TITLE OF THE I NVENTI ON: LI QUI D COLLECTOR AND REDI STRI BUTOR FOR PACKED
COLUWNS BACKGROUND OF THE | NVENTI ON [ 0001] The present invention relates to
" devices and methods for collecting and redistributing liquid descending in
packed exchange colums for heat and/or mass transfer processes. The
invention has particular application in cryogenic air separation 5processes
utilizing distillation, although it also may be used in other heat and/or
mass transfer processes which use packing (e.g., random or structured

packi ng). The present invention also relates to nmethods for assenbling
devices for collecting and redistributing Iiquid descending i n packed

exchange colums. [0002] As u Epei g F\ "colum" (or "exchange
co:unn") nmeans ahdist:!layionsﬁgbg r%'&#ﬁ@f' col um grrfggfi iéghiagted
colum or zone ere |i a rcu y
toderfec;dseﬁaration ofq%bgﬂﬁﬁg'y quﬁgﬂﬁg§g§ﬁggﬂﬁﬁyﬂé§tactingaF{ytggagggor
an i qui d phases on packi ng el efre ries of verti -

trays or plates nmounted within the colum. [0003] The term "packi ng" neans
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vol umes t hatocasses|utitiziegldiatiliation, although it also may be used in other heat and/or mass

transfer processes which use packing (e.g., random or structured packing). The present
invention also relates to methods for assembling devices for collecting and redistributing
liquid descending in packed exchange columns.

[0002] As used herein, the term “column” (or “exchange column”) means a distillation

10 orfractionation column or zong, i.e., a column or zone where liquid and vapor phases
are countercurrently contacted to effect separation of a fluid mixture, such as by
contacting of the vapor and liquid phases on packing elements or on a series of
vertically-spaced trays or plates mounted within the column.

[0003] The term “packing” means solid or hollow bodies of predetermined size, shape,

15 and configuration used as column internals to provide surface for the liquid to allow mass
transfer at the liquid-vapor interface during countercurrent flow of two phases. Two
broad classes of packings are “random” and “structured.”

[0004] “Random packing” means packing wherein individual members do not have any
particular orientation relative to each other or to the column axis. Random packings are
20  small, hollow structures with large surface area per unit volume that are loaded at

random into a column.

[0005] “Structured packing” means packing wherein individual members have specific
orientation relative to each other and to the column axis. Structured packings usually are
made of thin metal foil, expanded metal, or woven wire screen stacked in layers or as

25 spiral bindings; however, other materials of construction, such as plain sheet metal, may
be used.



randominto a columm. [0005] "Structured packing”" means packi ng wherein

i ndi vi dual nenbers have specific orientation relative to each other and to
the columm axis. Structured packings usually are made of thin netal foil,
expanded netal, or woven wire screen stacked in |ayers or as 25spiral

bi ndi ngs; however, other materials of construction, such as plain sheet
netal, may be used. [0006] In processes such as d| stillation or direct
contact ¢ pﬁhg'“ Arecessesedrasaligtation ¢ direst eantagt eenlied ibaadvargagerusrionot e
heat and [ [ ns.
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presentation of |iquid and vapor to the packing is usually made by means of
di stri but9088] AVariapsipdcdngs et tlmsonay beesadatodriog theniasisl ansl gasepus plpsee t he
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addi tion {j{g the, H\?{F‘QR{ distributor, a liquid collector is also | ocated bel ow
20t he pac R , t role of which is to collect all the liquid |eaving the
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device for a pac esu ice is
which is to create substantlally umform vapor flow below the packing, is located below
the packing. In addition to the vapor distributor, a liquid collector is also located below
20 the packing, the role of which is to collect all the liquid leaving the packing and direct it
further down the column. It is common for the liquid collector and the vapor distributor to

be encompassed in the same device, which performs both roles.

[0010] U.S. Pat. No. 4,744,929 (Robinson, et al.) entitled “Support Device for a
Packed Column” discloses a support device for a packed column. The support device is

25 intended to function both as a support device for the packing material and as a collector
for descending liguid.

[0011] The prior art includes many other devices for coltecting and redistributing liquid
in packed columns. Generally, these devices include independent pieces of equipment
which need to be supported at specific locations in the column and which take up space
30  (height) within the column, making the column taller. This results in increased costs for

fabrication, transportation, installation, and operation of the column.



25i ntended to function both as a support device for the packing materi al
and as a collector for descending |iquid. [0011] The prior art includes
many ot her devices for collecting and redistributing liquid in packed
colums. GCenerally, these devices include independent pieces of equi pnent
whi ch need to be supported at specific locations in the colum and which
take up space 30(height) wthin the colum, naking the colum taller. This
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redistributing a flow of liquid descending in an exchange col um. [ 0015]
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[0015] Itis still further desired to have an apparatus and a method which effectively
10  distribute vapor while collecting and redistributing a flow of liquid descending in an

exchange column.

[0016] Itis still further desired to have an apparatus and a method for collecting and
redistributing a flow of liquid descending in an exchange column which overcome the
difficulties, problems, limitations, disadvantages, and deficiencies of the prior art to

15 provide better and more advantageous resulis.

[0017] Iiis also desired to have a method for assembling an apparatus for collecting

and redistributing a flow of a liquid descending in an exchange column which affords

better liquid distribution than the prior art, and which also overcomes many of the

difficulties and disadvantages of the prior art to provide betier and more advantageous
20  results.

BRIEF SUMMARY OF THE INVENTION

[0018] The invention is an apparatus and a method for collecting and redisiributing a
flow of a liquid descending in an exchange column, The invention also includes a
25  method for assembling such an apparatus.

[0019] There are several aspects of the apparatus and variations thereof. In a first
aspect, the apparatus for collecting and redistributing a flow of a liquid descending in an
exchange column having a longitudinal axis and a cross-sectional area, the exchange
column containing a layer of packing having a top and a bottom opposite the top, the

30 bottom of the layer of packing extending across at least a portion of the cross-sectional
area of the exchange column, includes three elements. The first element is a plurality of

horizontally spaced apart longitudinal members, including at least one pair of longitudinal
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[0016] It is still further desired to have an apparatus and a nethod for
collecting and redistributing a flow of |iquid descending in an exchange
col utm whi ch overcone the difficulties, problens, limtations,

di sadvant ages, and deficiencies of the prior art to 15provi de better and
nore advant ageous results. [0017] It is also desired to have a nethod for
assenbling an apparatus for collecting and redistributing a flow of a
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[0020] There are several variations of the first aspect of the apparatus. In one

20  variation, the at least one opening in the vapor riser comprises at least one aperiure in
the at least one upright wall of the vapor riser. In another variation, at least one of the
first longitudinal member and the second longitudinal member structurally supports at
least a portion of the layer of packing.

