contact
section (12), the height of the tongue being small
"10 compared to the height of the contact section (12), and
wherein the tangential gas inlets (16) are arranged one
above the other in a column.
7. Column as claimed in claim 6, wherein the contact
section (12) is provided with two or more columns of
15 tangential inlets (16), which columns are arranged at

regular intervals along the circumference of the contact,
section (12).
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