;e3e0**+\ -"-: 06p0TOj 0s37i usa TITLE OF THE | NVENTI ON: WALL- FLOW

REDI STRI BUTOR FOR PACKED COLUWNS BACKGROUND OF THE | NVENTI ON [ 0001 ] The
present invention relates to an apparatus and a nethod for collecting and
redistributing a flow of a descending liquid to a structured packing in an
exchange columm for heat and/or nmass transfer processes. The apparatus and
nmet hod have 5 particular application in cryogenic air separation processes
utilizing distillation, although the apparatus and net hod nay B@S?' %‘éﬁ! n
ot her heat and/or mass transfer processes. The present invention al so
relates to nmethods for assenbling an apparatus for collecting and

redistributing a flow of a desxfﬁrp_%i@}gTHE%gj\%%@gﬁ: structured packing in an

exchange col um used in such processes. The term "colum", as

used herein, neans %HLL?F{J&&M&E%%@BUT% F%%A@REB%@@MR@ zone, i.e., a

colum or zone wherern por phases ‘are countercurrently
contacted to effect separation of a fluid m xture, such as by contacting of

t he vapor and liquid phase%ﬁ@K@%@ﬂN@(ﬁﬁﬂ?%\?Eﬂﬁw a series of

vertically-spaced trays or platés nounted wthin the colum. 15 [0003] The
term " packinnagi L | f ) g ape,
and confi l?r% ggi gﬁéﬁz%%%a@q%@[ognglla#%{’i’glr%ﬁg%p?%{agusp%’rgo\e/?%ﬂ@r@gggﬁgﬁﬁ%aﬁ{gr t he
| i qui d t oresfidtdivutimgssiiaw afvs fiegceading Higuit ite aistiuotapssr packingrif ae éxehanasg
‘countercu a I i re

P andont o B A B en B B e S e i

i ndi vidduaparientbeapplidatiotot: chegeniamyr s2papdion ipeadeagesortilizing aistibatione Elnéumd t o
each ot he ( i Q i

St Uct ur oL mAFRT T aF a5 BlatEs B B BT ARG RSP s e PRcer OGS,
random i nTioe arasehuinmentjc@ Gl relaBts tooteiheds jpackiangpiingeameppedkd jog cokrstiag n

the col untr S P 00 besterRged Dby <febethekBo S el Rihles e ol

or woven seinenscedénssdrgokestsesn | ayers or as spiral w ndings: however,
other materials of construction, such as plain sheet netal, may be used. -1
0637 11 QUSAGDORD 6 Tha hearit, écaimmt”, Ahoked hameth, hagaes kutiglatmmeordsetonattoaraiiamyeabl y

herein to an opening thr h v.\(g'.ch i S ,IA,L circul ar
hol es ar eog%%‘\%n"?‘h“tc @mdr%{vﬁoﬁgg\?’e{% !'W)“F %E& %@&ﬁ%éesg%%ecrws eté%}e?yﬂiyncl udi ng
i rregul arcasaatet ko affeat eguaratiorsdfgpiesd 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.

15 - [0003] The term "packing" means solid or hollow bodies of predetermined size, shape,
and configuration used as column internals to provide surface area for the fiquid to allow
mass transfer at the liquid-vapor interface during couniercurrent flow of two phases. Two

bread classes of packings are "random" and "structured".

00041 "Random packing” means packing wherein individual members do not have any
20  particular orientation relative to each other or to the column axis. Random packings are
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
crientation relative to each other and to the column axis. Structured packings usually are
25 made of expanded metal or woven wire screen stacked in layers or as spiral windings;

however, other materials of construction, such as plain sheet metal, may be used.



5 [0007] Cryogenic separation of air is carried out by passing liquid and
vapor i‘n @otifit ébéurrent contact through a distillation colum. A vapor
phase of the m xture ascends Wth an ever increasing concentration of the
nore vol atil e conponents (e.g., nitrogen) while a liquid phase of the
m xture descends vvith an ever increasing concentration of the less volatile
conponent SL]Qg gen 10 [0008] Various packings or trays may be used
to bring b Gﬂld"i]i?(ﬂerﬁhid” alsean ‘aPragEes apF UIRENFTotENBezinberedobietraedn £6
accompl i Shodtss kb alalAEn BRLIeRRy LIS, pﬂ%@ﬁac-mﬁarq%‘?esoére%g%h Yo
distillation is standard practice and advant ages where pressure
drop is i#potitgenthe m%egem@v hap@@k@dsweﬁmﬁciyémwﬁM@&vgelk/@rvcd@pendent on
creating %ﬂ% Jrai ntai ning a bal ance between the downward flow of |iquid and
t he upwar Iow of 15 vapor locally in the packing. The distribution of the
i quid an iaf tial
prese%t at'gn ft Sg‘%#&b%&;&ﬁ?fgnﬁ%kdpagﬂﬂ %ugtb@ﬂg%%ﬂ?ﬁﬁw?%é{wgl dr”ggent ation of
| i qui d anehurégrourrerns cph@cb@mugmqa distillagomaktolymmadeapy pheaasf dfe FﬂIXQ-trfBI butors. A
l'iquid di , f A th guniformy
w th 11 quisenis b e A (8l aR AL s n PR %L e
roI e of qutro@em)swmle 2 et pratse altid mn«mreaipemerﬁlsawhtﬁe‘i o iriteegsatki ng, is

| ocat ed b(,ean%vnﬁ% f&%@ 0g; ARRCL MBS L pbUL g of 1 quid [0 packed

t wo- phase neEss transter colu cogni zed as leading to

poor 1’65‘53{ of elokRLE o?&rgy C%ayhe%bg r??;fnt%rgS’H n@%agé‘é(usb&né%‘ég to:

initiall mg‘% epacmg
mal di stri dﬁuhemixxamontofdmcwwamnfpd)s}messss trguster reveers thel fhatseenm tehvssugfh t he

rechant ol Ao ARALLL) ALy aNERIcia gl e, RARKLAG LAl froni e pas an

i nher ent |str| I'buti"on tends,
r egar dl esdopfis inmdriaat. Ha\n@NEd ppCImbcnIItaUm parforfrtanccs :amdrj/ dikpewient bacrdatiogi d

beShove T LR, R el Bt b R R Bl L B il A B0 5
B2 ( Sndergppr anrdinianes paskipy Ahiecidttionienioh tHelgupldold bhedpdn wigrmathw e (e. g.,
Stoter et_a

Structu & %&@ﬁ Tt Ro e B ”5858@%35@9%&5%@9'9”k%@%' Akl ooe " )
PP pacnaond  MisPhistbadlion SIRLRd vt b BEPHEHAG s el ARy Hed it M
attenpt tad c@stribﬁﬁz&?ﬂ&htﬂﬁ?ﬁ diQ00Edr, ﬂiﬂarotaamfrvmldh isholredatattk rja;ke‘rgmf@rmarre used
i nt erchah\%%q L%{% {? {éd a%:lpéelne ackm he drcgévar%%?nﬁmgén}]eaﬁo ch" 1&?%’(86‘35

Al t hough CircC €s nmay have ot her

shapes®, imedtadiniigmn wa;a:gdiloarrbedmm ;baoamgraegmdmd tséﬁaxpe‘w p&ck(f@007] Cryogenic

separation of air is carried out by passing liquid and vapor in

count er cUooesit ekfisardtiutibhod ighic & mhcked Maphare oesaineat rAnsfapesiuphasesof t he

m xture long been recognized as leading to poor mass/heat transter efficiency. Liguid

maldistribution may be due to: initially presenting the liquid to the packing non-uniformly;

maldistributed vapor flow which forces liquid maldistribution through the mechanism of

25  vapor/liquid shear; and the packing itself, which has an inherent “natural distribution” to
which the liquid distribution tends, regardless of initial liquid presentation. it is well
known that liquid tends to accumulate near the walls of columns containing structured
packing as shown in U.S. Pat. No. 6,288,818 B1 (Buhiman), U.S. Pat. No. 6,513,785 B2
{Sunder), and numerous publications in the published literature {e.g., Stoter et al.,

30  “Measurement and modeling of liguid distribution in structured packings,” Chem. Eng. J.

(1293} 53 55}

[0011] Various approaches in the prior art address liquid accumulation near or on the

wall of the column. The approaches falf into three categories: A) those that attempt to

-2



‘ascends with an ever increasing concentration of the nore volatile
conponent 66§#1 gSA nitrogen) while a liquid phase of the m xture descends
~with an ever increasing concentration of the | ess volatile conponents

(e.g., oxygen). 10 [0008; Various packings or trays may be used to bring

t he quui d and gaseous phases of the m xture into contact to acconplish
mass transfer between the phases. The use of packing for distillation is
standard [ﬂo@éﬂl deederdhsHaboishayd tbednted ges usdtentergaegsably hdreiptd meampor t ant .

ol nt i ni Boe 4T v TP BE RBle TRRE Bt A E o R e e 8Rb TR U o
fl ow of 16rav\apg£r theoioezibs may havhetpashaneg, m?c'lmdmgnmgulénaa vl af reigarl | qui d and

t he vapor Igl n the packing is influenced by the initial presentation of
t hese fI T dE o the packi ng. [00091 Initial presentation of I|qU| d and

de b tr.ibut id
e o bR RC Rl SRRk Y EP LSRR b B SBort o o
li quid, iscunteatiedntabaieet mhmgmae;dsisﬂ@nor«\/oolhmnaﬂ\\x@po:rpmlasatcjf tHeuthidturet he rol e

of which is tqg 20 create. uniformva bel ow t Iocated
el ow + nebaaBs fln S GREo R Rote P AT B ShHa T WA SIRRER SR Bhace
mass/ heat nitrb@@ﬂfvﬁf;ie@oliqmmﬁhd’s@%f hm@rxhﬁermeémgrwsm @&rliraghangy t o poor
mass/ heat tran@f er mal di st rlq%hl on nmay be due to:

o e BE R the, Eof g cpﬁ*ppﬂamaée@r VSRR ni f of  y:
| di st f| whi ch f id | di st but th h th
e ehit) s iobBESVERSs pachiigh r Ry BR wepiiD Bthobay e oo SRR o
i nherent &g umahredm&i ¢t toaccokplivhimeRs &rbﬁsﬂet mtwdiaplslnrs:-t ;bheiyé% 'hvﬂtile lh@@dsd
we known a I qUI

regardl ess of initi Jliquid sentation, i
tends’t & Sacklna Phpisleugn 4 Siendit PESRE BOF ey AU ERE SR PSS packi ng
as shown dmapls (fd?@ht H¥aveves, %ﬁﬁk&ﬂé’oi@ﬂm @Bﬁ@ﬂnﬁmb is &érﬁdeB StideriNan c@eﬁﬂc@ 795

B2 (Sunder numer ous p?ﬂe ications in iterature g.

Stoter et@ a@éa'"'%éﬁﬂ‘% DRY %@@WW@%‘?O"I’ PQ’(H“&F %I“%‘threlhtﬂ‘j‘ﬁr%ﬁoY"rP?
st r uctsur exfiap@ard@bm)gﬁm the ph&amg. Bhe- dnslnbm(trbﬂ%?)hél?quﬁbénd th@Qbbr Wilkhih ks

approaches in the prior art address accunu] ati on near or on the wall
of the cdtaskig 'w&'uabﬂfﬁ%%ﬁaéémvadmreqeﬁi IOBWF gese diidgdp NesPackingt hose t hat
attenpt to Hér 06371 USA redirect the liquid which is on or near the wall
back int 0[09 paHid Rigseaken of liqgld andbgwof FPa*theéiaP%'H%tS Yy MEgR YCPeHIY  of

the |iquig didtomtas. ANiqLiRRIRAGKLR theameb @rnn(/mcre@rtoﬁrh%awaehé aémmg kifdrins ONMe.
degree, and redistribute ii; and C) other approac e t hree categories

are di scu¥EEinuiRIiBiRcatscabouetiaparkingewnin 7 yarRRidSHOEE:. theiaeiol Weigh i1S,9] 0012;
The tdheortedeningerr baéorq@m»awwmﬁl S Ibdd bewlthélPhskidd.owi ng on the

wai |l or along the outer periphery of the structured packing can be

re-introdooesy aMaFd’é@rlﬁ?ﬁlbh@hﬁﬁl){d #f pdched Ras-khask MBsk/MEdtlranafed Ealubinsfiaaw back
into the bulk of the packed bed. Modst 10 structured packings used in this

appr oach /PP PeeRrasaansrd A lRadingde Popmass/Beattingp %FB'é'reﬂCYrdf%#“i‘ al (typically
a netal frﬁmb:s%rmahlﬁ%)y Bkl mﬂ‘aﬁl} E@eemtﬂén.q@b% tHepRingirdmalfforaly; t he

coI um and agal nst the peri herfy the structured packing to reduce
“1i qui d dRddFERBiedaRes dow higmig[ces liguidmaglidisiigution Poualghe MRSRARSE Oet al . )
di 50'2@533151%6%‘&!.% sﬁé’a‘?%nd%e"ﬁ%hkm p&f, %vhif?h Htadn PR leBEhatAistiblp the wal |

and wal |l region of gacm %Vllt attenpt 10 re-introduce the [iquid

Wt hin tHe W@IW&@@*@ pligndends, r%aartﬂﬁés gfelmtlaHéwﬁ Resematianaylbie %@JI ow. These
appr oachgshave ﬁq%|d%ﬂ@éjt aeﬁ:\‘,?%h%geené’ér the Wafid BQ% HEHRRE c&%alﬁﬁ‘@%‘:r@&rgﬁ SC' osed
i n EP997189 Al otz However, as taught in_U. 6. , S
8 Bl (Buligahing astshews l@b'r&e?ﬂh Norf 23814HR3 (%whlman} &8l Ft’atn Hca@éuﬁﬂﬁéﬁ?on of
| iquid OQSBH@EFY\@%‘IIC’ rﬁfm%&@ﬁ@tﬂnc% 5 11‘3 /e Qbihed ih@raﬂﬁ@lfb B9 Sté:tblf bhgrmore, the
"walU wi to each layer) or very frequent|ly along the

hei ghp of Meaeurpmanabmdeuxmﬁh@aﬁtcgstb@ﬂmv@Struﬁureﬁrr@cklﬁw1*@ieéﬂc ®#-this
approach l1 5the fact that the liquid re-i; troduced to the packing
fromthe vva Aear wal | region enters the packi ng at the outer

peri pher y, g ?mw \¥!r|o|us (?B?L oz@fed inkkL g?érjt ﬂ%g@&%solfcﬁl‘ﬁ.é&u%twmdapeﬁbn‘ﬂﬁ! |