[0021] In another variation, the cap is adapted to receive a second portion of the flow

25  of the liquid descending in the exchange column and to deflect at least a substantial
portion of the second portion of the flow of liquid downwardly to the plate. in yet another
variation, the cap inciudes a collecting channel adapted to receive and collect a second
portion of the flow of the liquid descending in the exchange column.

[0022] A second aspect of the apparatus is similar to the first aspect described above,

30 butincludes an additional element. The additional element is at least one transfer
channel extending across at least a portion of the cross-sectional area of the exchange
column, the at least one transfer channel adapted to receive and transmit a flow of at
least a portion of the liquid collected on the at least one plate. In a variant of that
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10connected to the inner side of the first |ongitudinal nenber and the
second end of the plate is connected to the inner side of the second

| ongi tudi nal nenber. The third elenent is at |east one vapor riser in fluid
comuni cation with the plate and adapted to receive and transmt at |east a
portion of a stream of a vapor ascending in the exchange colum froma
first location below the plate to a second | ocation above the plate. The
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addi ti onal,, g rﬁ@ﬁér{ds-g&?osg%(?\etasf)??l)m% ?Pﬁ%tcrés% %té:t:&‘?a@ﬁ teaO thd é)@tﬂﬁﬁqg channel

ext endi ng"acr sectional area
exchange cdumnm A firbteaspect o w metﬁednmm@nulmﬁﬂ@es ablafitstetep és ecei ve and

transmi t ﬁmfohga%_ b Rhod BRI 8¢ [ Rl o b Bodd BB P EIRI AL

| east one var i ast® on
chann& |fﬁbd3 aeasdaterain haingnodsteatbe discéraimgeiiovheihe gapor iaadewsrapdriinnt &r | ess

than or eﬂ'lléaéxchgngaenccjlmrTtﬁ)eefhiirg%ﬂe%' is ?5 pégﬁ?on%im{ﬁ%eexﬁﬁéﬁﬂybolumn an
apparatus including the three elements described above in the first aspect of the
apparatus. The fourth step is to pass the at least a portion of the stream of the vapor
from the lower portion of the column to the first location below the plate near the at least
20  one vapor riser.

[0025] There are many variations of the first aspect of the method. In one variation,

the at least one opening in the vapor riser includes at least one aperture in the at least

one upright wall of the vapor riser. In another variation, at least one of the longitudinal

member and the second iongitudinal member structurally supports at least a portion of
25  the layer of packing.

[0026] In another variation of the first aspect of the methed, the cap is adapted to
receive a second portion of the flow of the liquid descending in the exchange column and
to deflect at least a substantial portion of the second portion of the flow of the liquid
downwardly to the plate. In yet another variation, the cap includes a collecting channel
30 adapted to receive and collect a second portion of the flow of the liquid descending in the

exchange column.

[0027] A second aspect of the method is similar to the first aspect of the method, but
includes two additional steps. The first additional step is to provide at least cne transfer
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[0023] A third aspect of the apparatus is simlar to the second aspect of

t he apparatus, but includes an additional elenent. The additional elenent
is at |least one conduit in fluid 5 conmunication with the at |east one
transfer channel, the at | east one conduit adapted to receive and transmt
at least a portion of the collected liquid fromthe at | east one transfer
channel downward in the exchange col umm. [0024] Anot her aspect of the
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first asp@df8bofAtthel &qmpatrcﬂﬂmfsmefhbd i§ gitnilahtoghe pedosdeepgrd o6 thehreethod, [beiast  a
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the first TOCal e near one vapor riser.
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the cap |@smdaqede@lt?te(ﬁtﬂméom@trmmmadn@oﬂhedfnrckﬁdditimearfswmsdtb trahgmik inqui d

d h t | ect. I
cos oo o RE R SHRNFR BT e SEIe R oPl O BB
pl at e. | noneetrarsfetdhennal dowatwamiin thehexcbapge ealmdes a col | ecti ng channel

30adapted to receive and collect a second portion of the flow of the |iquid
descendi n@oR8e] t Aeotbsicdspadteot tud invention (92 Tet#odsiec asagmiipg e apparatus foret hod i s

simlar t oilfggtﬁ]sg[ér{d?{%d@ﬁ'ﬂﬁﬁﬁg Qiloﬁﬁ?aﬂgﬁﬂﬁgsc gfng nﬁ'gh ‘é%}fa g%oﬁq{# f?ljrgfal

st eps. rovi ne tran
aspect of the method for assemblmg mciudes multiple steps. The first step is to provide

20  the exchange column having a longitudinal axis and a cross-sectional area, the
exchange column containing a layer of packing having a top and a bottom opposite the
top, the bottom of the layer of packing extending across at least a portion of the cross-
sectional area of the exchange column. The second step is to provide in the exchange
column a plurality of horizontally spaced apart longitudinal members, including at least

25  one pair of longitudinal members which include a first longitudinal member and a second
longitudinal member horizontally spaced apart from the first longitudinal member. Each
longitudinal member extends across at least a portion of the cross-sectional area of the
exchange column and has at least one inner side, an upper end adjacent the bottom of
the layer of packing, and a lower end opposite the upper end.

30 [0030] A third step is to provide in the exchange column at least one plate vertically
spaced apart from the bottom of the layer of packing and extending across at least a
portion of the cross-sectional area of the exchange column. The plate is adapted to
collect a first portion of the flow of the liquid descending in the exchange column and has
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channel extending across at |east a portion of the cross-sectional area of
t he exchange columm, the at | east one transfer channel adapted to receive

and transmt a flow of at |least a portion of the liquid collected on the at
| east one plate. The second additional step is to distribute the flow of at
| east a portion of the liquid collected on the at | east one 5plate to the

at |l east one transfer channel. In a variation of the second aspect of the
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the cross-sectional area of the exchange colum. The plate is adapted to
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exchange ggéoH%sS@cq OP{%% method for assembling, but includes an additional step. The
| additional step is to provide in the exchange column at feast one conduit in fluid
communication with the at least one transfer channel, the at least one conduit adapted to
25  receive and transmit at least a portion of a collected liquid from the at least one transfer
channel downward in the exchange column.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS

[0035] The invention will be described by way of example with reference to the

30 accompanying drawings, in which:

[0036] Figure 1 is a schematic diagram of a cross-sectional elevation view of one

embodiment of the invention;



a first end and a second end opposite the first end. The first end of the
plate is connected to the inner side of the first |ongitudinal nmenber and
the second end of the plate is connected to the inner side of the second
| ongi tudi nal nmenber. [0031] The fourth step is to provide in the exchange
columm at | east one vapor riser in 5 fluid conmunication with the plate
and adapted to receive and transmt at least a portion of a streamof a
vapor asc@ddrhgFiguarethis asschbmatiedieglarmef & cross-sedtionaltpldrodew icbondel ow t he
plate to éﬂéi&%g% éf%;@%-nl/?rﬂioﬁbove the plate. The vapor riser has a cap

vertical l aced apar ronithe bottom of the packing, at |east one

upri ght o t t 1 r Ol | Y e plate
and connelre TOEHER adob s B aorbliah SF e ol B RSB S Do ¢
at | east empatiteotofdfie inkenteihr eam of t he vapor outward fromthe vapor riser.
[0032] In a variation of the first aspect of the nethod for assenbling, at

| east 5one[00B9} heighierdis d woss-sactionds lelaveidreview ol andtberdgooold/aponiger tati nal
menber st r , ts | east a portion of the layer of packing.
15[ 0033] %ﬁ@%&ﬁ@oﬁ@%@@?@ﬁ '?\%tgt'h@t hod for assenbling an apparatus is
simlar t 1rst L | i ncl udes an
addi ti ona@oﬁs‘{iﬁp%gql%es §§ipd§'?' %@%{é(f &'ggggF %?&8%%%@?@%@%’1 ‘p%@ Oggtgﬂ':%@e col um

at | east comgaibingasbier ehbodieenedftienidvergioacr oss at | east a portion of the

cross-sectional area of the exchange colum, the at |east one transfer
channel a@81kdFigorerisei sobeamatic tingrasmbita erob$-eectiohalgtian wawtof an paehtange of t he

”q“i@ fg&%%ﬁ%&ﬁtﬁimﬁ@ ér@‘ﬁne‘?tgﬂb%ﬁwﬂen%ﬁhB'nﬂ}eﬁtrior{;%ﬂ 4] A third aspect of the

nmet ho assenp an apparatus’1ts srmla he second aspect of the

met hod f o eghl i.ng. ' L " i.tional step
s to pr o2 THBlEC s dithelrais YGRS £kt aARRa T ER el oP A ¥R,
conmmuni catardainiwng Bhothkeembodimast ofdmeinveriiosf er channel, the at | east one

conduit adapted to 25receive and transnit at |east a portion of a collected

liquid fromthe at |east one transfer channel downward in the exchange

col umn. BRI EF DESCR! PTILN AP STYRAN Y| O E iy ERIGINGS [0035] The

invention wll be descr y way of exanple w reference to the
30accmagphdn FLAMNIR iutfadlbia d e B8 abphnd SENAGAbY fordi agram
of a cross-sectional el evation view of one enbodi nent of the iInvention,

collecting and distributing a liquid descending in an exchange column. Figures 1 and 2

illustrate an embodiment of the apparatus in an exchange column having a small

diameter, while Figures 5-7 illustrate several embodiments of the apparatus in large-

diameter exchange columns. Persons skilled in the art will recognize that many other

20 embodiments incorporating the inventive concept are possible, as well as many

variations of the embodiments illustrated and described herein.

[0044] Referring to Figures 1 and 2, an apparatus 10 for collecting and redistributing a
flow of liguid descending in an exchange column 14 is shown. The exchange column
contains a layer of packing 12. Although the apparatus and method are discussed

25  herein in connection with structured packing, persons skilled in the art will recognize that
the apparatus and method also may be used with other types of packing (e.g., random
packing).

[0045] The layer of packing 12 is supported by support grates 16, which typically are

elongated metal members extending across the cross-sectional area of the exchange
30 column 14. A deck or plate 18 (e.g., a flat metal plate) is placed between the support

grates 16 and is connected to each support grate 16 by welding or other fastening
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[0037] Figure 2 is a schematic diagramof a cross-sectional plan view of
one enbodi nent of the invention; [0038] Figure 3 is a cross-sectional

el evation view of one type of vapor riser for one enbodi nent of the

i nvention; 5[0039] Figure 4 is a cross-sectional elevation view of another
type of vapor riser for another enbodi nent of the invention; [0040] Figure

5 is a schematic diagr.am, of crQss-sectional vi.ew. of |

cont ai ni Haeﬁotﬁ@rplii%ﬂg(ﬁl%%er}#s(?r{qqﬁ'lprﬁygﬂqrﬁgﬁ?és% 0 tﬁ%ﬁﬁfj ﬁfyrgfl}ﬁg% is a
schemat i cex@hagyeasolfin a4 hessit sephhenad tophamner el bf cameekichmeges 26col um

cont ai ni ng anot her enbodi nent of the invention; and [0042] Figure 7 is a

SCheEHt | qodasigriaciudéd ia the pRse S @ctapondder ehaPevicaw skifledindbé artwilcendgiize ng
anot her epbodi ment. of the inventign. DETAILED DESCRI PTI ON OF TH ENTI ON
51 0043 BRCP 8Pt TRy AP AL RPS P CHBGAT MGV G R SBa RS and
rrelt hod f IC:)e_(paeDjdrig?twalg C?ﬁd?tldhéq: fol t:aatolatm 8 Ag_qp od adﬂf?aoteﬂdf ihg viaporaiseexchange
colum. Figures 1 an il lustrate an epbodi nent of the apparatus in an
exchange @g‘lnﬁ?rtﬁ HERTegT galésr’n‘:i‘i%f‘:h(ﬁr%%E@F{ébdv%’f:@a&ivﬁ‘aﬁré@n@-@H_|el q&g@@r}g& e
several efnafih BRA bAtefifg thReappPaseRiny dals traogs ik apeters @2@hdrgetintel umMms.
Persons skill ed |Q_tthe art w || I’ECO%I’]I ze that, many ot her 20enbodi nents