region a owar € center _
wall of the column. The approaches fail into three categories: A) those that attempt to
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] 0014] Modifications of the edoe of the packing al so have been proposed as
a means f&7#défAecting the liquid back into the packing. Specific
geornetries for edge region folding and cutting and cools for producing

t hese features have been disclosed in U S. Pai. No. 5,224,351 (Jeannot, et
al.). This approach s penalized by the increased cost 30 for tooling and

speci al ha[ral ﬁ% %% sheet of structured packi ng as well as

i ncrease cé WL‘B YN SR SEBH AN E hPIHdN P AR RS 5%@%@%3@"5@6}3“‘

Er i cks' )'a“t@fnps ts e talicetalpacki ggumghlo@hh%nms:hg pgoes% a?d's oyi/reer Q‘%&&élb'rr]r@ﬂ itMbt h

t he speC| c. orientat te t he edge [ ion. Furthernore, as
inthe ' h e 3 WiHer arﬁiprﬁgl?gfﬁjﬁ‘ € flynd é ) 0GB 3R rog& -llt,rkelt FeRIBIFHESiIF B cat | on
appr oach disslusssd belotvhe redirected liquid to tend to flow toward the center
of the columm cross-section after re-direction, whereas the liquid actually
may fdow either to or away fromthe wall and tend to flow toward the wall
in net. [DO15] Finally, baffles which extend a small distance into the

packi ng Gategdrind. | Rsimedactibraobigeid etatyhe col um nmay be added to redirect
liquid flow, as disclosed in EP0684060 Bl. This approach suffers fromthe

sanme sho[@Q@®}i rige thsotyfteehhiﬁhiﬂtﬁhmodapprdaamb mapthedeiesiowiig 6h thewdl o
re-int rog

| t wh t

re- accunurb%geh‘%ggle(ﬁlp%r'g %y %F%AF@ E“IPB%BQCEB %gﬁf’gfﬁ”f:gﬁﬁgﬁel ”PB?@"
[0016J Thétremeosgleess wif riathsllycﬁﬁvegadﬂymltcEﬂ]ﬂIbU& o the gutked bed. Most
T RS Bt B P Ber R R R B Eed s pL M ¢ T
di st ri butvipst” @fﬂl%t@d:éwdlpaig/ & psta! fo:hortgigm:zephbm:h is Ttheeddagdicstshd endiet o be | arge

d |
and 15 e e WBEPHE, 881 oo bRMIA Bl e BB RN 006515, °
U.S. Pat liaNsl ams) wargr 652ag¢sTayl or, et al.) is an exanple of a "standard"

approach to liquid distribution in packed colums. Liquid is captured from
t he enti FR813] 045SsBet Non56124t35d (Jaaiialgetial) distiopes ad\«rralitpprsoe! walkwipets t hen

m xegs t hma@eanerc@nau.gwo% feQWaI APk ff&éﬁﬂ? 8 1h@ Ecigﬁé Q mgla%%wo%l.m&dﬁc%e

liquid sgnewhat crudely to a seconda stri utor

di st ri but@sauiewihitithe Samgweaking daver orahféle;moahw qﬁém&biayw helow: Thage degr ee
of unif owprbuehééame & bafhed PERFLIA & r@gh&n%mbg%&rbﬁ' SHt B egﬁpgeﬂw the

secondary _distributor. The cost assom ated ol utm "hei required
to get u%PP%?Tﬁ%M&KI@W EbR/-Jablovsyer j#s teeghiimY et &ﬁ-@@&?%ﬁﬁﬁ@ t he

secondar g fhinsdrir) DHESE caMErkiBn AR RIS ?eé 6 BEQIAISESH SRl ér?th\é%é‘li or

significant. Furt her nore, manuf acturing installation costs for this

t yperlof RRATYRI rBiog) %fdhapédﬁv@ﬁ’ur@@érae@e%ﬁ Wﬁ”é“‘ﬁ?ﬁﬁn%§?§9ph%@é?35h
di stribug9es Oaﬁéwqmq\OeHﬁyteoﬁ? thdBeibAPoBhe RapPacies, S&;‘Eﬁh‘c@ﬁ‘ts'b‘%hm 8t fhequi d

streans arﬁlgl ntroduced or wi Thdrawn, or to interrupt a very tall packed

secti on '§6T&ENEY OEW%EFPP"E’B%I‘%% B the AR At Ner FidrsioBuesDR he pa@kmg

i nt er mediréheh® Qialor hBak-Hal tedidn Baskethesatk t i Gl
(alli ngrﬁa@ei)p&?i béﬁklas a]veagrlrant ofﬁi‘te he s?g%}jar&g&k? p@%ﬁé%ﬁ?ﬁut%ﬁ

desi gn tapegd o)/ eaT WA eien Buliew é‘“’i’%’ d shes perereef tﬁ%ove t he
di stasi bUcwszho ef fect enhanced liquid mxing. 4
[0014] Modifications of the edge of the packing also have been proposed as 2 means
for redirecting the liquid back into the packing. Specific geometries for edge region
folding and cutting and tools for producing these features have been disclosed in U.S.
Pat. No. 5,224,351 (Jeannot, et al.). This approach is penalized by the increased cost
30 for tooling and special handling of each sheet of structured packing, s well as the
increased assembly costs associated with the individual segments (or “bricks™) of
structured packing which must necessarily be assembied with the specific orientation
mandated by the edge modification. Furthermore, as in the “wall-wiper” approach, the

..




06371 USA [0019] EP0684060 Bl is a variant of the standard |iquid

‘di stributeg37desEgn, in which the irrigation hole density is varied across
the cross-section of the columm to reduce the resulting maldistribution
created by the wall/near-wall region of the packing. [0020] U. S. Pat. No.
5,464,573 (Tokerud, ef al.) is an alternative to the standard quuid 5
distributor design and is used to save col umm hei ghb' cost. Use

pre- di st r pasUitrer-eqae-aeaiigeiP nApPeg U R §FPN ihalﬁiewsvferdéwcwat?mﬁqw f?d‘c%(‘ij ng

| ocat ed -abgvenpy of 5 iLﬂﬂn%Pﬁ%lé)éeEtrdw&fbr ré @|r9&%n%@f@h§%@ltquﬁﬁacﬁﬂﬂﬂwﬂé¥1r'ng
is used to capture | owi n erln%lsfltted W t

feat ures fav gltnentamaaaytr@wgﬁﬁ\) ta@ddemde@tﬂ%@wammw it 62t he bul k of the
liquid distributor 10 £0021J EP0879626 A2 (Hive, etal.) is an alternative
to the st[&lﬁd‘é} dFineduitatitEssigrbetend aéme@ﬁlﬁg«meu@toa%a&l%@é@r@ ted INgiHe

hei ghts, “Qahe1elf o cAuh Srd)l R dddulior edn%c?i@'dj@cgfvté)éo@@éée@% ERteshoe t he
captured I qui thin a series o ghs on top of the vapor
risers. [BD22hislapgroaehtsufipis.fra ﬂrwzsa@%smwcp@mws tae péﬁv19u=8' desrgBes a
l'iquid di r t ection
above. %dl sﬁelgbu%hq%odntgﬁgﬁrk tﬁ@%mﬁgg\%ﬁ ﬁg?%% le% rogx\@gerzgg%%it
entirel y raey ozsctureuigielrapmiycr oss-section. The plate is fitted with sturdy,
i nverted troughs for vapor flow and packing support. Holes in the bottom of
the plate distribute the liquid to the packing bel ow The distributor is
sealed to the columm periphery such that liquid flowng on the wall of the
col urm® i sCelapord.igwit holdvéors/estistghuia® t he |i qui d descending fromthe
packi ng. There is no pre-distributor, and no special neans for m xing
liquid ca[pﬂmaﬁledTlﬁe epprohehamah thisicttegotygendest a fuid hellechpy mixe/te-digir@utiom0o23]
U S Pat. t : - apture
liquid fl o%'cﬁ t% h%%?ﬁ%ﬁé fwﬂr%an@;ﬂ% flopf 'h ﬂ%ﬁ)té%l}ﬂqh r&*gc??éﬁ”%%’g%ﬁd;@ rirgc'(tél on | ocated
above a | paqmrtdatmnstdnl Lb@]ﬂ[S[FItE.EQOTdGBEﬂHCIEbéIdQIVBD(U isthePetiumiNol hebdenB & s086d to

(Al'l eau et_al t.h s 25 0 nLur uid
into the efﬁlf%e a%ﬁ 'n\f%ge agﬁ’ %us ¥ paﬁ{s ¥ 'AC%{ Fa éé‘%akpﬁé:ﬁ@ﬁ?té ﬁgftghéé{dgul Kk
| i quii® cahkectied costs theodaktsd wutblaﬂdmonmz:wmtyel@t Q her approaches [0024]
These approaches to redistribution require the use of a different type or
density 3J008T] p'aichPray e tREREIANG 2l ar. ge |l sie anicyasiptsf of pr’ étﬁcﬂdﬁﬁh@mpm i ng.
The main y
2ddr st HOCP AT A YD P e R T s et B B s e

peri pher yof thépaoiﬁ)@?ﬂa PBAdjsO0RE]r,” Whih Pat miNs.the en®6.ligug By l(lBuﬂﬁWﬁh@f)

di scl oses n i, St i [

short sec‘?0 06?%{&%t'ggt%nhqcl‘l%%%%\k@éélcﬂn“lq ra}r’rt% a“?e%ﬁﬁe@‘ragést{&ﬁ p%"ﬁ?}p}ggr&ed
sect i2gn. d’ttebmskmmgntusedusdrﬁownetfﬁqmdku@émiovowﬁhsx higit eggied ohgnitormiians of

redistri tlon of ‘d ﬁé N? n’f -ﬁl_l ses a
reans. 1o B Prg P Ear PR e e SR e SRR, R
st ruct ur egkspaiakddngith tensiwsitni h@gmfresmnrmmeednlmldaqn@ floint dcrbsanheagigtance to
flowin the central co e of th h astru C t i gh
ool st aneBSrEER e, o s et Bry SR 2 o7 Bty BRCE DAt b, b

very significant. Furthermore, manufacturing and installation costs for this type of design

25  also are high. Because of the high costs, these distributors are only used at the top of a
packed section in which liquid streams are introduced or withdrawn, or to interrupt a very
tall packed section 80 as to effect complete mixing and re-distribution at an intermediate

point in the tall packed section.

[0018] EP0782877 B1 (Billingham, et al.) is a variant of the standard liquid distributor
30 design (U.S. Pat. No. 5,240,652) in which a baffle is suspended above the distributor to

effect enhanced liquid mixing.



central core. Both of these approaches attenpt to address |iquid

mal di striBR110HSBy changi ng the characteristics of the structured packing

- within the colum, but no special 10 provisions are nade to address the

pr edom nahce of quuid on the wall of the columm or in the near-wall region
of the packing. [0026] WD 01662 i3 Al al so proposes the use of packi ng as a

ocour s v e ERD AR VB SN SHECRUAET ST PO HE WAgbP T The |~

downwar dl yncfdn@wrﬂe ddrgui & mlfam@w‘ssttm@crbés b@@@amﬁmeoéomrhe td fequbd the f1 ow
downwar d because

dravit results is | ocal | h density of
li qui d apiFFBHR8im r?gd’ts‘ﬁ@“ é’??ﬂ?d(w thqwall/ngairuel fegion Offy{ﬁnfaa‘gﬁ‘{‘gst andar d
perforated distillation tra T reference te ches of a .
Dot o OORPEH Udb it o am 477 bIRAEEn et a4 o FEMEBE SRS areauar e
densi tsy p@skbDer besigh aal & Laerb skloedung H‘e bbdtONBeid atphe-didtrglutelensi ty
- packi ng and thereby redistribute the lig nor e nlforg}xﬂln the | ower 20

packed se®f{Ad DINRRSWES 'Qu'dpﬁ"fﬁﬁ'%er%théPéC}%ﬂj@C?f@ 20K} P9 PYEYEYE | owi ng
on or neagside MRk eﬂ'fbotdh'ﬁerﬁoér#’gﬁhulﬁ oS dyani-aae 0 lishib Sloamy sk Wal. t hat

it introduces additional pressure drop into the vapor phase as it ??}

t hrough tHee ﬁn@mfa@ﬁswfweew%d@é&)faﬁ?a%krOthS)[t@élz@ﬂt tﬁ%'él%%méfg%ﬁ tedk g thepe
three appiRALHLSIHAIF. surmarl zed in the Table below, 25 which includes the
associ at ed di sadvant ages ' shortcom ngs of each approach. -6 00371 USA

Cat eggy y| D@Qﬂcr EPbhRdERe /@ @-%ié’ anLAYeIpheEHEAME RGh Atarlard Rui®degbuen of ~
Devi ces or packi ng: The idis re-introduced closell UId lo‘?‘?@ij%é
ri phery

f eat ur es JesiHt ad Grusedde sa\fe(ﬁqluﬂen Wwalght'gastt Hae ebt RIfcigto Wéﬂfa%\fa*

act topa fd WitHiS aisBtieeUGRall tSUbnd chabp keing Feturn
to the mc#émgg%gkﬁﬁgélg%%ﬁogﬁuw ckI gst er redi strc?}t?Stl on. % Li q\ﬁpg

col | ect orr&sers- These are deV| cesBecause these devices

handl edi stri but orswhich capture all of thethe full liquid flow, B'K

ar el i qui dOPRA Hef-fRedriiarfe tEEeEHT (Algalng, Ef@éhﬁﬁ?@%‘?%“q%ﬁgl@&?%‘e&fh' and,

t Oand: st heyef 8&1% aeoasidép\sba)&@?ryﬁne 2HeH &880 QBéx%”'ﬁ’he HRtrFuXoridonaB@r @ di ﬁéévybUt e

O her proac erent Thi s approach does ncttypes/densities
of expl i ciplpip vwaﬁraj ptentieplasel ARIrAk\PETISE dheadldnE (CFRSSTRECH - é@@d%@tat'%aﬁ%i’ th