i

i ncor por aSHHURMASC I GVERYaY SR IRV L PRYLY Ife, as wel | as many
variatio t he enmbodi nents illustrated and. d criF d herei n.LaL.OO 4]
Ret orr i ngOPRTI SupaRringire 1. are i e T RS OGP R T argy Bagrnd 12
r ﬁdl st IT Elétdsrtﬁ)ﬁ@ thicDigh @fe dpemtdrda desweandiphge i & Howevahangewohttn 14 is
shown. e exchange col umm cont ai.ns | ayer q cking 1 Al t hough the
appar at u Sscgﬁ@aﬁgﬂlﬁgtaa@pesw% 8{}@9 gawd ?Iows %own afonB?he mngr wa%[s of the
exchange column 14 and along both sides of the support grates 16.
[0048] Although most of the liquid which rains downward falls on the plate 18, a portion
of the descending liquid falls on the caps 24 of the vapor risers 20. Figure 3 illustrates
15  one variation where the cap has extensions 32 angled downward to deflect liquid
downwardly to the plate. Figure 4 shows ancther variation where the cap is in the form
of a channel having spaced apart upright channe! walls 34. The liquid collected in the
channel may flow from one or both ends of the channel atop the vapor riser 20
downward to the plate 18. Persons skilled in the art will recognize that there may be
20  other shapes of the cap and means for transmitting liquid from the cap to the plate

below.

[0049] The liquid collected on the plate 18 is transmitted from the plate downward in

the exchange column 14. Figure 2 and Figures 5-7 show several embodiments having

various means for accomplishing this. The liquid is then directed to a sump (not shown)
25  or to a distributor below (not shown).

[0050] In Figure 2, the liquid flows to either end of the tray 18 and falls into downcomer
28. Persons skilled in the art will recognize that other variations are possible with
respect to the size, shape, location, arrangement, and number of the downcomers.

[0051] As shown in the embodiment illustrated in Figure 5, a channel 36 extending
30 across the cross-sectional area of the exchange column 14 receives liquid flowing from
the plates 18 on both sides of the channel. One or more downcomers 38 receive the



25herein in connection with structured packing, persons skilled in the art
w Il recognize that the apparatus and nethod al so may be used w th ot her
types of packing (e.g., random packing). [0045] The |ayer of packing 12 is
supported by support grates 16, which typically are el ongated netal nenbers
extendi ng across the cross-sectional area of the exchange 30colum 14. A

g at os. 160aieq ec e btk Baned aaen teapprc dnde BoBaTy GLIGRIMAR orher

f ast eni ngcolm@ans. The plate 18 al so extends fromthe support grates 16 to
the inner wall of the exchange columm 14 where it is connected to the inner

wal I by cmaz}it En{tg% BR®Ogin&ot mbﬁ%i&] inl Figlire dedn ianmﬁlél&srﬁlpaﬁehamea(gwamﬂsri serk
20. Persons skilled in the aft w re i ze at y take
many. shapgeetes isbected il the ket Lo fuld BhatdbniBR Aot ogRe el | <
30 fag en@fﬁmh@l it h@ﬂﬂhﬁb?ldéﬁnwérdqﬂmuéﬁ daWn(]tc:dﬁﬁerE@g p@tmﬁmhmamoug i ser

connects the uprlgt wa S ora SucC t hat, .vapo rsing in
o e h kB ig fstioiin Sriues e EDYA R AP leE shana Cranael iy ER Ot e

aperk tur eiazﬁc?acgaébr@mtpdamtérlcﬁhmmummbfttm exahgatdlymanuess shuvr iayer of

packi ng

047 shown in Fiqure 1 ui ssi ng through
the | ayerFig# ep%c'li‘!’ %Veizpeﬁﬁrﬁlﬁlfglea et%%ﬂoéq?oﬂﬂ'éeg'ﬁiwea%%ﬂ%éﬁg ({1he pl ate
18. Howevghiannabnedliih bk laofﬁttmjoa@ hemnadjadent Inkesrid: alall @hthesaxeBaraje dohend, iagoi d
fl ows down along the inner walls of thciee exchange colum 14 and al ong both

si des!®f Tt“ﬁé"%‘l?b‘ﬁ@#teréfréﬁ%eé“‘irésa OYHEP'%l t hough nost of the Iiquid which
rains downward falls on the ortion.of the desce liquid
falls on t9a3kapgurs’ BWOWWQ}%@PS?'P@@('?RQ@MWOémuét’pé’e ?'Ta\nﬂglF%%taé@ 150ne
\éar iati glndmoﬂ]hér@ss mpe&el?:\ﬁ@mmsmeﬁed% [dtgs eg ad@%m&hldlnbﬁhéimjdmﬁct li quid
ownwar to the plate i gure r varia e cap is
0 he ot e R sreharias g e E FERatrRR CORFTRRE. EHmar o 1 24 The
l'iquid cobppetiepatt rdhédﬂ@l%@nmhg 8304l Bimbﬁsfolhﬁmhwn%r@bam&!ho and sqatiistahe
channel atop the va riser 20 downwar Persons skilled

in t htd ar trowithe digge r?i the e498aNge e EMBg en@gns lellé%il mtthe art will recognize,

however, that many other arrangements and variations are possible.

[0054] The downcomers 38 in both Figure 5 and Figure 7 are illustrated as circular

conduits positioned at the locations shown relative to the diameter of the exchange

column 14. However, persons skilled ih the art will recognize that the downcomers may
20  have other shapes and/or be positioned at other locations.

[0055] Also, in the preferred embodiment, the plates 18 are integrated with the support
~grates 16, which provide structural support for the fayer of packing 12. However, other

designs are possible. For example, the plate(s) may be connected to other elongated
members disposed within the exchange column 14, which elongated members extend

25  upward from the plate(s) to or near the bottom of the layer of packing. Persons skilled in
the art will recognize that various other arrangements are possibie, including various
combinations (e.g., some elongated members provide structural support, while other
elongated members do not provide structural support).

[0056] By integrating the liquid collector with the support grates (and/or other

30 members), the column height taken up by the apparatus is less than the height taken up
by that of prior art liquid collectors, and the relative cost of the equipment is less. The
net result of a shorter exchange column resuits in less cost for fabrication, transportation,
installation, and operation of the column. In addition to being less expensive and easier

-10 -



200t her shapes of the cap and neans for transmtting liquid fromthe cap to
the plate below. [0049] The liquid collected on the plate 18 is transmtted
fromthe plate dowward in the exchange colum 14. Figure 2 and Figures 5-7
show several enbodi nents having vari ous neans for acconplishing this. The

liquid is then directed to a sunp (not shown) 25or to a distributor bel ow.