' proposed,astiy Wv%rtédﬂ e h@ﬂaﬁvéwfﬂo@@%arp%eknﬁ@ Gl RHrO DI ik Pefom @ ess

‘the maj orsectio mech an| smcontributing topredom nantly otherli qw d
mal di st ribatiasa distiske H‘les!@eldltﬁ tiee ppekoEs)elew- The %@@‘Ht@ﬂ'stsﬁalﬁij\}@ ta% CelpPAr at us

and a matp%?ﬁ!;hte szl h&q LRI &F esﬁé!'cp%é BYuAnfid ewt@eqaviln tHbirst of

descendi n n exc e col h captures the liquid on the wall of
the &8 u ecbﬂUlditeSﬁerg:ilrcmfr@ﬁ tfnmea@ng&ha?eea NpREK ARt B BRFRERIZITBEANS

redi StrT Dt Rutf b LAULEL S L Pt I BB SlachliRgshruct ur ed packi ng

away from't I's further desired to have an

appar at usyggash au@tﬁag%écgz ééﬁ@%ﬂ%ta&%lfﬁﬁbléééé DHidaRg t@cddton ifuic 17 qui d
descendlng I an exchange co requires relatively little

addi t i ohaflowiod gmthéneiht paihsaesebpatda R@é&q%seqtieowﬁtth at?%/é@tliqwd furt her
desired tg hay LAt ERhrh&Ciing AR EGial

redi stri bélj HBU&QEGQ&Q%FGEH?“@ otlatzliéens%tc{egr?j?gr?o@i'n an ‘exch gn e cp(')]3 Itjirm whi ch
does %ot wawsemao@rlggnti‘fa mreaﬁ@ed irﬁvé‘sesttﬂf@rdﬁ d1® distripwier \iaﬁﬁfﬂciﬁé@ﬁm ng in
the colu 0 t rt. to have an apparatus and

met hod fgpﬂ:xg[%f ebdl?hcﬁ.ﬁ lefctépl 'Eﬁ{ Cﬁ'%ﬁ%m?ﬁow of a liquid descending in
an exchange col urm Whl ch can be integrated with conventional hol ddov~n
gratel support grate designs. 15 (0032] t is still further desired to have

an appara d collecting and redistributing a fl ow of
liquid deé%%ﬁ%gn%a?ﬁgé%&%% éar?ge col utm whi ch decrease the

[0024] These approaches tc redistribution require the use of a different type or density
30  of packing between two larger sections of predominant packing. The main drawback of
these 'approaches is that they do not specifihcaily address the maldistribution associated

with the column wall/packing periphery.



| i kel i hood_of mal performance caused by gross liquid maldistributionin a
packed coPBwh! H§Aw1t|gat|ng the effects of liquid maldistribution. 7

06377 USA j0033] It is still further desired to have a new, nore eff|C|ent
apparatus and nethod for collecting and redistributing a flow of aliquid
descending in an exchange colum. [0034J It is still further desired to

h t t d redi.stributi

DT T au o BRRRE iR Raneatnined EONRILARLROG & Fitsh | Rhayel@ i6L8"

difficuItWBSpa@m@bbemﬁqbyuﬂrgaumOHSecMH&a¢maMh@gasmuauﬁsdehr&oemmeessmf t he
i t tt dya 0035] 1t

A T L

co: | ecti gﬁe_daeﬁﬂbxgt?dlcgmqugbu:_l SLgPaa lﬂbgm&ciiui tY% Eegﬁmm%ﬂ)ﬁ&cﬁﬁ@mmmnam exchagge

colu \ | C Qr e er Ul 1 Stri 1 on n a

S o SRR R b Lt b e it Mk Ceetbie thndting 8,

prior artsthibt@rfeﬁ\ﬁadﬁn@@dith%w@éﬁﬂatﬁiﬂfﬁo&@\&ﬂﬁ&l@@@ﬂ@l tesW tie cdl@ﬁﬁ@]ndlt is

still further desired ave an appar a met hod C cting and
Fed st 11 bR A EFOUR ST Gaie Hage BRI G oh ek P BRCA SHOBU BTG which

show hi ghcé?ﬂrraﬂ eHIER B ﬁhﬁlé@@bﬁgﬁﬂoé&}h&satfe@ﬁpt% ¥ogesd Eqiﬁ@ﬁiaﬂcﬁﬁhbtﬂlbﬁ b;SUCh as
those used in air 15 separation, and for other heat andi or mass transfer

appl i cat i FHEINIHS FRarectesisdes ¢fdhe sHGegIrGCHaY &IHINdRE S0lPTY BHEMR Sppgal

separat | OfoRERFESTe Hddkitd aREread taPHBAGhINNEOB IGRId &€ tHeNgaIBsTdné ediufin dbut i ng
liquid which is nore efficient than the prior art. BRI EF SUMVARY OF THE

| NVENTI ON"20e eo3ef! msen fVBRPRE Y s an apparatus and a method for

col l ecti n[% and redistributi nl]% a flowof a liquid descendi n& i n an exchange
col urm t ol0R2Phy ¥fO G 663 13/LT BIPRBYREERT HEF H57 ¥ MECERE RARGESTBF AR eqiR0Y

i nventi onmgkipg US@Q)'T %ui@e eidhed Hirira @i 3888 G BEcSE WhedRh @ BP@baytkemicl 0039]
There are several odi nents of t'he apparatus and variations thereof. In a

25 first RO F?@H{pwatrﬁ!é Happerarason 8'}‘9 W’]"‘@é‘?’}/ ngwiaediariEhaangesdbeng a 1 ow

- of a {3 quicdqeescandd Nk mms&&h@a@%e@abm aviynovr: kaygh ts‘@ld&étly anhS a
cross-sectional” area, and a inner wall g an’'inner perineter,

exchange Y¥ISiie beHE aPRicAghiAg thee%“ts'tbﬁ%th%@@ foth @PG@P@%’&F%EE#H@T%W ng

an ext er i Qkt|G4bh &6gs SPRE S&kcARRE tte;IdhemJ&@@f b BhEH EQtticRRS hiBLRhsBf phdiend nner
wal |, includes three elenents. The first elenent is a wall-flow 30

col | ect orbelveppduetalar sertioax ehangedemity RACHRDIACTERIE 'P%QLQPO%PQ §PPYERTR Bd -

packi ng, ﬂqe%ldw&énsﬁ %r%‘é’cb@ﬁgb Eﬁ&&%eﬂ}ﬂ’éh@g)b@t’b tﬂle'thaﬁldﬁﬁéﬁemiféfml?m #eaBlvet he
i nner perinmeter of the inher wal bei n?or dapted to collect at |least a

port %6 dPaokRE SRR Nomé@h@‘?ﬁ‘@m@ﬁ 36? Maeg Cgp uring liquid flowing on or near
the wall of the column. A disadvantage of this approach is that it introduces additional

pressure drop into the vapor phase as it passes through the high density (flooded)

packing.

[0027] The categories of the three approaches are summarized in the Table below,

25  which includes the associated disadvantages/shericomings of each approach.



06371 USA the inner wall of the exchange columm. The second elenent is a
transm ssP®¥ hEl@As di sposed in the exchange colum for transnitting at

| east a portion of the collected liquid collected by the wall-flow -

col |l ector toward the |ongitudinal axis a substantial distance across the

cross-sectional area of the exchange colum. The third elenent is a 5
di spensi ng rrganc for dispensing -at least a portion of the portion of the

col l ected | i‘&ﬁt'?ﬁcfr‘)/nm the trandifiSgdati®A npans rniﬂiﬁﬂqva}pta@e@hoammmure
‘packi ng. [0[})4?0]Bﬁ"l@?réd%ﬁ*i@”s@&er%\”f?ﬁ&ﬁf BRGkIT of | iThe lipiiFds resifedieRshe! 0% | t he
appar at us. | Ha@HdosadY i ati on, { FRatwaE lacpisshtdios | eda e wal dfitheaplymatatiiched to
the inner wall of the exchange réekitgrheridnenaadthepacking aeiidery Wherewaisl - f | ow
collector is novable in a vertichitrodiesiadicoi® 10| Skantp elien toig waldiagan axi s
wi thin the éxchange columm. [OGzIfadkitoyet anot hevewvaruiedy diter redistribution.
transm ssi on Brbiovyl cdleplorses aTpksa e devickeast aBgortdeghesd devieesphande bei ng
in fluid copdiatitsderson wi t h t hevhigaldapfurewl obthk e¢ thror full fitngd fibat tegxarendi ng
across at |least a portion of {heuidflogsgdent &onal nacesadlfy bidieompitatnde
columm, and|the di spensi ng neapsckeomeciigeandttol easd tfemefosperstiure in t he
plate. In another 15 vari ati onyatyimg degegesimi ssi opn neans conpri ses at | east
one extended w per attached t oattérepWalnixftlaoey col | ector, the extended w per
penetratingjacross at | east a| pamiidtiitane af the crpsssectional area of the
col unmm t ovr ard (tihe drprgichasli naDifaxérg. [ 0042] | n) Shisldppyeich ainet het
variation, the transm ssion nepamss/dengtiessefs at | egdicitghentiedugh in fluid
communi cati pn with the wal |l -f| pucida) haetiaren t hel tatdighbeichersdosigtedoritiss| at
- 20 least a portion of the crosprepestd enal area pfhetval fvehangehusodassn, and
t he di spens|{ng nmeans conpri sepsrafstlimast within aper horaidsessakentdi@w notch jin
each trough{ In a variant of {bésioani ation, themappaftiahusnaibsing ticl udes at
| east one w per adjacent the [ prepmivalntly ofthet he elqphangedistobution ior the
exterior sufface of the structpssghgsacking, the pagigigsbei ng | ocated above
the trough and adapted to transfer at Teast a portion of the [iquid 25

descendi ngogs or i@aireti e hhvined ap@drhiuk Riha strhethbd erdialiedtiB@4dl redisRibegeond

O T SRR 5 S Rln o8 e R S PGP LA, °

Cr 0Ss- secvaipifahe @abRenn &nNBe ddbidbahe WaldiuRa\HaBgn@ M thenefunpeld reekeibutd fhe
irst | of structured Packi nl? and a second
u

h | ) taini. f
Layer Pof GG Tele alkPhe p Gyectieg FRCkEs ey BPmat e st et ur ed packi ng.

oxt or or 0RToR DR AR 1o P e HHE AT o L (AL AG g ment s

The firstregis@Ribg bSlo® i@l llguld @¥cedih@ il O1 exthanes eslumni vitieh @gahange col um
above the fi_rst | ayer . of structgr,ed acki n% arad bel ow t he second | ayer of
st ruct ur 83 %EKiRE, 2oAHen@AuRD Wghbfnd as589%P A 98ASc ol | ect or adapted to

collect at |east a portion of the 1iquid descendjng on or near _the inner
val | of 1RBIEK il B1anARSerhi NeE SHEPBREIEA'G & M A5 EOIGRY hERber

di spaged refistritetiey 6 NBRA? .aRuINEEseetNee R drhekchhfgd chiaxarvidh ddsutdtuhese
packi ng and the second | ayer of structured packing, each nmenber adapted to

support &t s»g@iggqntédggg PiesauGiarep & W8 vaRgr ascending in the column,

[0031] Itis stili further desired to have an apparatus and method for coliecting and

redistributing & flow of a liquid descending in an exchange column which can be

integrated with conventional holddown grate/support grate designs.

15 [0032] tis still further desired to have an apparatus and a method for collecting and
redistributing a flow of liquid descending in an exchange column which decrease the
likelihood of malperformance caused by gress liquid maldistribution in a packed column

by mitigating the effects of liquid maldistribution.



5 layer of structured packing and to transmt at |east a portion of the

col |l ect ed837q#®A col l ected by the wall-flour collector toward the

l'ongi tudi nal axis a substantial distance across the cross-sectional area of
t he exchange colum. In a variation of this enbodi nent, the nmenber is a
"beam having a first end, a second end opposite the first end, ahd an

el ongat ed channel betmeen the first end and the second end, the el ongated

10 channdPOBFi niyisi st furthed desimeivi exe iEg e Waitaie ERE SRR RPRET R & 208 IMIEP8 foT

[0044] A dohidithg %maq@a@ﬁmbn@g a§1B& ARMBLALS e iR Mdnddxchondd&igaaond _
enbodi nent but i ncl udes at Teast one aperture in each nenber for dispensing

at | east rgopgrtik %rgnﬂturttt%@ d@gtéoet%tr%@e ah%bgrattsosﬂot memttsrccs[;@ct ahayer of
structured packi ng. [0045] A fourth enbodi ment of the apparatus Tor

col I ect i rgdigfBpuiegir devidhatHy CESW'@SWQ)W £ %hﬁnwtﬂum@wmwgcqrﬁe e
exchagge kLI, BRviis nliRaghd, ta%alaaémg%éss an@ dEfiQSRTISeatho9Ab # ga, and an
inner wall having an | nner perimeter exchange col um containing a
first Iaﬁ%@w@ﬁbGH@UﬁﬁUF@@Eﬁ&@k@ﬁgoﬁm@sdﬁ%econd | ayer of structured packing
above the first layer of structured ackln% each of the first and second

| ayers ofl0835luch igrsditl fipthek CAgraskieinaye arineRe@ar 6FsENRMEcE HRaceds &art from
the i nnerg M@éttn gct!eé{’rgt‘?l utctrﬂ:té L%%ﬂgqgﬁd d-EQ o‘lrf F‘na%%x@tltﬁmmt;rﬁn QVH{@J | -f1ow

coIIector dISp ange c the first” | ayer of

struct ur @éfors&b@tm liguid disritoiion Heanstbe grier ﬁiféy?@d M*ﬂctsm@@wp@ﬂ%myr@ the he

wal I 58! O‘Hﬁﬁ(ﬁl LS d:?ﬁ\féﬁtﬁb@%%@hﬁé pﬁtofr Qﬁg@grotv%et%?tet Qﬁ@ho\‘\%évﬁ‘f‘é’%&%pt ed to
collect at Teast a portion~of the Tiqui escending on or near e I nner
wal | of ﬁﬁ%ﬂ@xchange colum. The second elenent is at |east one beam

di sposed in the exchange col um between the first layer of 25 structured
packi ng 4PRpP&Ihdt isedbfidtneagesiragitodiare e @pparapacEidiynetweiovedlfriapidd to

t | d
cach meniei-FEgnga A8k ol 2iad fBeRRERR G AUFARE RN FRI RROBASENT 2nd an
el ongat ededhemarde, chasadteriptianfo pemwoeoip aanbb%oms,@gﬁh apoReenet irealfi rst end
2nd 157, 3pp0ofhe Lhenel anaared: HhRREhbPLAfichbds U d comun cat on with

the wal l ow colTectof and a to trans | east a portion of

t he coII | t he

| ongi tud| 'Tﬂam sgg%su 'srlegglét; ﬁ%‘fé)%{@?%ﬁ@%ehfc%o %ﬁaqﬁién?ﬁggisss%@?f] r?gl area of
t he exchangerated ignnolicating and resistnmaing iliguidtwhicds mase effgiget thanghe Rriehatf | oor
of the channel of each beam for dispensing at |east a portion of the
collected liquid fromthe channel of the beamto the |ayer of structured
packing. The four'.h element is at |east one w per adjacent the -10 063i 1
USA i nner wal | of the excﬁﬁﬁ@éSéBNﬂﬁﬂYé?FFHEiﬁygﬂﬁﬁéw surface of the
structured packing, the wi per being | ocated above the beam and adapted to