18 and 1 ApIoAts adianioaiiec Sy eoslyPEis oo oo BRbAnEbig B iochlos  ony 2™

t hat ot hetnovsperatbs easiat®@ipasesdihe entiteflonerepiend oftam dxobarsjeza)]unsiagees in
| ocati on, ,arraneﬁ.erred@%t. and nunber of the downconers. [ 0051] As shown in
the embod e RN MO8y in Figure 5, a channel 36 extending 30across the

cross-sectional grea of the exchang: lunm 14 receives Liguid flowi ng from
the pi at 40088 oAMistER Tepiee 570 BRa BRAARE BN S e P8 IHESALl o 5
recei we téebodiinghtsdihe prdsent iadertiontiheeveintanieed n@6ntanded todrdmitedttbte | i qui d
downward in the exchgnge colum. [0052] In the. enbodiment /illustrated in
Fi gure 6,de@s WP&”-%SC%&?J 9 1"8("8{'1?{75}9}“03@“?&3& %@afjﬁgtﬁ&dfﬁ@? ed
liquid frgiait be doopy and fangbh ehiidalbats oe trel ckeths iand Witkoatrdepheing Soapibd
5channel is transmtted downward through downconers 48 positioned at
various |GHf §1dnvediodhown in Figure 6. Preferably, the annul ar- shaped
channel is continuous and adjacent the perineter of the inner wall of the
exchange colum 14, as shown in Figure 6. However, persons skilled in the
art will recognize that the annul ar-shaped channel need not be conti nuous
nor a@ acent the inner wall of the exchange colum, and 10t hat vari ous

ot her arrangenents are possible.
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[ 0053] Figure 7 shows another possible arrangenent of multiple channels 36
and downconers 38 for receiving liquid collected on plates 18 and
transmtting the |iquid downward in the exchange colum 14 through the
downconers. Figure 7 shows two spaceq%%@ﬁgt channel s 36 havi ng equal

di mensi ons which are parallel to and I stant 15from the dianeter of the
exchange columm. Persons skilled in the art will recognize, however, that

many ot hgr aryangenents and vari ations are possible. [0054] The . downconers
T8 Y n both B APEPREU P Relertas nd e P el ian Sl o Aecknd g AN <

polsi ti Oﬁdhla—ﬁbgd df&urh@ba\tih@a%@R_C)Ttv:‘lal(rja&_iﬁdd/hﬁcﬁo@s—tsé@tioldblaetrea,eth{_a ekcﬁdw@eexcr:]hange
col um : wever ersons ski. .in the art recogni ze that e
GowncomsPLriB o SRing B bR et B bl 5 b8kam sREGUEING fare 8 b ons.
[ 0055] Alfsios layer dfipacking betendidg aghedamentt, a pdriéopbithe srok8-sattoriahbegraftiesd Wit h
t he suppor}1 rat es 166 whi ch provide structural support for the |ayer of
packi ng %" H‘E‘Eﬁ/@l&'?' GWEP'"gesi gns are possible. For exanple, the plate(s)
may be connecd pidrdlity sithoazorehlyapated apartioagsudiizs peseebrsiiiiduding heleastanange

colum 14, i ch el ongated nenbers extend 25ypward fromjihe plate(s) to or
roar T ottt eriatusn e EET 6T FoRp e B TonaPaBAE b 4 et ot i 11
reﬁgg”i Z!engihﬂtnanEhmBShmtzhﬂfallfﬂSpm(;eg@mﬂtf&nam fpstdsnditdinal membdi, @acivar i ous
comnbi nat,i on e d.,.S0 el.ongat e ers provide structural suppqrt,
B e e L Y G| NS i N
i nt e?ﬂrj atémgamg;]mcdlmrqml aod ﬁ@wiuh%at leﬁstwintahnrtelneiobﬂapopperg;ﬁatae@oéawwoﬁﬁmmr )
30nenber t he, col um i ght taken u the apparatus is |ess than the
ot ot LB% IaYe0E! pitiantc e 57 GPocRedlie PR RRBa or o and the 1 eiati ve
cost of the estuegatond plake Vertially Spacatiedpariaeomh thefotidnsdfans GiyeeaiofsaRpg ahal um
results in | ess cost for fabrj C%ifi on tranﬁ.ﬁorit at i orr.t!2 i nstallati and
1RGSR °LRp

I on
oper at | SRHMGRCTRTS a1 1gAst 2 RORAi o tN5Crees-Bed éﬁgﬁ'we&ﬁ@% er to
}‘ abri Catt?lleétfaeﬁr‘stidpwﬁi@ sfahd BSL of ml?ﬂidbiatde:sbéﬁdmg mnwﬁ@angeedluﬂwmaV;ﬁgy a]E
ow turn S and, operates satls torl ross the_entire ow regine o
an exchahlJe o A sekadiend apposisie st s dne i ead PR 3t s vonepBiRough
|5 I Iml;stj r denth c&ﬂmﬁd@a% tHeafndreiddl of thié fifdt roaémma}dnmemna mens@:@ga :jefn%ftge
enbodi nents, the present invention is neyertheless not jntended to be
Tt ed R iPrhenaiaels bapeietendo bR SHAE RerondGhetudloah et #ons
nmay be made id lddkeofeiAidr Fise ih Muid doRfmSHeRRNaNth tha PRte Bf reedive wald @ahsmipf the
clainms and without departing fromthe spirit, of tgue Il nvent i ?n. )
at least a portion of a streamof a vapor ascending in the exchange column from a first
location below the at least one plate to a second location above the at least one plate, the at
least one vapor riser having a cap vertically spaced apart from the bottom of the packing, at
least one upright wall connected to the at least one plate and projecting upward above the at
least one plate and connecting to the cap, and at least one opening to transmit at least a
portion of the stream of the vapor outward from the at least one vapor riser,
at least one of the at least one plate is connected to an inner wall of the exchange

column.

2. An apparatus as in claim 1, wherein the at least one opening in the at least one vapor
riser comprises at least one aperture in the at least one upright wall of the at least one vapor

riser.
3. An apparatus as in ¢laim 1, wherein the cap is adapted to receive a second portion of

the flow of the liquid descending in the exchange column and to defiect at least a substantial

portion of the second portion of the flow of the liquid downwardly to the plate.
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10 CLAIMS 1. An apparatus for collecting and redistributing a flow of a
| i qui d descending i n an exchange colum having a |ongitudinal axis and a
cross-sectional area, the exchange colum containing a |ayer of packing
having a top and a bottom opposite the top, the bottomof the |ayer of
packi ng Axt enai ABPAELEES eI AR AR FIFHCURPTSRS APUSNGGERTRAIE area of
t he exchajigive @Bt doMact & 88FBNASIoNdN of the flow &f thk U@l dbycedbiingar theosioAbhye spaced
apart |ongitudinal nenbers, including at |east one pair of |ongitudinal
mermbers €OWPPising a first |ongitudinal menmber and a second | ongitudi nal
menber horizontally spaced apart fromthe first |ongitudinal nmenber, each

| ongi t udj nal nber extendi ng acr,oss. at, | east ortion of the

1 ogs- sebt | orh SFAEBEoThEAB) LR Ebleannona tha ek hafiinalSiemhts afiner

si de, antheppesndbagitdjnaCRBinbEhstrdeairaigeuppoitdiat Ibastarpddtiorpsiche Rger 6nd a | ower
end opposi tke t he upper end; at | east one plate vertically spaced
apart fri5Hitde bottom of the layer of packing and extending across at | east
a portion of the cross-sectional area of the exchange columm to collect a
first pogtion,of the flow of. the |liquid descending in the exchange col um
and_havithg o M PRRSIEHE BRI, bauReT SHmPORRa St Peoane iy CERIEl e 11 r o
? nd of | té)@&_armir:jg m?sr,s AMeasph @bgiohﬁif ne @md igﬁbl]tca@eat dfethé Bf(t&fangé delum‘nl fohe

irst longitudin nmepber apd t secon nd,_ of 't t, | east one, pl ate

bel no oot abd FandES i P Slibel agrorianeordBe bk Folksfean Aaet RasuEe and
at | eastplgtee vapor riser in fluid communication with the plate to receive
and transmt at |east a portion of a stream of a vapor ascending in the
exchange colum froma first |ocation below the at | east one plate to a

?‘ econd Imcat Wﬂa;a_fa@atla? b aainid@,amerangmaoétaéﬁst ohbéraatfet emmh eDiﬁGIuE_@eDQrﬁ riser
aving a cap vertic paced apart fromthe pottom of the packipg, at
enst ComEntBr e ielSRRE Fodis reHESR TS5 B taah Bha BrBTder | ng
upwar d afpeeceddhengs cdi@aat one plate and connecting to the cap, and at | east
one opening to transmt at |east a portion of the stream of the vapor

out war d fromthe at |east one vapor riser; at | east one of the at
| east ome pl &{rﬁamﬁaré&wa@ﬁicﬁﬁm@,f@!ﬂnér%ﬁﬁfpri@?ﬁ{;'at Rhst o edrebRroRiIG0l uMm. 2.
An apparatus as . in ein the at [east one opening in the at

claiml, wher .
| east of@MPHSURIPY with gl pes oBe fansiencharpsbiofperive PR AT mEatdeast@ast one
upri ght pagon d?thd Efledtedlig@iatirofBe \GRRREt shSRinsferbhafifelRRAWAEIR tAe I n claim
1, wherein the cap is adapted to receive a second portion of the flow of

the |iq&Xehae8 @AMy in the exchange col urm and-to deflect at |east a
substantial portion of the second portion of the flow of the liquid
dowmnwardly to the plate. 4. An apparatus as in claiml, wherein the cap

conpri s a Aolptediferralisclingandirediplebutinga dagrepginodiow of adieilrndyat ti on of

the f1ows@dndildfiidvi S asdp HEENEkMANGE chDMnRRIRNORNGRAINIED axi8 andia GBRAT at us
as in claiml, wherein at |east one of the first |ongitudinal nenber and

‘the secépefionahaipeie eashaneptselunyt santaininalal lgyey 9hpariiad Bavingadewp and@r tion of
the | ay Bbitéth IBBGkiee tord tne/BorRAPEH b oSt pabidiigthnkind Mrblickt G4 | S1ng at

| east one transfer channel extending across at "l east a portion of the
cr oss- seettion vhthezress-erctionr asga olhg exehangmeotsnn. coaiprsing i steemehi t a fl ow

of at | east fupALLhGTefoddBRahi Ak br AR IR REb ATubRS pRhicheA He ARFaRIL! €.

7. An apparatus as alm reln the at e transfer channel
i ncl udesolgmrannul ar - shaped channel having an outer perineter |ess than or

equal to an i%ﬁﬁciﬂ&fﬂ%ﬁdiﬂé AbRST RERHII S 8180 portion of the exchange

column; _
positioning within the exchange column an apparatus comprising:
a plurality of horizontally spaced apart longitudinal members, including at
ieast one pair of longitudinal members comprising a first longitudinal member and a
second longitudinal member horizontally spaced apart from the first longitudinal
member, each longitudinal member extending across at least a portion of the cross-

sectional area of the exchange column and having at least one inner side, an upper
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8. An apparatus as in claim6, further conprising at |east one conduit in
fluid conmunication with the at | east one transfer channel to receive and
transmt at |east a portion of the collected liquid fromthe at |east one

transfer channel downward in the exchange colum. , 9. A metho r

col | ecting an@ndatrent theheftag %%‘e&%ﬁggﬁwﬁﬁaﬁ GrO%eS ?néjgcl?pé’ oaﬂ%{hgnur)per
ascendi ng fl oywwgf a vapor in an exchange colum having a | ongitudinal axis
and a cross-sectional area, the exchange col cont.ai.ni n ayer, of

packi ng having a t3eashanePiss YT bﬁ%%efj@p?ﬁg%%%? qoﬁgmb%ttr?eoar%y%?dt he |ayer
of packing extRRMgRGIAKIPBMgalcrdseasieasdt HportiboDf 1E crdts-sectivs! sextdfdmal ar ea
of the exchange col um, conprising the,. st f: - i he
descendi ng f | SKNBFIG FRAUTH Eﬂun?Qi'eFtrﬂ %%’?P'U?fb‘gfgﬁ%g?wiogwedpu{dh%%ég'gﬁ%@gh ol um;
i ntroduci ng thehasgeashing ahd auig atike evapad aisetondehdogrospotte fost efd, thee
exchange colum; positioning within the exchange,col um.. ratus
comprising: firstend ofthg ;ﬂtg%?sﬁlope B¢ 98?1'?%0%1%5%%@ﬁe%%§$?ﬁﬁgﬁésﬁt udi nal
menbers, inclpagin@irat meadst atMepatondénd efnbe blidastainembatb emgconpedted ky a
first |ongitudinal rr_errb(?r and a Fecigliln Ilon itu,dénréal menber horizontally
spaced apart EHHEf RSOl 6 SqCaRYyONY r""“each | ongitudi nal nenber
ext endi ng across ajt |kfk6he RapRIriskoin flofd dodnenuicstienettitthe pite wrreeciod andie
exchange col um and havin i | east one.inner side ) er. . j acent
t he bott om ofransahafjrast 6%085’518 ﬁg%feafﬁc?f Q GRREF a%‘f?&“’@@ﬁ@@%‘%“zf‘ ﬁﬁ' u(gog!ér?iﬁend;
at | east one fpAbgirsesdatieabbbwIneatidastpmetpldte tora sbeotbbtationabovdthd atyer of