- trangf er [2Q38] ealSte iavgrdioniioan @ppqrhwsmnqm rdeied (& rigileginerngredisEiPuiiteai nner
wal | intg I f FQ?%

appar at us #ng(r? a@@%ﬁc%‘j’gﬁ redi gtabggég%%@té fl%\}oé\;% ttﬂ%@tplagﬁlpgh?the
descendi sychangercodwahahie inyehtinmeltainchigesalmeipdd ivdirpsdmidiiigsuch an
cross-se%%é?gﬁksarea, and -an i nner wall having an inner perinmeter, the
exchange ‘containing a first layer of structured packing and a second
ayer Of (el Cled JRAGKLNG AR dRECSPE 3bod AYRTr8l aBLERIHERSLPACK NT,
each of e firs secon ayers of 'S ¢tired packi ng having an

ext eB$ or fi&lﬂﬁﬁmim@"&c’@d a@parratqufloomltBhﬁﬁg anteredisgritufing adbwdd st ffavidt el enent s.
The firs .ement i L0 di 1.1 R nge

col um atggé%rﬁwidﬁjsét&r&y%g?éd[ é’étﬂ \rgﬂlg urle 'tg‘g‘é‘%t %@Q%ﬁ%e%&‘?%ﬁg?ﬁé&gﬁcond

| ayer of astiruoteresl Immg ayinnetheenivadter thmwctemgeemiwnbenta@immwdba@ dng a

and agaplar S5 REe PRy Rafe Ih bR B b Sl ek P B IRE G or

near t hepenmetervwhlite iohertval, mcmdaageeeelaurmnts Thee Hretdndece! iememtl-fiegwat | east

Ct et ur B0 SRR A Ve SO Ty LR A L T B bt Raeu PRI X, eam

adapt ed Maﬂsbpp@ﬂbcmthh@@gbnaummpbmmamohdab@ﬁgmﬁmndrmay@mEoﬁtsemuwtured

ond, andCa “EF G Siremtinel e b B oh PRSI S AT B b en the

first end and the second end, the elongated channel being in fluid 20
comuni cation with the mall-fIOM/coIIeéior and adapted to transmt at | east
a portion of the collected liquid collected by the wall-flow coll ector
toward the | ongitudinal axis a substantial distance across the
cross-sectional area of the exchange colum. The third



elenment is at | east one aperture in the floor of the channel of each beam
for di spef83figudt | east a portion of the collected liquid fromthe channel
-of the beamto the layer of 25 structured packing. The fourth el enent is at
| east one wi per adjacent the inner wall of the exchange colum or the .
exterior surface of the structured packing, the w per being | ocated above
the beam and adapted to transfer at |east a portion of the liquid
descendi ngedin@rvaietng pechizngecolan. Thetsscetieclemanhiéla B3NsThes HedRAtF0047]
Anot her aéiﬁgﬁéeoﬁfw h 8 dHAKED LR fgr ﬁéhs?ﬁﬁﬁih@@%a&oé HoRoh BF thexehiadgh nguieat
30 and/ or ss between a vapor and a liquid descending in the exchange

col umm haeelisgtesl hyohgivtalidionagollastios fover¢ edergitedinkbmds 2 sresianighdisiandenner
wal | havi goddidi0els DEREBLSLS oHE £XCRAROSIGRL UL HABERIS & group of
internals. including four elenents. e First element 1s at |east one |ayer
of st rfuct diseehgrEckieags foavispgnsing ekleesti oporgen éfdbe pspaoad thepeniecttddimuiche

i nner perj r - L.nne e ent is a wall-flow 11
06371 USAIFJ(;:%IttﬁéeE:’?lésrr%gggb@%%@%é@%@%ﬁ%ﬁgﬁggﬁj&%gmggbki ng, the vaall-flow
col l ector i n r rJ ' ‘ [ ] er,.qf. .t he
mner vl 10020 BaPR TS Ehe BEr BTLE kAP EhabdelPaihe AR R Ha e o
descendi negarafiooythaeat-flohecdlincter isviixkdly atiathve te Xohiangewelbbitim exdtengehi r d

el ement i r 1,ss1.0Nn s i L I kap of the
5 col ect S P ET St BTy bl bRt P g TR Zab MR s
a subisx anglpad thdi Istgincihsheriosgthintbe exdeswseotumromal area of the exchange
colum. The fourth elenent is a dispensing neans for dispensing at |east a
portion ofo0thE poydticonthef vareioo otk emnetisksioquiairtrromprises eiptaigdtssdsha neans
to the layer_of_ ith ruct ured packing.... The, cting
and redis Orrlg'%'ﬁf] f ttrr?sepéa%% Ibg{%vgd? ﬁlé'dﬁf‘}ﬁ“d‘? lﬁ% é'é@gﬁﬁgﬂ?\egw?rl\@%Q%ge%%hh%%é%col um
to a | ayeextofdisg ruotspeidapackinign di hpased-dentidriaeasactidng exaahgengpiunire
exchange co]| ‘having a | ongit udi i r wsect ional , and an
i nner wal Tn*tg\g?dﬁ%aegﬁmgﬁ'ﬁeear‘nsp%mpgﬁg?g?{ [e?%cq%ﬁgggﬁﬁﬁfiﬂ% Fglg{set' gﬁé né‘{ﬂ%g first

st ep 1iss twmriatibn,atetanthasionqueahsi aotrpricbe agxed ang exeoldedwiper afiathedto the

step 155 ta . wiskeadichangex: e
L. exonaHDBTRR O Hol B iE =R PaT AoBBaE T et e or e 0 Eiehr e

packi ng hsactiogsiane 2kt e icolunsuiohackthe perciddiaplends. f rom t he i nner peri neter of
the inner wall. The third step is to position a wall-flow collector in the
exchange [@olziminabidwet tiehéaxeeintiaf, tisd ractmisech paeks ngmansksoellaagtthe fir st

| ocation,, the wall-flow collector. havi an,out e [ ' he
| nner  perTotRel T8 S PRI M B E g e e el Rt 2ERRhal
porti2en akasthepdrtigublihdesasrgbcigna arar ofnieaexdhhege nolemmwahd thef diggertsing
exchange columm. The f rtE step is to position a transm Ssi in the
exchange 'DBF Ui e} BeanICnE S ar T F T S0r BalTLarse b erd Trihar s -0A heans
adapt ed tipistvaaiagsm, th@bpbaasik assdoatildenatoéast bee aqldrediaedni theunrndr eallloéct ed by
the wall-flow collector toward, the |ongitudinal  axis .sulk)E tanti al_. di stance
acr oss. t HES EFORRIGEATTORAT BT St el dMar G 57 BARTSRa® MY BoLlep | <
to col | edbcdtbd abevariel trdgbvineieldapeias trahsibeststéasa agartdrost toé lidbdt he |iquid
desc?%di ng on (g_r near the i nnerﬁl_l i ﬂ;l'he Sixth step is to transmt a
subst@nt i F°CpoY'T'P 6A 061’“9%@96'6?@ FYC MG W col I ected in the wall-flow
col Trect Or[OBg rlcrlw at Qeecoln(c)i%%tgo%%gr%! the apparatus for collecting and redistributing a flow of

a liquid descending in an exchange column having a longitudinal axis, a cross-sectional

area, and an inner wall having an inner perimeter, the exchange column containing a first

layer of structured packing and a second layer of structured packing above the first layer

30  of structured packing, each of the first and second layers of structured packing having an
exterior surface spaced apart from the inner wall, inciudes two elements. The first
element is a wall-flow collector disposed in the exchange column above the first layer of

structured packing and below the second layer of structured packing, the wall-flow

-9-



axi s a substantial distance across the cross-sectional area of the exchange
col urm. TiE/devefth step is to provide a di spensing means for dispensing at
|'east a portion of the portion of the collected liquid fromthe

transm ssion nmeans to the layer of structured 30 packing. The eighth step
is to dispense the at Ieast a portion of the portion of the collected
liquid fronlthe tr ans to. the | ayer f struct ured pagki ng.
[004S] ArGURERT ASFAER (B F0IeReRt PRRARCHITT & B [ B aro aN G B rer
separ at i oRalCONPE :celstmcf@mmﬂ@m | nged@ed‘ohawxamﬁera zﬁ@tﬂéﬂ‘@h@gnémlﬁﬂéldfbm@dan
counter-c rrent oW 0 n_ascen or .in at |east one dist tion

ol urm ot SXATAE e WA BF vRe THa e pY ArSar oL s PGB ATC A SS o FulFer e n
li qui d- vapetrueonédpicky, eatablehiheddedto $9ash LNt ayeftiopfor Sid setdided
packi ng, and wherein at | east a portion of the flow of the d;ﬁcendlng

|i qui @ i J2¥519f sEvelyradRra<Bg; andrtp et £b/eapied ReToR PLINEFOPTRY AYHBy an

appar at Us:cR&Rda§ thdakiBwadVe@b: bh8rPRBQHINBERSl His & BErARRAN aiswﬁwd@r
vari ations thereof discussed above. 5 [005 The net hod for assenbling an

appar at ustoF @S BB eetSaThoRM 4 e 13T FXBRNERGOHTTT dWA0RE19 §UlE descendi ng

in an exchanagmen, Wm%ﬁhb@r !sasY@éan%a@ﬁé H@n?é!reﬁg @@@d@ﬂ&%dd%ﬁp@@nt@#@ﬁ@ge
col um, the exchange col um havi ng a longitudinal axis, a cross-sectional

area, and™&hanfABEIRNERteHEENAE hetveainae fipsEndenethe peroNdFEs. e @PpPEest eps.

The f1br5tch%hﬁ3@l Hetnd B FRILMAS UhiREIBHNGIRRESHT M Tblledide second step is to
provi de the | ayer of structured 10 packing in the exchange colum, the

| ayer of ééIMCtA‘ErﬁFB @rﬁ&&zﬁa@nh&\{hé‘gpﬁﬁa@éﬁ@érhﬂﬁr t%blﬁé @aEé‘on%P&Q@éij RRAL buf rom
the inner perinmeter of the inner hird stegils toinstall a
e

wal | -fl ow@mq%@tl@w|0ﬁetaﬁert@rﬁdhsﬁ@ém@mb@ﬁfwéiﬁwas'ﬂ@aé a5'e3 Portics ©of (e ur ed
packi ng, dohecreahibaifikow ﬁ%lrh&%é}rtoﬁl@éﬂa?@r Suopt Bfd Pidrget er adj acent the

i nner perineter of the 1nner wall and beling adapted to collect at |east a

portion qpoidie A 'fél}therF!@&ﬁﬁ]@Hﬂ &Qhé)ﬁp;%rat@§%r c%ﬁeétm% drianggisaltin®t fobiest a
exchange colum. The fourth step is to instal transm ssion neans in the

exchdfge liggduFascroding inaars fkdenag calt mndagtnga lga@ifqdd"rﬁf gKist hercss1sestisred | quid
col l ect edy By drheavahtr \Léipﬂ\é&rﬁﬁnéﬁ%gf pdivaEd i 8xdhange Eadhadonthifig @ first

substanti al 'di stance across e cross-sectional area of the exchange

col umm. TeEr Of strictstedp acking @npgstespnd lByar eipdivsiuned Redde FRavedhe Hesidavsg t he
at |east D@sf?géthléybé%ﬁ(ln%)hga 6ftth¢9ﬂrs?’£n& Q@co%elléy%% @ﬁst}dc‘%‘bg p%l@r’\%ﬁﬁ@nggn

transm ssi on neans ayer of he struct'ured pac i ng

DESCRI PTIS@i4OF SSER/ERRE CoH EW@WWE'WAWNGSC‘PWP}” ﬂﬁ?@ein?ﬁ/eﬁlel stwill be
desc be% %Owa%uerma@gm HROEEIER BIC Ex gnégeo@%%m@mms@ra@w Hgs, in

whi ¢ 2] Figure 1A|sa ematic diagramil ustratlnﬁiapan Vi ew
of one e@ﬂ@@@mﬂ\@a@ﬁn%f@b@g\@mﬁ $eqﬁédlf€mef of ﬁU{C@He‘éﬁa’@WéQ grewantlorhvent i on;

[0053] Fig gh@.ﬁoﬂ%ﬁ?% %&MB& th%'.ar%r%m”%f&o ﬁaae%ﬂs%!é/& aY!e%‘é% gfpoa.oaortlon

of the redistri wn 1 n Figure 1A ures 2A-2E are schematic
di agr ans cbthechimpiddsmentdiogan arm@asth@fmrmmllmrémeowcgen@e pRigme~ T@@r&%@ﬁfﬁ al

beans usee?’erbé\wt%%?lrggésty%& tfe%g{ @E%’Js@%érq O%le;%p%sg\élgﬁﬂ%t&‘/{f&\ﬁemng lafHeh as

t hat shown i n
25  structured packlng and the second layer of structured packing, each beam adapted to

support &t least a portion of the second layer of structured packing and each member
having-a first end, a second end opposite the first end, and an elongated channel, having
an open top and a floor, between the first end and the second end, the elongated
channel being in fiuid communicaticn with the wall-flow collector and adapted to transmit
30  atleast a portion of the collected liquid collected by the wall-flow collector toward the
longitudinal axis a substantial distance across the cross-sectional area of the exchange
coiumn. A third element is at least one aperture in the floor of the channel of each beam
for dispensing at least a pertion of the collected liquid from the channel of the beam to

the layer of structured packing. The fourth element is at least one wiper adjacent the
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[ 0055] Flgures 3A and 3B are schematic diagrans illustrating

cross- sec?§oiadlS&i ews of a wall-flow collector of the present invention
attached to a colum wall by two different neans; [0056] Figure 3Cis a
schematic diagramillustrating one enbodi mnent of the present 5 invention
using a fixed vJaII-fIOM/coIIector and a flexible wiper attached to the
colum wal l; [0057