packi ng and extendi ng acyoss, at, | east _a.portion _of the. cross- i ar ea
of the exchaHS@St@BPtﬂ?ﬁﬁe»ttEe gblepRi@neyapph ser fayipy 3§agfveﬁﬁgﬁ)ﬁpg\ﬁ3§%b%ﬁ§%h qui d
descendi ng i npk MBtEH DR YR UATeaN dnb apiighg walifdonséctent thadt kasearend end
opposite the first end, the first he at | east one

|, end, of |,.at ein
connect ed t o RIPE nFRERIeCngryyan HBO‘ﬁdtpglat feaﬁtgqr}elf&?tﬁaﬁndﬁg%gqlmgg%%ehc second
end of the atyleastastbhe Bpaify REtdIGnaARERt &gottiontdithe stremm sfitte vaport he
second | ongi tudi nal nenber at | east one vapor riser in fluid

,and . at
communi cat i orPuveld frame the afdeast gne ¥aRATVERAND transnit at |east a portion of

a stream of thReMRARIe ASEHHEDAST ihe floeof exChpnden @l atneast boepatd; iandt
| ocation below the at | east one plate to a sec cat

| , ohd | '%o abov% thF at
| east one pl dassing e akleast apportipnofibp siream gbiheyapprigon t %ﬁ“@éP?i'&’%P the
spaced n {d 88t R0 B8bAThé BRleRSIUreHate abal @S lsaBEontVABhtiseral |
connected to the at | east one plate and prﬁétggglag%l‘ pwar d above t he at

u
| east one pl ;oenaENoEd inrstens g the at Ieasiy}s r@éé"la"%@‘eo‘?féﬁ??ﬂf to
transm t, @fm,heast a portion of the streamof the vapor outward fromthe at

| east one vapor riser; collecting the first portion of the flow of the
liquid on the at | east one plate; and passing the at |east a portion .of the

stream %bt hea ¥amta 44 RS, WAWRSin R 4tii&ddt Bhe bPENIAGInINB ot Rabiehd Vapst
| ocation bel ow the at | east one plate near the at |east nre?é)/apor riser;

connect irisgr aomprsestat dapst ome apertuge in Bgat lagskons wpright wallef{ eazhPTe VAP he
exchangeris lum. 10. A nethod as in claim9, wherein the at | east one
opening I'nm'the at | east one vapor riser conprises at |east one aperture in
the at | east one upright wall of the at |east one vapor:

11. A method as in claim 9, wherein the cap is adapted to receive a second portion of the
flow of the liquid descending in the exchange column and to deflect at least a substantial

portion of the second portion of the fiow of the liquid downwardly to the plate.

12. A method as in claim 9, wherein the cap comprises a collecting channel to receive

and collect a second portion of the flow of the fiquid descending in the exchange column.

13. A method as in claim 9, wherein at least one of the first longitudinal member and the

second longitudinal member structurally supports at least a portion of the layer of packing.
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riser. 11. A nethod as in claim9, wherein the cap is adapted to receive a
second portion of the flow of the Iiquid descending in the exchange col um
and to deflect at |east a substantial portion of the second portion of the
flow of the liquid dowmwardly to the plate 12. A nethod as in claim9
wherein the cap conprises a collecting channel to receive and collect a

second pytiof n@th&d’t% E'c%Wn@f c&nh@nsimgllﬂhb@urﬂ@@%ﬁbéloﬂg in the exchange col um.
13. Anmethod as in claim9, wherein at Ieag%, one of the first Io |tud| nal

menber and t HOWEiRg Ablersh et [ATSies charieh erterqing A¢TgrS A I5ad ®l east a

portion Qfed. E&nbﬁéﬂ%ea%f tﬁ@@%ﬁ&age colilu‘hn té\reveiveashdasnsmitel fajmmgat i€aar i si ng
the further ste ng at | east, one transfer channel

ext endi ﬁ@%’f@ﬁge &‘i“"l’ eeliectey %‘O‘P? ?b'ﬁaﬁtfontel%at‘ér‘?ﬁjs sectional area of the
exchange col %rlblﬁmeﬁ@ﬂMﬁoﬁéldeéét anofidn o tid Iliddéoliatiel@aghe at easttdrien of the

liquid collected on the at | east one plate; and di stributing the
fl ow of %@teltéﬁﬁatée%%‘? BANHer §887¢li qui d col l ected on the at |east one
plate to the at | east one transfer channel. 15. A nethod as in claim 14,

wherein the at | east one transfer channel incl udes an. an ed
S B o

channel ¥avi rfyMethasiasdn ol i1ev/aereindle 2t egst e EyGir erimeter

of the %ﬂ%’ﬂ%ﬁaﬁéﬂ dHERnel MQingAnTRitdIQériafetdriess! tAhmoddquat g indenGerinheter
further steps of: providing at | east one conduit in fluid

comuni Athop*hiRrge 6#emat | east one transfer channel to receive and
transmt at least a portion of the collected liquid‘fromthe at |east one

transfer channel downward in the exchang col ug}n transmtting to
the at |'ast %ﬁ‘@tWrﬁdeF'aﬂrﬁé4fPWrﬂ”9atf‘e P5&Ftion of the collected

liquid di stribuigfyaPlebfinicon8asin foH?cérﬁrﬁUﬁlﬁﬁtiorﬂhmh@at le@Rtlone transfer
transmtting in the at | east one conduit a 0

col | ect shanpg|ie Feceeanddmnemi @t {aqst %Pomeag% fhs ?%%E%réﬁaf Wéﬁﬁé‘k E’&B‘v&ﬂﬁard

in the gxBRRYRakRl YoWnward In tHd éﬂ%h&ﬁgt é&umﬁlsseﬂbl ing an apparatus for
collecting and redistributing a flo qui d descendlngﬁln an exchange

col um, corrprtf%‘isﬁi@"im@ tge aplgagifone °°"'d'-"t t'}?rflS’\‘M ‘?,fleﬁbeaﬁh% PERER SR e IpLiRT

having ggl, 'lﬁ%tﬁlbiﬂé@ﬂith@%‘t%a@%@trﬁﬁ%hﬁﬁﬁél*&l@' area, the exchange col um
cont ai n| ayer acki ng having a top and a_bottom o%& site the top,

the bott om oﬂraﬂvﬁ@iﬂwl@ﬂh%at iaa@megwéséwb%lf*?ﬁ aRarinsofdpe callectedfiavist t i on of
the crosgssifsd @R e A&t Bhe tARSRXEARMEEISMWHRR in the exchange column.