E re 4A|sascherrat|cL‘F_fdi |IIustrat|n|%zﬁé

Cross- secff’i‘%rn%{?“ it ﬁveéff 598 CEIMTHHP BREX SO Yiage Of %ﬁ SRCIUrEY BRrd Tt or
Wth a sipgkepdhgeicatdOARBE th gukfA AB adspadsehenatd & |edsagmpanidr dfusérating a
cress-sectional view of another 10 enbodi nent of a ff&%‘? Etl ng wal | -fl ow

col | ect oriqy] ﬁ@sctew@ngp@)gr@eér heperss; gl ausfe #agiIFke 84 schemati ¢

diagramilliatrating a plan view of another enbodi nent  of | oat i | ng
ha o T ov0BERT carih srRl St e RPabI% CRGARS ang GO L HNGiA R 7 s a

schemat i CiglicgéRBhAhY WShA BkéHEga cBluﬁ{h NV Dbonginadime kxenbetiserrtticial a
‘Category | redistributor in which |iquid transport troughs are attached to

a floati riyeasanen WPbWI&B@‘I’%@:ﬁBt””ef pednetEr. thgardiagge ceLENCOREHEDE @ TFtagr am

il lustratibng & s§Leerad SRl AdtdSedert @ORF ¥ drucefbS bating Movehaumdt fayet gur e
5A; [0062] g%l gt?re 6%\3 |F'§s%a t§;chematt| o ?{%gr am : ICI ust?at%r? |.an vi ev)\//Eof

anot her edfistdcivwesft pasking, easfegidhy first @éaﬁgftmddﬁt%ff Omﬁtfwﬂéteﬂés’t goREFVEE 6lgh
ar  angeneghe r%t%dﬁaéﬁl ?&atdeﬂ%p‘é’?flf orf 1HRWARR ve! heGhes fout @%@mﬁwmss is a

schemat I agram | trating a side view of the Cate ory | redlstrlbutor
showdGi n etter@an@s@Maliffmﬁaqlieptcg@r@osm insth%teéqtﬁéﬁappléﬁm arwtt listisyeating a

Pl an vi ewykyApq BRI BRbo 0l e CBLRA0KN bl <@l BULbNA MO izl eupr esent

|nvent|on ure /B 1s ematic diagramiTlustratin a
parti al @o@g@ns@@tﬂgmab@na@ Er R @fecéloﬁéloﬂﬁﬁ‘ﬁt/ioﬁ@ﬁ”daf?ﬁﬂ aé'SprBMtB‘ﬁ of the

Cat egory %){chéx%ié é&l&hh%@ SPRWo B Qytégst%orﬂméﬁhe Ft;tgard%s&artoﬁng%m@mt ic

di agramiTlusttating %8R Vi ew an cross-secti onal de views of a
pi e- shapeteas det inoar \@afi of ttlé@KC'tﬁﬂgé Ogh-lﬂ@‘go-mﬂ jqcope@ glegnant !‘ﬁﬁ'fd?asépnﬁ F&2Pr esent

ot e FEle EhR oo b RlfRc By SUUAMAL LB RIS P o
-14  063istotseye0068TuCcHIrgy pecl@rtg ieacl berhegapted @l baRpUhFt PAUSRATINY a
ngséatsggth%gQ?thdsl'ag%Icﬁ!{sr?rl t%teo?ﬁ%{l(%% efégﬂtoe% AR fadedh W Rebnyerd i n
oppaosite the first end, and an elongated channel, havmg an open top and a floor,
between the first end and the second end, the elongated channel being in fluid
20  communication with the wall-flow collector and adapted to transmit at least a portion of
the collected liquid collected by the wall-fiow collector toward the longitudinal axis a
substantial distance across the cross-sectional area of the exchange column. The third
element is at least one aperture in the floor of the chanhel of each beam for dispensing
at least a portion of the collected liquid from the channel! of the beam to the layer of
25 structured packing. The fourth element is at least one wipet adjacent the inner wall of
the exchange column or the exterior surface of the structured packing, the wiper being
located above the beam and adapted to transfer at least a portion of the liquid

descending on or near the inner wall into the channel of the beam.

[0047] Anocther aspect of the invention is an exchange column for exchanging heat

30  and/or mass between a vapor and a liquid descending in the exchange column having a
longitudinal axis, a cross-sectional area, and an inner wall having an inner perimeter.
The exchange column contains a group of internals, including four elements. The first
element is at least one layer of structured packing having an exterior surface spaced

apart from the inner perimeter of the inner wall. The second element is a wall-flow
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9A; and [0069] Fi gures 10A and 10B are schematic diagrans illustrating
perspech%ﬁ\?llé% of 5 two variations of troughl support beans which may be
used in Category | redistributors of the present invention. DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0070J The present invention addresses the
need to collect descending liquid fromthe 10 colum wall and/or near-wall
region in_ the packed s?ctlon of an exchan e colum and to redistri bute t-hat

liquid t ot WEFE" eRRVE Rt e 6f ST{LF%UVESIP&HH”% ng wall; \R)é{foi"?%?ﬁ R PYE" The
present ipsrendtePad a@wtwe@nguﬁé}mhétgmfdhé pehesival Bt boiRg de;b’t@wio b@ICe!d:l’t Ei ng

hi gh manuf act uri n ts and/ or ni fi cant costs assocj at eo1

addi t i ondf3et B‘i’fﬁ %ﬁt"qu'[d(ﬂ??ﬁ” oh agPed b 6T Walk °kthe epr ﬁthlm’%nt i on
-renoves |Tl%'ﬂkﬂdfél@ﬁéﬁth§a¢@h§rﬁﬂsm|rhea1@ fangardsnofing Relepackp&Moh Bf hezONe near
t he coI um wal |l and transports the quid farther into the center of the

col um? t HeEWeEiReE ligyiddiyi thavwlﬁ'@w Qﬂ?&%@t@h@waﬂ%eﬂ@?%wmaf 2 SHedRREF i butor s
rel ativel ¥sEREEEEDADHY créS)sdBTbAL 4¥DS bt thAlkBIHgR dolienr. eﬂﬁéﬁohhh‘é‘iéﬁeﬁt@ﬂuces

~the gross liquid maldistribution in the colum by redlrect|nq
f1ow ng ohdeRensiag Mepsnir dispresivaat Baslor Perlen eblhgmetionied theer i§’t3'i‘31‘315\ﬁMSir is

not i ”ter\‘?&ﬁ’tﬁ&ré‘rﬁb‘?ﬁn@é&ﬁ‘n{e’&%s@@We@@yé?fof%éi@'cf&édf?édkarﬁgch' eved by standard

liquid distributors. Redistributors of the prese I nvention do not collect

the entirgokdutise He%oefeﬁjccg!ll%@t\{ng%r?d He@kﬁ%ﬁ%%@lo%f%QBEQN@@,C@MI% irByery ten
or so layers of structured packin esugns of the redistributor

of tHE preaseatas sR/emniten Il of sy rﬁﬁ@é@(!&%ﬂ@g@?ﬁfﬂég hegxghange 6elgAY. H¥ngi ng
froma walrih ﬁmhlh%@;nara lang[{udﬁqi?ﬂgsa aeﬁ? Qecra‘ohglaatrbgqar@% @Asr Wai

Per f or at ed de angi n fom a low collector a. fixed designs 30 b
floating i@gg\ggafgmnﬁn permt@hmqgﬁp@ﬂhplqgleps The first step is to introduce the liquid

into the exchange column &t & first location. The second step is to position a layer of
structured packing in the exchange column beiow the first location, the layer of

15  structured packing having an exterior surface spaced apart from the inner perimeter of
the inner wall. The third step is to position a wall-flow collector in the exchange column
above the layer of structured packing and below the first location, the wall-flow collector
having an outer perimeter adjacent the inner perimeter of the inner wall and being
adapted to collect at least a portion of the liquid descending on cr near the inner wall of

20 the exchange column. The fourth step is to position a transmission means in the
exchange column adjacent the wall-flow collector, the transmission means adapted o
transmit at least a porticn of the collected liquid collected by the wall-flow coliector
toward the lengitudinal axis a substantial distance across the cross-sectional area of the
exchange cclumn. The fifth step is to collect in the wall-flow collector at least a portion of

25  theliquid descending on or near the inner wall. The sixth step is to transmit a substantial
portion of the collected liquid collected in the wall-flow collector toward the longitudinal
axis a substantial distance across the cross-sectional area of the exchange column. The
seventh step is to provide a dispensing means for dispensing at least a portion of the
portion of the collected liquid from the transmission means to the layer of structured

30 packing. The eighth step is to dispense the at least a portion of the portion of the

collected liguid from the transmission means o the layer of structured packing.

[0049] Another aspect of the invention is a process for cryogenic air separation
comprising contacting a flow of a descending liquid and a counter-current flow of an

ascending vaper in at least one distillation column containing at least one mass transier
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06371 USA [0073] Category | r edistributors conprise a series of troughs
attached @@37d Wafl f1 ow col l ector. Figures 1A and 1 B show one enbodi ment of
this type of redistributor 10. The liquid collected at the wall of the
colum (not shcwn) by the wall-flow collector 12, flows into the troughs
14, is transported across the colum cross-section, and flows out 5 of the
troughs t hrough hol es 16 or overflow notches to the structgred k| ng (not

shown) betBik: WREE)S i @HT BRP FUFSHERACUSASRRBWGT Delngasi §7F LYEhP 8%9%%(8 with the

troughs tﬁh&%@o%g waRekihat Qa&%ﬁ:&@oﬁhéﬂ@h%mmghm% abay & endeleel ow t he
redi stributor.” The su%borb— -down beans nmay serve both as troughs and as

st ruct ur aRNGRSHIR-eR P§truﬁiééﬁﬁﬂaé§m8fby§@c?rﬁ’pétﬂtr‘ﬂﬁ e Brinet B RGHSF 1% uct ur al

support Dgansqidendl & o aspouision thﬁléh@%eZ@of%EscuE%Mﬂov@he two designs,
fixed and floating, refer to the wall-flow collector 12, which may be

ei thers Tipgedot OTB@%H—:\{\@M to?Es§éﬁ%Eiﬁ8|a‘r';%p9fatusffbpé'él!e@ﬁ}‘sg’\érﬁdTréo"’h@rltﬁﬁlﬁglaDﬂbv@f

structured packing, i1.e to nove with the packing it shifting
occurs. A aelicuibHesaendaofin ﬂ@@xvteﬁﬂgefc%wrbt@m lé)éﬁtrcﬂf s rgctar%t RECKIngfin ft | ed

angle, Vihl{h Sé Lowgnt Pw% ahbsdd &Wﬂﬁﬁ’hh\ﬁﬁé eroﬁgq%uglﬁallaﬁqss%aéroé(!aé&%@nhio t he

col um wa vertlca |'I'p runni ng around colum on the _inside edge

al | ows t herehi g an inoebwait BBYINE ed innsd PEliPeEt. efapwctﬁdetﬁyfe@tGRShJ hé&t ftralchery
troughs. |E%)é\g%vad%et}48 %hifﬁ‘g%ﬁmﬂ)ﬁﬁé Lachl @%pﬂs td %V'%q'd\é%é tanyPM\f GRlcheeyor 12

to a colum v~n in Figures 3A- I'1-f] ow

col | g6t orpaokicedp thhexahappe colt el tiled@m ob@ratrﬁéurﬁd@tads@g Eﬁ‘é‘@@l af Griare

shi ppi ng/ rLat f JhRCEAL 1@ NSEKIBY | ayers.
[0076] In Sgrslggg%aAgg% Péﬁ%? l?%ev\g?rﬁﬁ%{?ro@vtzérﬁggtor 12 is at?ﬁched to the
col um wah‘ataM vioall-tiovt adllectar i@'@&lem}@a@emiummam\@dh@ leg/ar ot HEICSHBE Parfiner

vaal | t PBf ndGniey @
soal dtﬂ%g&arfleﬂo\o@:é Fefcto?g(&99§@ﬁ%h%rrg%gmb%rgej@ggﬁ tﬁé’lrtn%(gi %%ﬁn&étlfo fnetnidt

to di vertwdaiimnitjeingtadapﬂed tovadllect awtewmmmofme liqued HeSFETHINArPreXiaifs e of a
f 1 oatjn irSefRse,
the. riear <t pibin ored M Ptahed S, IR i e PR AL Sepernie iR

struct ur dd ttpmekcntragmge shboirdfor trengraittkigrag i@ht 4 pogibn ghtheycollpefes E'ﬂ'éiédx’”ﬁr‘ﬁ%d
support t ol Meeh .t he

adj acent}%}%E &FBC%Q nd" %ﬁé Phglte@eagé%gstuggtaﬂg%r ﬁ%eb ér ge gs for

t he fi xedcrosd- lsecftlomal @'ehloéttteoafxcharﬁge[ ao78h. Res bitlr steg is @ l%@hﬁé@ﬁ%ﬁ@@@ t he
body of the fleati n%n"@%} Ithe tqg\ésqgéo?t%ﬁwogftﬂ@por{motbﬁ %Oﬁ)érﬁé; iQfid ekl e angl e
with an iMRers vertycar hort. T hner wal | 2, as In the fixed
wal | -Zd ovtrmslnhlesbrmmeanemmtlaydtaﬁ thelmruahigdepgsikece i s not wel ded to the
colum wall 24. Instead, one or nore flexible wpers (38, 38~), simlar to
~the wall-wi pers which are 16 06371 USA attached to packing segnents, are
tack-wel ded or attached by a rivet 44 to the rolled an%Ie and rmake intimte
contact with the BROEGMES@RIPTION @nEEYRBAd VIEWS OFwWd1E DBAWING S pers 38~are
superinposed on one another so that their tabs and slits are staggered with
respect t[®0B4HLhToe eentsn whiderddsarifddiur wayd, exanue wilk reigreacait Beef f ect i ve

liquid 5 f rs are not welded to the colum wall - only
friction eshﬁ%pg‘gdn ‘ﬁmgég?mhgcglf notion. [0079] Two enbodi nents of a

fl OatéSng [\%155]' f }:I%WI’GC?J-\ lrs &EgﬁerﬁQ’tf%edsﬁrargﬁlﬂ!s'?‘rt.—:tﬁﬁé)é'b%r V:I'&N 8f &ne embodiment of

a Category | redistributor of the present invention;

[0053] Figure 1B is a schematic diagram of a perspective view of a portion of the

redistributer shown in Figure 1A,

[0054] Figures 2A-2E are schematic diagrams of cross-sectional views of combination
30  troughsistructural beams used in Category | redistributors of the present invention, such

as that shown in Figures 1A and 1B;
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shown in Figures 5A-5B and Figures 6A-6B. In both enbodi nents, troughs are
connect ed08®'1aURAI | -fl ow col l ector 12~ fitted with one or nore flexible

wi pers 38. The 10 troughs are troughsl structural support beans 22, which
mai ntai n the spaci ng between adj acent |ayers of structured packing. [0080]
In Figures 5A-5B, a parallel arrangenment of three troughl structural support

b 22 | d T ddi ti | short t beanms 52 | aced h
Side and (9RFAI | IoE Phant RPGE: e Gulgtslispore bERRY G SPSSErURER “Un ¢ hr ce

t enpor ar ya Riages: &fleddr af the Y@@ ni PlehtRinstizfBedint: toahalwaAtdyano difereaict ual
nunber of troughs will depend on several factors, including the expected

| i qui d ac®Gati¥ati on at the wall and the nunber of required support points
for the specific packing segnentation pattern in the columm.. For exanple,
in the entd9aFheRtoushaiins » SCRIGRICTIBHAT 'ﬁ@@“i‘% oge SEPPADTY ShvEi Pdﬁ%?'_‘?l i qui d
transport inbé&}&hﬁsi@ﬁa RREPRRisMkarect® dnbie: AdmIghper aitadieidtoate stipport beans
22, which 20 include holes 16. In this enbodi nent, the opening 59 is

avai | abl ev@lbr ascendi ng vapor flow. [0081 ] The redistributor 10 shown in
Figures 6A-6B is simlar, except that the tnough/structur . support beans

|
22 are arlP8RgbdFionradhis@gerranraticatiziran tustelR 8 SRPEFEALIR OV e85 A ng

manuf act ugh,pgqiahg 854 sGidneaIiivEEbliestob With @diddge adl i ng | arge, 25 radially
symmetric equi pment . Hol és 62 may be provided for hoisting and

instal | atjpasg) [ PR8I 4B PabAkreaRanidramntifustiatify b efost AcbforandicbreiGBbther
optional spacer Pbars 57 are shown in the side views which nmay be used to

spacd O heenhedmsngel afoatiie wallglayneligeter B$ing fieo B8 RIR {R¥E packi ng (not -
shown) a few mllineters. Such spacing reduces the interference by the
struct ur e@OPALkFisyrHACTNE SENBURIGHRRIER Hyriratiag e iew IHPRY S hows 30 t he

hol e requitenBRst 50 dati@distiidwetiektol OsiHgReREERA dNbrOkipeTs; di aneter. - 17
06371 USA Tabie 1. Hole Requirenments.-for a Maximum 25 mm Liquid Level in

Redi st ri b8BT ERur™®ANCa sERYrSattdaliggrbi ik @sndde Rt WeonamdstREr drimddifkhr )

20D25. 92. donbaszonoFedisttotos in whigh dae GeRsrot HousBFIE 653ChesE o FR7E8841. 115.

o " 1%”%51&-9&%3009&35&- of total flowis collected on wall; 5 gpmft2 total
id flux; ArgoNOxygen 50/50 Mx 5 10 15 20 25 ~

I i qui
[0061] Figure 58 is a schematic diagram illustrating a side view of a the Category I

redistriputor shown in Figure 5A;

[0062] Figure 6A is a schematic diagram illustrating a plan view of another embodiment
of a Category | redistributor with a hexagenal trough arrangement and a floating wall-flow

20 collector;

[0063] Figure 6B is a schematic diagram illustrating a side view of the Category l

redistributor shown in Figure 6A,;

[0064] Figure 7A is a schematic diagram illustrating a plan view of an embodiment of a

Category I redistributor of the present invention;

25 [0065] Figure 7B is a schematic diagram iliustrating a partial cross-sectional side view

of a column wall and a portion of the Category |1 redistributor shown in Figure 7A;

[0066] Figure 8 is schematic diagram illustrating a plan view and two cross-sectional
side views of a pie-shaped section of a deck of a Category |l redistributor of the present

invention;

30 [0067] Figure SA is a schematic diagram illustrating a plan view of a portion of a

Category 1l redistributor of the present inventicn;
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[ 0083] Rebg.;gpg to Figures 7A-7B, Category Il redistributors 10 consist of
a perfora p ﬁe 62 attached to either a fixed or floating wall-flow

coll ector (12, 12~), as described above. Alternatively, the wall-flow
col l ector may be made of two channel rings 63 which are welded directly to
the inner perineter of the colum wall 24 and "sandw ch" the perforated
deck. The al I . C I rd ' nmal 30
sl el RL e 2Bl B AR R o Skl SRV e ¢ er e
need not bmbadyneappt atedbhesd wipehugat inllee GetekoryTHectpighutar ghowraly hgurgs hi gh
as 70% (egq “an§losest-packed arrangenment of 90 mm holes on 114 nmcenters).
Figure 7A shows a plan view of an exanple hole pattern in a Category ||

redistrib j | i Cut - Vi f @lgzlng- i.ng type
wal | -fl omﬁbtggﬁ eg@éﬁr& f%%gﬁf@?&ﬁwnﬁg%\gf { %gu%%Pgﬂ%\B%?o e%\{v(g)ropand

spi | | Zont bva teeiapens of tatuett/sdppkrt btamds swicbtreapbe nsasl iorCateyary huoistiyutarsaaind

t he perip{g‘%rpxp.sél;}rtulergp%gorated deck may be a circle or aring with an

opt i onal oun%ary 4"%% shown in Fi gure 7A. [0085] Peferring to Figures 7A
and 7B, large perforations 66 in the deck 62 can be made with a turret
press to produce a protruding rim®68 of 4-8 mmin height which can be used
as a barrier fcr liquid Lii I Wi t hout
protrusions) can be use%éirgwgggﬁg%'réhﬁﬁé@ﬁgﬂﬁ%@!@cﬁ@ ured fromthe wall
and the s u I v, ' (o[¥! A d
Frgur e o, OPREt DIFF pPAEHL PO B B aso s R O P el Bedcp B TSR B0

sect i'®ns. ccBuppord! dodacesa(-wal regdown )the packed sastadh ¢f@nsaxpharge ¢dignn and to

di ib .and i nt. ai h i | . ' b
oo TR RIS DR SRR BECIEEN DS L1 HELE SRk g0 <bove
barri ers @bserasnantom atinevdBsuchi§Bid e LiSAbFiguwithBt inoyrringihigy manufabiungg

h. Th i d to.di t the lLiquid fr th I |1
Fovard t RECoHIUr SPMOHT B6t Ao (o0B T cavaget sOHrM'I8h ot ributors

i st il -fl .col | d . j,.ect i f, h l, -
o et ooPTI b iRl S3hbrdoe BB BRI A i R,
Cat egéry dndSrandnd packédy istar 2dhetress thet dodunpn apkehd oassfarsihCidued) tarthel into
di stri byt th | ] -1l 11 ect . .
Crmbodi e GF RO e GRS VaR B e AnUeT R B Gt 1 EORGEY o KEne s R
not ched liegeltthatly pedest-aibest ab®otn a0mosh Athowmgtethemtdisttibetos teductsithed

packing, instead of the typical 12-25 nm .[0088] Anpther enbodipent I s
Bhown n $PEUTRL SR ot Bie SRURF pYo st I PSS o B B e e
turret puheheasraf swerlotuntr, oy fedidftribubems hetl iglthdedtor adpboaud) thedkgies dgai n used

to create barrier. 74. In this,.manne i quid.captured. at the v~all is
conv@ed THPFRL 5P e RIGaE GHO SETIHIrS: FRAETPUE S ARF RFTRn with ¢ he
typi cal vinpetionAostocb!lspaeeintied iiqlid Not ast twy)arerayerzdrte gaidepidyto afrad nt ai n-
a const ant ditstance bet ween ?ck d l.ayers above and below this

redi stri BUEbt e@\fg@ct'%r%BfﬂH‘ﬁ: ?@E%Q‘%'}f&ti on. 15 [0089] Conbining the

function supporting t acki.ng ahqve and distr.i buti.n i quid captured
from ¢ ne 180737 B Breid e e BRI So S WS RRRy ol b EIVRE sy and |
maxi m zescawgeaickor fl ow of ascendi ng vapor. Such designs are useful in
Category | redistributors. A further nodification to troughs or conbi ned
trougbl structural suUppert hbeansfrom 4 walblleyablectdie bottom of the trough
relative to the irrigated fstruct.ural packi ng bel ow. Doing so has 20 the
benefit of allowing for BetEEedE8&ngagenent of the counter-flow ng |iquid
and gas directly beneat hptfetihg aegns and will facilitate higher gas and
liquid flows before_the onset of hydraulic flood. Exanples of such conbined
t roughl struct ufal TP ?f?iedtf%zih'g‘a’i@éggp@ %WB(MOWO#‘%C@% es 10A and 10B. These
are conposed of several hancHafeednpl ates of thin netal, which allows the
use Sf i nexpensi ve fasteners rather than wel ding, which would 25 be
requPPed if thicker bean® N@&HRO d8¥ENS [ 0090] Sone of the benefits and

advant ages of ffjhe regksidd higkors of the present
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i nvention are: Capture the liquid on the wall of the colum or the

wal | -regit®370fU3%e structured packing and redistribute the liquid far into
the interior of the 30 packing, away fromthe columm wall. ii. Require
relatively little additional colum height and associated cost-this is the
result of having to handle only the liquid at the colum periphery, not the
full Tiquid flow Thus, the osed redistributors ned no ClC?etaI -19
06371 USADPT3L. Requ??"ég%(l[a?“ij@‘é'gytoﬁ FITRI IS FaRdieREh P tiaﬁé 658 Walacause

of the nagesdioist®e F@éurb@@A%@lﬁéﬂobuéﬁémb&ﬁh@hi @fltm@m@el@tb@cﬂ:smastomare far
| ess than that required to build a sta ard H’ﬂwd dIStI’% ut o

exanpl e. #l?r'ﬂﬁ’é?%’?@ted@kfﬁeeWi thﬁ%P‘P'HF’ﬁH (PPliewaPy the wilk '%C(PILGCFRWZV equi red

of these ﬂ'b@@'lﬁttorth@b%&gf% 1D i SIrBe® chBehEroBRIHE ddueh b@Rsissctidd, ahd A¥ds out
conposi tional m xi n% o0 occur in the structured packing below iv. Do not

causeSany! Hiegtipyahed @Uaﬂbéﬁsﬁﬁé&%?@oﬂrf@&heﬁ 19 Hig SHaisBIreHRadEs 4t can be
| nt egr at t%ﬁoWwﬂ%BeiBQfmﬁ? kR 3t s RARMIANALEARYRBM hi@F ALE WtAShEBEUgHD Vi .

Addr ess anismecontributing to liquid maldistribution.in
packed cd¢ anmor* echbcigfdowndhe aYestwedipaaking abeie ancr!e e 1§CtsHE Yhele KiNsg

peri pher%bgﬁéﬂﬂ’%fdv@dm;nbe{awawak sEhLRYLs Ibldstaatadptdasspoped herein

with reference to certaln spe 0|rrents 1 epresent i nvention is
nevert helmegrsberst Bxameleded su@h e bin A anelio USRS ISHECIUE guRRar Readhiond arRat her |

vari QHs be made in the details within the scope and range
of egﬁl va g\}ﬁ/{]sﬁgﬁg‘upe%:zg?al ms and wi thout departing fromthe spirit of the

i nventi 0?007249 Z'HWe Two%:é?gq'\s%d and floating, refer to the wall-flow collector 12, which
' may be either fixed to the wall of the column or “floating” with the section of structured
packing, /.e., allowed to move with the packing if shifting occurs. An example of a fixed
wall-flow collector is a piece of rolled angle, which allows the wall-flow collector to be
15 seal-welded to the column wall. A vertical lip running around the column on the inside

edge allows the liquid to be captured and directed into any of the attached troughs.

[0075] Several methods of attaching a fixed wall-flow collector 12 to a column walf 24
are shown in Figures 3A-3C. With the wall-flow collector fixed, the support/holid-down
beams must be sized for the shipping/operating load of at least some of the adjacent

20  packing layers.

[0076] In Figures 3A and 3B, the wall-flow collector 12 is attached to the column wall
24 by a tack or seal weld 26. In Figure 3A, the short inner wall 32 of the wall-flow
connector 12 is connected to the floor 36 by a seal weld 28. In Figure 3C, a fiexible

wiper 38 is attached to the wall 24 to divert figuid into the wall-flow coltector 12.

25 [0077] An example of a floating wall-flow collector 127 is shown in Figures 4A-4C. In
this case, the redistributor is allowed to move up and down in the column with the
structured packing, should the packing shift slightly under load. The support/hold-down
beams only serve to maintain the distance between the adjacent packing layers, and

therefore need not be nearly as large as for the fixed wall-flow collector.

30 [0078] Referring to Figures 4A-4C, the body of the floating wall-flow collector 127 may
be a piece of rolled angle with an inner vertical lip forming a short inner wall 32, as in the
fixed wall-flow collector, except that the angle piece is not welded to the column wall 24.

instead, one or more fiexible wipers (38, 387), similar to the wall-wipers which are
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CLAI M5 1. Agragﬁaeatus for collecting and redistributing a flow of a liquid
descendlna6 n xchange colum having a longitudinal axis, a
cross-sectional area, and an inner wall having an inner perineter, t he
exchange colum containing at |east 5 one |layer of structured packing
havi ng an exterior surface spaced apart fromthe inner perineter of the

i nner wal | altac eﬁqo psalcigrgr'g sagmftents COJ:*I&{&&roa’ttatghgtﬁ)v\g?ﬁl_v]e{h& Qe[hg)%l ge

col utm above I"ayer ruc ure packi hg, ow coll ec
havi ng anaogit endpezkeneteateatpacenith the:qumewah)emlmmbmﬁlmehtetwmﬂex;bm/al I

ond 0e 19, RSSRF A0 LS FOLLISE o LR P uBP Pl BB S lgocmi o

di sposed ivah tag KBRS0 |dBRoRAIn FihaRSAT tthigarihg laeaste e:ﬁepwa licnd of t he
col l ected |Iq_§Id collected by the wallflow coll ect

| ongi tudi Red! dexdble YiRaraiAts 2t YR ECHR dee Slyge ¢y 5?%@9{9}%?5&@& Sfal area

of the exghapgens&Rnumm; and a di spensing neans for dispensing at |east a
portion of the portion of the collected liquid fromthe transm ssion neans

to the | ayriyopf TSbrdiesddi rﬁé‘ntB@@KEIBQHngZ\QalQﬂovJ\EOI@BWE@bLtﬁ r@§sttibutel 80 Bvdl,
wherein t transm ssi on neans conprises at | east one trough in fluid

comuni cat |QWP i iaureR&Amdt Ro% FgWes5iA-88 1 Y Doth gEbeHERIS dUBRYIRIFy acr oss at
| east a pRieRddb DA FWESeeRT Y b ORBd BEiPenPbr hbR f@&?am@%rscaé UfRg and the

di spensi ng neans corrprl ses at | east one aperture or overflew 25 notch in
each 10 oulgbug's. aramroapfpasstamtwabﬁelpmrt@Eammzz whigh meéntaodhp spadingbeliveesast one

W per adj he exchange colum or the exterior

surface o?‘ﬁ?%mq%% weg pac |ng, "the wi per being | ocated above the trough

and adapt r LU ing on
@e Iﬁner{ @@la e;% aAa§B ﬁ%&geﬁ‘ aﬁgﬂg%éﬁt%?tf%e &BE kAt a %%’?td

or near t Apparat ug as n
wher ei n tpeanns 2R smisesi Eﬂwormamsnad@hpmsslasor‘abqﬁrm& awgt plaeagsen aaqftﬁlﬁe@ﬁdof t he

plate being il f Wit SOBHRIERPLPBe MhE BbrlshEnfR! Ld hPvs LAY BFacdshs Pl ate

=21
15  are used for hoisting and installation. The actual number of tfroughs will depend on

several facters, including the expected liquid accumulation at the wall and the number of
required suppoert peints for the specific packing segm'entation pattern in the column. For
example, in the embodiment shown in Figure 5A, there is a series of optional liquid
transport troughs 56 perpendicular to the troughs/structural support beams 22, which

20 include holes 16. In this embodiment, the opening 58 is available for ascending vapor

flow.