17. A method for assembling an apparatus for collecting and redistributing a flow of a
liquid descending in an exchange column, comprising the steps of:

providing the exchange column having a longitudinal axis and a cross-sectional area,
the exchange column containing a layer of packing having a top and a bottom opposite the
top, the bottom of the layer of packing extending across at least a portion of the cross-
sectional area of the exchange column;

providing in the exchange column a plurality of horizontally spaced apart longitudinai
members, including at least one pair of longitudinal members comprising a first longitudinal
member and a second longitudinal member horizontally spaced apart from the first
longitudinal member, each longitudinal member extending across at least a portion of the
cross-sectional area of the exchange column and having at least one inner side, an upper
end adjacent the bottom of the layer of packing, and a lower end opposite the upper end;

providing in the exchange column at least one plate vertically spaced apart from the
bottom of the layer of packing and extending across at least a portion of the cross-sectional
area of the exchange column to collect a first portion of the flow of the liquid descending in

the exchange column and having a first end and a second end opposite the first end, the first
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providing in the exchange colum a plurality of horizontally spaced apart
| ongi tudi nal nmenbers, including at | east one pair of |ongitudinal nenbers
conprising a first |ongitudinal nenber and a second Iongitudinal nenber

hori zontal | y spaced apart fromthe fjrst |on

| ongi tucﬁ”ﬁ'af% *Wﬁgﬁﬂ%ﬁméﬁ B3l PRINGEPHES e It*&'gﬁeras‘%%fr’ﬁ %ﬁ%gp’”%{é g

Cross- s&ﬁéh@él&ind&h@@e&fndteh@ S REANGRt 60 pRTE ity banrcodab theeinser side of nner
side, an u nd aagpacent t he gottom of the layer of packing, and a | ower
end oppdg‘? O’Eﬁﬁtﬂ ber;and sy oyviding in the exchange col um at

| east one pl qirwwﬁ@ iri tﬁalewmga@emn&p@méasi bﬁm/hﬂitﬂ rbelt hdﬂmzﬂfonﬁd‘lenibatymrwidf
packi ng .and, extendi ng acr os porti # Cross -sectional area

S
of the d98ALIFAR GIRHR e E?cewﬁaaesfaasrf‘\t FE'Pa’?)toar'P?rB?PB = SHEee PR VNN he i qui d
descendla@,gﬁmmng tmeth@mzmrng@ c@!Qh‘Wffbrﬁ@di(rjsiwc]\cdaﬂm aeibwr‘tlsé atlpdstame mate¢cand end
opposlI te the St r st (0] he at | east.on at e ei ng
connect &§°P¥ {oﬁ%t‘ W;P&”e ed%”%a?StPH‘ép%t‘?'%t?e PR ORI VAR rﬁgﬁﬁﬁfn%ﬁ&a he second
end of tieetically sgast a@ﬁﬂfrﬁhﬁh@ bbﬁomwfﬂwmmdattleastthaelupnmt vsalldmnoécteﬂeo
second hg gltudlnal n the exc

eser o Sicks! dh B AR Pioiding swar RO ol Brtdine MRS ARABPHRARY T 1 o

receive tﬁ@daxb rmsanéasﬁ@nd SRFingtoR@hkinA At Raspa poitieant e streumpfthasapndi ng i n
t he exchange col u a first location belowthe at |east one plate to a
second I%@'g"[“idg %Pé'eﬁ% ORR V3MRLLPeTone plate, the at | east one vapor riser
havi ng a cap dophédtinglat leasParest tagar leastiopmpidie that tnoer whll bhite packdarye, at

| east one!ﬂpgnrl ght wall connected to the at | east one plate and projecting
upwar d &9 the at | east one plate and connecting to the cap, and at | east
one opening to transmt at |east a portl on of the stream of the vapor
outward from fhe at Ieastn{%ﬁe vapor rjs conn

of the att | edsfelind fay agsemodngan BRPIAtUSSTIN Slairp 12 %Q%fﬁ&%lg%bm‘?rﬁ? t%%%s

net hod fien a@ammbhmgrarmm@ae@wmnﬂ@dm Alember $fuctufatly eipports dt éast aone of
the first %I t udi nal_ nenber and the second | ongi tudi nal menber

st ruct urPQ¥G FupPEYESOIARACKBAst a portion of the layer of packing. 19. A
met hod for assenbling an apparatus as in cI al m 17, conpri si ng the further
step of: providing in the exchange u at | east a fer

channel %kt erﬁsm@%f%%%semblm%agtapaarﬁ%%ﬂ° eC‘HPBré%“% 'i‘ Bda of

the exchange e}igiaR it PelcRERANGR cdfnd éﬂ@ééﬂdne&rahlsféWcﬁénr@ e}kt@ﬁéihg acﬂ@@ﬁ bt on of
t he I|qU| d collected on the at | east one plate

assenbl PPt rPosinseefdbesroas SerlioppLATRR Péthec%ﬁb?ngﬁ frﬂjﬂf'%o 'fe&P‘e'ﬁ é‘Pd 35385"‘618

provi di gy} & dt esey ?Jbﬁiea%f ﬁfé' 14T RiettBdsh tRNSt 1688 Gabipldte. 1 ui d
comruni cation wth the at | east one transfer channel to receive and

transmt at |least a portion of the collected liquid fromthe at |east one
transf eryechan gletitbdBNEEnibing BR 2By &RARAS ARAHATIS, comprising the further step of:

providing in the exchange column at least one conduit in fluid communication with the
at least one transfer channel to receive and transmit at ieast a portion of the coliected liquid

from the at least one transfer channel downward in the exchange column.
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