[0081] The redistributor 10 shown in Figures 8A-6B is similar, except that the
trough/structural support beams 22 are arranged in a hexagonal fashicn to take
advantage of existing manufacturing infrastructure which is suited to handling large,

25  radially symmetric equipment . Holes 62 may be provided for hoisting and installation.

[0082] In both embodiments (Figures S5A-5B and 8A-6B), optional spacer bars 57 are
shown in the side views which may be used to space the underside of the troughs off of
the structured packing (not shown) a few millimeters. Such spacing reduces the

interference by the structured packing on the flow through the holes 16. Table 1 shows

30 the hole requirements for a redistributor 10 depending on column diameter.
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06371 USA extendi ng across at least a portion of the cross-sectional area
of the ex@‘ﬁ%ngbI Gol'um, and the di spensing neans conprises at |east one
aperture in the plate. 5 5. An apparatus as in claim1, wherein the
transm ssion neans conprises at | east one extended w per attached to the
wal | -fl ow col |l ector, the extended w per penetrati ng across at |least a
pcrtion of the craos ectional area the colu rd the | ongitudinal
axis. 10 6. A aE\'Bpa R EGHUremENg 187 mMEXTWE eI Ay %“I FYeldn g\‘?&ﬁ'@ﬁ&’ L%'tor is
flxedly attached to-the inner.wall.of.the exchange-colum. 7. An apparatus
as in claim1, wheré&amme wWaPl - f| oW®8l | ect ot%i&s 15 noveable in a vertical
direction al ong thel!Pongitudii®las axilentyhin Qﬁé’n@ﬁthange colum. 8. An
apparatus for coll ed™mg and redi st riftBut i ng a{MMow of a |iquid descending
in an exchange colum_having a |ongitudinal axi ross-sectional area,
and an inner wall h&@bdng an Znner pe&r.Pneter, &l exchange col umm cont ai ni ng
a first layer 20 of 990ructurtd packishgeand a 8é&cond | ayer of structured
packi ng above the fitb8® | ayes of strugTured pdacki ng, each of the first and
second | ayers of steaotured gacki ng havi ng and4eéxterior surface spaced apart
fromthe inner wall 34conpri sia®y: a wailz-fl ow &d | ector disposed in the
exchange col um abogeot he fizst | ayeridf struétlured packi ng and bel ow t he
second | ayer of structured 25 packing, the wall-flow coll ector adapted to
col l ect at | easbna@ifes t1090 dbftotah@oli igUidlectes candiang soforasitzngeddl el ifloxer
wal | of the exg veehwrso raird at | east one nmenber disposed in the
exchamge col umm between the first |ayer of structured packing and the

second | ayesspf R@ferrmgtt@w%r@@eklm,c:a%@ﬁy meseafib@eiapteebrise: sUpperitraddd | east
a portion of the second 30 |ayer of structured packi 1?qqanpl to transmt at

feast a pdrieihatiched el adixed of flefiing vedtionctdachy (tthd2vapd de3%shed
col | ect OraﬁoQ/@’arAqiteFrré%Vél? n(ﬂ%%éﬂ'ﬂ% ety rﬁaiﬁ@%e@étdf%o @h§ﬁrﬁé§§\ﬁ%§§% ﬁ\ﬁmﬁ:ht he

cross-sectional area o e exchange col u 9.
appar at usargquldﬁctqi:aqqﬂygathfeummem@en@@tﬁpjpf Hierngiuran wpbg4 @n@neangfyédy dhe i n each

menbey, f r%rét@@’&!%bl?g A ove@éﬁﬁelgg&%ﬁé Ol AR 8} bECLEdrhdIquig] g om the

menber t l"ayer struct
mm), since the open area in the perforated deck may be chosen so that there need not

be any appreciabie froth on the deck., The open area may be as high as 70% {e.g.,
closest-packed arrangement of 90 mm holes on 114 mm centers). Figure 7A shows a
plan view of an example hole pattern in a Category i redistributor, while Figure 7B

15 shows a cut-away view of a channel-ring type wall-flow collector.

[0084] Liquid may leave the wall-flow coliector and spill onto the perforated deck at
discrete points or continuously around the periphery. The perforated deck may be a

circle or a ring with an optional boundary 64, as shown in Figure 7A.

[0085] Peferring to Figures 7A and 7B, large perforations 66 in the deck 62 can be
20  made with a turret press to produce a protruding rim 68 of 4-8 mm in height which can be
used as a barrier for liquid flow. Additional small holes 16 (without protrusions) can be

used to redistribute the liquid captured from the wall and the structured packing above.

[0086] As shown in Figures 7A-7B and Figure 8, the perforated deck can be made up
of separate “pie-shaped” sections. Support braces (not shown) can be used to support
25  the redistributor and maintain the spacing between the structured packing above and

below. A turret press can further be used to create short (6 mm) barriers 65, as shown in
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packing. 5 1 D. An apparatus as in claim8, wherein the nmenber is a beam
havi ng a ®6379tU8Ad, a second end opposite the first end, and an el ongated
channel between the first end and the second end, the el ongated channel
being in fluid comunication with the vrall-flow collector 10 11. An
apparatus for collecting and redistributing a flow of a Iiquid descending
in an exchange colum having a longitudinal axis, a cross-sectional area,
and an i n‘ﬁéwan?al by wsivg Agibhingipynen. %@rﬁaﬂmréﬁaﬂ bheses Ehdirmgethediuiirevmiai ni ng

a first L?rﬁnw(aiﬁ(%%é‘rﬂtt %8&@@&:&5@!@%@\ a second | ayer of structured

packi ng a ove the first Tayer of 15 structured packing, each of the first

and_secondoky ctsthnSh LI ER-NACKInG DAY NG, 381X Chbofo s Aok spaced

apart fromt risin | ow col osed in

t he exchahgavaddlownerllatioviety the lmtanmqflt}a%/etrucmrewﬁd@mmr i@ctOpIi@%utﬁ@aée@rbbl ow
[ xedby oo fer o R e SR oo OF MR b SRR I REL D
portion afoliedter biequade d&esn@pdnt ngnernimodmeant of thés idameranediéndsfd wiber eikichange

col umm: afod Sank, A0S DEa Ol ASRECJ 0 LIS SAGBNE SORYITRSLNERILNG TSt

| ayer of t ure pac e secon ayer tared pac

each beam=adagt edictad o$tmea@m1t:ala}12 -2%e@mst. a portion of the second 25 | ayer of
structured packing and each beam having a first end, a second end opposite
t he first{0@ss], hnmdhmr&ﬂamﬂfwgamtésismnmdﬂgurha@iﬂxrﬁﬁ mnwlgeeadhgpomntiom 72 isoor ,

b fi d
fiui dBconnari it 8 W Er g et 7oA et eovor S SanavERerls RERa ¢ at
| east a poetilonraate & berreolrit ett B rhamgar diqual ¢@¢Uzred abghea’@ailt heomeelvledf | ow

collector omard | on dlna ss the
crose: sedPrar Car e e Bt RS S anher b e BB BEPEST 1 he
fl oor of spheercdraninet stafwre acdy H:eer&qwfemodnspmnsa ngwmmlcmmf:eabemeem on of the

ggg{(?ﬁ;?dpg!%%gé’%ers agyg)]gt% %%6%%\%0\1“‘[%!5 r%is{rsgﬁ"totr)%@&]tké) c&lﬂ%n GIsilse t[or§t ructured

15 [0089] Combining the functions of supporting the packing above and distributing liquid
captured from the wall region to the structured packing below saves cost and maximizes
area for flow of ascending vapor. Such designs are useful in Category | redistributors. A
further modification to troughs or combined trough/structural suppert beams is te elevate
the bottom of the trough relative to the irrigated structural packing below. Doing so has

20 the benefit of allowing for better disengagement of the counter-flowing liquid and gas
directly beneath the trough, and will facilitate higher gas and liquid flows before the onset
of hydraulic flood. Examples of such combined trough/structural support beams 122 are
shown in Figures 10A and 10B. These are composed of several laminated plates of thin
metal, which allows the use of inexpensive fasteners rather than welding, which would

25  Dbe required if thicker beams were used.

[009Q] Some of the benefits and advantages of the redistributers of the present

invention are:

i Capture the liguid on the wall of the column or the wall-region of the
structured packing and redistribute the liquid far into the interior of the
30 packing, away from the column wall.
if. Reguire relatively little additional column height and associated cost — this
is the result of having to handle only the liguid at the column periphery,

not the full liguid flow. Thus, the proposed redistributors need not be tall.
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at | east one mﬁggr adj acent the inner wall of the exchange col umm or the
exteri or @FfldéeAof the structured packing, the w per being | ocated above

t he beam and adapted to transfer at |east a portion of the liquid
descendi ng on or near the inner wall into the channel of the beam 5 12. An
apparatus for collecting and redistributing a flow of a |iquid descendi ng

i n an exchange_col um havinq_a | ongi tudi nal axis, a cross-sectional area,
and an inner n#i| hEFRHE BFIVANEHISRIGFET IV RHE SRehahiEfE UEB I MNP BBRES ni ng
a first layer of stgpgtutedrfaakbngrsanttdi$asensbdrayets S Bl 1diet whAdnat
packi ng above the first |ayer of 10 structured packing, each of the first
and second |ayers ofedst#dét Gl 2pdRTaang AR N iR ORPeprastrisul FakEmpaced
apart from the innegwahdly uGRIRY ARl Gistri@uiey ks-rfdk PGk leelarl rdhigpRseds i n

t he exchange col um above the first |ayer of structured packing and bel ow
the s€cond | ayer ofSi8eg thefrured fpactionng to ehew wampopitiong! cokingde siccheimte
nmovable in a vertical,di j 9R9 15 the longitudinal axis within the
exchange col um and éﬁﬂ%%g E%ﬁﬂ%g%ﬁect at least a portion of the liquid
descendi ng on ®r neldp neheausamey sigalficanfaddse pesasHEngerdoingmepoaphassast one
beam di sposed jn th xchay u b enfl I r ured
packi ng and tH% secgﬁﬁ %y@%ﬁg%gétgﬂ%tﬁ%ﬁ%ﬁg%h%agﬁP%%&ne@%ﬁgﬁg%ﬁlaég%%ed to
support at | ea@asighsporti on of the second | ayer cf structured packing and
each{geam havi,pg a fi , end jte the fi iGNt an
elonégted chaﬁﬁél, %%%?%%?@%r% %ﬁﬁ%%ggg% %9?ﬁ%§b? Oeﬂﬁgéﬁﬁ? & flpgﬁqgnd
and the second end,padied elobimgyza, diaic htatheelintérectinp ioh tie ligd cwiniming caackiog wit h

the wall-fl ow coll e NG gdapted to transmt at |east a portion of
the col |l ected quuﬁ%;@oF ecﬁéﬁnby the wall-flow collector toward the

| ongi t udipad axhimoRofi yhshaak Ak HLSiRRGRIAGIART RS ErOBSSRCEGRal area of
t he exchange "‘colunm; at | east one aperture in the floor of the channel of
each beargnndirderipehsipreseat investion ianpartiesmss okt intrrdedite e tiaded iqthied from
the ghanngla@ierbh BReam A, i ANGl: by BLEHELYK 8 RAGK g apd at | east
one per adjacent t he Thner wall o e ek ange colum or the exterior
surface esfophendrangetairgdivplackiaidhe tihimswnseritivet degpdringiret tabeopigt ehibe beam
and adaptgd tig,transfer at feast a portion of the liquid descending on or
near the inner wall into the channel of the beam -24 06371 USA 13. An
exchange colum for exchangi ng heat and/or nmass between a vapor and a

|l i quid descending in the exchange col um having a |l ongitudinal axis, a
cross-sectional area, and an inner wall having an inner perineter, the
exchange colum 5 containing a group of internals, conprising: at |east one
| ayepgof structured packing having an exterior surface spaced apart from
the 1nner perineter of the inner wall; a wall-flow collector above the

| ayer of structured packing, the wall-flow collector having an outer
perimeter adjacent the inner perinmeter 10 of the inner wall and being
adapted to collect at |least a portion of the liquid descending on or near
the inner wall of the exchange columm; a transm ssion neans for
transmtting at | east a portion of the collected liquid by the wall-flow
coll ector toward the |ongitudinal axis a substantial distance across the
cross-sectional area of the exchange '15 colum; and a di spensing neans for
di spensing at |least a portion of the portion of the collected liquid from
the transm ssion neans to the |ayer of structured packing. 20 14. A nethod
for collecting and redistributing a flow of a |iquid descending in an
exchange colum to a | ayer of structured packing disposed in the exchange
col um, the exchange colum having a |ongitudinal axis, a cross-sectional
area, and an inner wall having an inner perinmeter, conprising the steps of:
introducing the liquid into the exchange colum at a first |ocation; 25
positioning a | ayer of structured packing in the exchange col umm bel ow t he
first location, the |ayer of structured packing having an exterior surface
spaced apart fromthe inner perineter of the inner wall; positioning a

wal | -fl ow col l ector in the exchange col um above the | ayer of structured
packi ng and below the first location, the wall-flow 30 collector having an-
outer perineter adjacent the inner perineter of the
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i'nner wall and being adapted to collect at |least a portion of the liquid
descendi nged1 YPAnear the inner wall of the exchange colum; positioning a
transm ssion neans in the exchange col um adjacent the wall-flow collector,
the transm ssion neans adapted to -25 06371 USA transnmit at |east a
portion of the collected liquid collected by the wall-flow collector toward
the longitudinal axis a substantial distance across the cross-sectional
area of the exchange colum; collecti%gtM?¥ the wall-flow collector at |east
a portion of the liquid 5 descending on or near the inner wall; and
transnmitting a subsfanti &N Paaigh fof celisticolandcledistibugne & fewl dcedlvich t he
val | - 1 ovsaelhGRE % JhoMRsEndd'eolARORAHY B3t aR aSUPE RN Alcidhal Aege
across the cross-sectional area of the ‘exchange colum; providing a

di spensi nydreanisneargraldhayies N ngneitParamser, hHepexaheose ¢RI corainsia Rbleaet t he
col " edf eddd ALof LAMNLRE dabRNSHaIRLAh SRANG dftabOSpbaPLo A rahi tel e
packi ng; and dispensing the at | east a portion of the portion of the

col | ect edrdrimgiedofftheinnehwat reamprisegi on neans to the |ayer of structured
packing. 15 15. A process JOrdy KRR Cdldked FPMALIARNEOTRIH Blove the
contacting a flow of a descending [1quid™and a counter-current ow of an
ascendi ng vapor in kel edsstrughaedi adkingatthenwabfiowmcaeatcai hdving aan | @48t one
mass transfer zone, L0k LQHids i ' : | east
one | ayer of stru'ct%%ﬁétgggw%%égw&%nléﬁmﬁr%ég@tﬁl’éeggtg F%ﬁfgéb??gnﬁg%{j a?’ Leed flow
of tH€ descendi ng | fcqedlidet &t leadtl eporidn ahthe leliicd tesdamdendg ¢root hearstheuonerr ed
20 packi ng by an ap\B?ﬁQ\ItHé egéhei cGHofiR. 1. 16. A nethod for assenbling an
apparatus for collecting and redrstributing a flow of a |iquid descendi ng

i n an exchange col umm t oaatrieyersiof rveansctdispedepdokineg ekehanige exlcmamder
colum, the exchangﬁ.‘aﬁs%i iqg art]?f‘evajns?g p%rt} %n%'thggb%ecﬁﬁchﬁd c@lie%?ed y the wall-
cr.oss-sectional area, an 5 inner all havi ng an 1 nner perineter,

conpri si ng the st epdowfcollgntaviodiand tehbngitedtieal gexisc | aupaianfalovis@inng adwessl ayer
of stguctured packi in.the,. I of structured
packﬁ%g havi ng an e@t:%ecrr?sgr‘segﬂr%%%%%%ﬁ@%ﬁyé%g?%gglﬁkﬁ/gﬁﬁjthe i nner perineter
of the inner wall; instakldispgnsingvaldant fowlig@inkpgtadiedsh atpoeticexa’Hhagertoal um
above the | ayer of structure cki,n t he -1l ||.ector,. hayi an
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adapted -26 = 0C371sttisfured pectih@ect at | east a portion of the liquid
descendi ng on or near the inner

20 2, An apparatus as in claim 1, wherein
the transmission means comprises at ieast cne trough in fluid
communication with the wall-flow collector, the trough extending across at
least a portion of the cross-sectional area of the exchange coiumn, and
the dispensing means comprises at ieast cne aperture or overflow

25 notch in each trough.

3. An apparatus as in claim 2, further comprising at least one wiper
adjacent the inner wall of the exchange column or the exterior surface of the structured
packing, the wiper being located above the trough and adapted to transfer at lsast a

30 portion of the liquid descending on cr near the inner wall into the trough.

4, An apparatus as in claim 1, wherein
the transmission means comprises a plate, at least a portion of the

plate being in fluid communication with the wall-flow coliector, the piate
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25 packing, the wall-flow collector adapted to collect at least a portion of the
liquid descending on cr near the inner wall of the exchange column; and
at least one member disposed in the exchange column between
the first layer of structured packing and the second layer of structured
packing, each member adapted to support at least a portion of the second
30 layer of structured packing and to transmit at least a portion of the
collected liquid collected by the wall-flow collector toward the longitudinal
axis a substantial distance across the cross-sectional area of the

exchange column.
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the wall-flow collector.

11. An apparatus for collecting and redistributing a flow of a liquid
descending in an exchange column having a longitudinal axis, a cross-sectional area,
and an inner wall having an inner perimeter, the exchange column containing a first layer
of structured packing and a second layer of structured packing above the first layer of
structured packing, each of the first and second layers of structured packing having an
exterior surface spaced apart from the inner wall, comprising:

a wall-flow collector dispesed in the exchange cclumn above the
first layer of structured packing and below the second layer of structured
packing, the wall-flow collector being fixedly attached to the inner wall and
adapied to coliect at least a portion of the liquid descending on or near the
inner wall of the exchange column;

at least one beam disposed in the exchange column between the
first layer of structured packing and the second layer of structured
packing, each beam adapied to support at least a portion of the second
layer of structured packing and each beam having a first end, a second
end opposite the first end, and an elongated channel, having an open top
and a floor, between the first end and the second end, the elengated
channel being in fluid communication with the wall-flow collector and
adapted to transmit &t least a portion of the collected liquid collecied by
the wall-flow collector toward the longitudinal axis a substantial distance
across the cross-sectional area of the exchange column;

at least one aperture in the floor of the channel of each beam for
dispensing at least a portion of the collected liquid from the channel of the

beam to the layer of structured packing; and
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exterior surface spaced apart from the inner wall, comprising:

a wall-flow collector disposed in the exchange column above the
first layer of structured packing and below the second layer of structured
packing, the wall-flow collector beirig movable in a vertical direction along |

15 the longitudinal axis within the exchange column and adapted to collect at
least a portion of the liguid descending on or near the inner wall of the
exchange column;

at least one beam disposed in the exchange column between the
first layer of structured packing and the second layer of structured

20 packing, each beam adapted to support at least a portion of the second
layer of structured packing and each beam having a first end, a second
end opposite the first end, and an elongated channel, having an open top
and & floor, between the first end and the second end, the elongated
channel being in fluid communication with the wall-flow collector and

25 adapted to transmit at least a portion of the ccllected liquid coliected by
the wall-flow collector toward the longitudinal axis a substantial distance
across the cross-sectional area of the exchange column;

at least one aperture in the floor of the channei of each beam for
dispensing at least a portion of the coliected liquid from the channel of the

30 beam to the fayer of structured packing; and

at least one wiper adjacent the inner wall of the exchange column
or the exterior surface of the structured packing, the wiper being located
above the beam and adapted to transfer at least a portion of the liguid

descending on or near the inner wall into the channel of the beam.

24 -



20\VH109%& ()-8\!110%& ()-8\!'10%& ()-8 - ?!B8IRISITI\lelflglkM@! 10%& ()-8 -

?1 8\ '10%ROGI-IBVEAOYR () -8\ ! 10%&' ()-8'- ?!8\!10%& ()-8gllrJJjKKL|[:4@

e(#! 10%%&' ()- et &LOYMU&R ()-% e} #10%%&' ()-Z e! 109U () - e#10% #& ()-Z
e)"10%%& ()-L"LLLMENN|[:4@ eb5! 10%%& ()-u el #10%rh%& () -t %

e. 110%%& ()-Z eh-k 10%%& ()- ewt+10%% ()- €)$10%%& () - NNNNNNAPPvUA ee
110%19%61& ()- en ! 10%19%1& ()-Z e("10%%1& ()-Z e%d0%1%& () - 10h%d0h%d0h% e;
10% %' ()-PPQRA R*RR|[:vW e e=! 10%%1& ()-Ze el0%1%& ()-e eK $10%1%1& ()-e
Nl L0%SA8 ()2 10808l hecn0REL (br B AL TATOLLISY M 2oc botween o
leB+X! 10%p4p& ( CZe 1&$10984& (C -e7 e($10%%1& () -e eK)"10%#4& ( 3
eKZSlO%QWO()an ngwb/aggqeydum e)exxha@gq(p@lg@mhavmg a longitudinal axis, a

U s HEAOPALEET o M PR g SR -

equ‘%ﬁ%& COENSEHEIDUHDRS (fernals, CrOTRRIS( ) - | e] 109 $&' () - td[[[\]"P |[:bU4 e

1090 ()P ﬁ%ﬁ@ﬁ?ﬁ‘é RSOl BRI o e B SRER )

e e/ 0%k ()- e: spa@%ﬂmrt(fymmlm@@mn(e)terw theciddeneq: : NA410 eQ

21098 ()~ Gef k11 [gusn [ Rat1D Sk VATOb@ T T eltVBhoh 1) & EkPReioE: (17 ze

eZN10W&' ()- e]" 109848 -(lpw clld@os Ba\ing Z:Siwutqrgleytn@rfmd[acwm@ lmmme}mer()

COMRSE (110 OBy SR U 00088 L)oo ot

e109F&T& () - 1094 094 666aendDYRAR o )nearthe I09QE(!)! tpr schengakxifinyUs V

A281000808! () " exxeal 2] KT RUN sk ey RO b e rafas, o e ()

N109T&T& () - el$10%E8letid) ield bYIFeRI()Hiw SHERUFEIBRIA(] ihez)orERUinal phis LA

11000 ()-2))) 0-73 - IUIL BB S 160w %9 o fife 19”’?%%@%%9()-2

e '109%@& ()- T$10% i §81&na) ancegT$10%& () -JRnt|[:bU4 e eK2! 10904 (

098% $1098% o0
G Yot 1099 8 ] g%+| obUs: SEORBET 3anf5§}&@%)awgge§f%%;$@%%o egrfg"!"fdweé’ 0

o46R 10% $& ()-Z eBdf{ 1098RNIédted ZigBid bk tiee e@niONSe® (eaneKicb1Oo(&)dr) of e K
$1000MA& ()-1 K S100RMIRE (D%M K $10% Mo & ()-1 eW 109%W& () - $s#ol|[: bU4 e
} 5$100/MYE () - e3" THSEPE! 8e0 10000& ()- -$10%Mh & ()- eB+L

1090& ()- e) 1109%W& () - ostuv07VU4 el #1098%&' ()- e 1098% ()- e"109B%& () -

109 10MA40 /& 0YBU& ( 109%3%
gm’/&S é%S‘(Ve)& ()-e e4V\%‘8‘V¢30 Qh% 0%@?@“@ an%i%q/éfg ut&g & %} e&ﬁ a llqu«% ()-e

e"*10%‘Ve§de(s¢er®d@@(1d&%%h@)1 e &o&x&ﬂrﬁ%%&a@r ef et}liﬂﬁtm@%!&%&k(n)g drepoé&ﬁ?@%ﬁe()
E10989%& 4103% erk: 1098 9 YBYE

021 20068 THIIN FOTRIEE YO IbE SHIBOATT ot kA EBo S o ST P

el 10%()/«8;8/0(8??? eakﬁl‘}’/%rfag%wﬁl 10 /rﬁ )?ﬂlslr pdre&:, (CbmeQW@G%’/TSQJ/és;b{ A4103%

en=! 10%9&' e 0 Y Y%z - el0W& ().- ,

e} 10%& ()-ntd Ye| [ : A4103 4%1%%9& fé“;d "gw*fo %%e CE'HHTO%}'ZS} location;
env$e% & ()-Z e ! 189%kning a 3RV strucidedd pAkdiBHetrekdhbandoBoinn below

eq310%& ()- eQ@10 ee- 1099& ()-/4567AFVUAL0
 stona ().} e mo%ﬂé%t oS ) S st Al £ exteror Srece

e61099& () -85 m [ : vixtdepah 10M Bennee pkFHAd & (e-indtSl0e ' & () - eK
10% & ()- eKt10% & () - VZ$10%& () g . vU410 e eNGC 109% r‘grz
eK45$10% & ()-u e: . ! 10% @mﬁjomr@@ eot@r/&rt 3 G9Ngngp-column above the
eKN$I 10% & () - O/U414@ S UYEI ) pa@iiicl QWA %e i -the! B0RIEY G - tbhe wali-flow
el0% %' ()-10"' 10' 10' ek; 01l0% & () - O 4] 1:vU410 e #10%h9%& () - eT
109 9% ()-e elo%lcyeﬁpf(”?‘:t@’%v@@%ﬁ/&“@ peg@f@ymc(ept the inner erlmeter of the
eHF109M%& () - 42E: |[mHéJ4\LQIiQm§|'b UbBEnieh-18 @ikl VS s( ) - b Yah %gdia() - @
$10%Zh%Z&' () - $10°/¢gh°/¢g&é 10%%&' ()-16789C| obU410
e109%h%. () - 10h%d OhATHEE *6@30@@%1%{ tpg inneg pBl POYIRARCFNISIANYBIR R, () -

e:. 1 10% % ()- C-">bUA10 gositky) %Ea (t)ransnik@s/éh%ﬁmééns ih OY8e (changd 08 %@ () -
el0%% ()- eNL10%%& ()- <bWAIO0 e#3 ) & ()-

adjacent the wall-flow collnctor the transmlssmn means adapted to

.95



10% % ()- 1099 ()-  10% 9% ()-#3 ) ~DbU410 e#3" 10%%& ()-#3 )
109 %% ()OB37I09HSR () - 10%%& ()-° 10%%& ()- {_?bU410 e# 10%%& ()-°
10% 9% ()-#3 ) = 10%9%& ()- 10%% ()- 10%9% ()-"& ,05_7bW410 e#
10% % ()-  10%%& ()- 10%9%& ()-#3 ) =~ 10%9% ()- 10%%& ()-59:; *=bU410
e#t eZ109%$& ()- ell0¥& ()- i4% 109%& ()-  10%9%&' ()-#3 )
transmit at least a portion of the collected liquid collected by the wall-flow
coliector toward the longitudinal axis a substantial distance across the
cross-sectional area of the exchange column; |
collecting in the wall-flow collector at least a portion of the liquid
5 descending on or near the inner wail; and
transmitting a substantial portion of the collected fiquid collected in
the wall-flow collector toward the longitudinal axis a substantial distance
across the cross-sectional area of the exchange column;
providing a dispensing means for dispensing at least a portion of
10 the portion of the collected liquid from the transmission means to the layer
of structured packing; and
dispensing the at least a portion cf the portion of the collected

liquid from the transmission means to the layer of structured packing.

15 15. A process for cryogenic air separation comprising contacting a
flow of a descending liquid and a counter-current flow of an ascending vapor in at least
one distillation column containing &t least one mass transfer zone, wherein liquid-vapor
contact is established by at least one layer of structured packing, and wherein at least a
portion of the flow of the descending liquid is collected and redistributed to the structured

20  packing by an apparatus as in claim 1.

186. A method for assembling an apparatus for collecting and
redistributing a flow of a liquid descending in an exchange column to a layer of structured
packing in the exchange column, the exchange column having a longitudinal axis, a

25 cross-sactional area, and an inner wall having an inner perimeter, comprising the steps
of: ' '
providing the exchange column;
providing the layer of structured packing in the exchange column,
the layer of structured packing having an exterior surface spaced apart
30 from the inner perimeter of the inner wall;
instafiing a wall-flow collector in the exchange column above the
layer of structured packing, the wall-flow collector having an outer

perimeter adjacent the inner perimeter of the inner wall and being acapted
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