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known in the art.

[0004] One such de-entrainment device includes a series of vanes arranged in parallel, each
vane being a thin sheet that is formed into hills and valleys. Conventionally, the vanes are
spaced apart by spacers to provide a narrow flow path for the stream. The vanes and spacers
are often welded or bolted intd position, which has a high manufacturing cost in terms of time,
skill, and materials. The vapor stream enters one side and takes a zigzag path to reach the
other side. The entrained droplets cannoct negotiate the rapid zigzag and impinge on the vane,
where they cling and run down the wall. De-entrainment devices may also include louvers

welded to the vanes. The louvers provide pockets that trap and drain liquid and greatly reduce
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variations include the shape and size of the louvers as well as the shape and the size of the

corrugated sheets and the configuration of the outer frame.

[6009]  In one embodiment, the invention includes a vapor-liquid separation structure,
comprising a plurality of corrugated sheets, a flat sheet layered between each pair of the
25 corrugated sheets; and an outer frame that holds the layered corrugated sheets and flat sheets

together. Each of the corrugated sheets comprises at least one integral louver.

{0016}  In a further embodiment, the invention includes a vapor-liquid separation structure,
comprising a plurality of flat sheets, a corrugated sheet layered between each pair of the flat
sheets, and an outer frame that holds the layered flat sheets and corrugated sheets together.

30 Each of the flat sheets comprises at least one integral louver.
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WD 2007/ 081623 PCT/ US2006/ 061692 100111 In another form the
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el i m nkt or dghowiahgdispreatpsystem.or med | ouvers in phantom [00171 Fig. 2A
is a plan view of the corrugated sheet with integral |ouvers. 25
[0018] Fi gl0028 i Eigal sadonyiemots centrrd sestion ofgakedtyshaet elipfindforgf th2 Aresent
[0019] Fi ginvdfiohs @ plan view of a flat sheet with one integral

| ouver. [0020] Fig. 3B is an end view of the flat sheet of Fig. 3A

[0021] Fi goof4) i sigai ks anis¥h@W Gkwarid ik . |
| ouvers. Lg;:ggnl Ig:i g. 4Blsi S an evr\lld Vi evsr%?ﬁtgtﬁfem% fngstt E;Eﬁg%tggog?{e%}‘egs?nuA.
-3 .

20 [0015]  Fig. IC is a top view of the unassembled components of the vane-type mist

eliminator of Fig. 1A prior to the integral louvers being formed.

[0016] Fig. 1D is a cross-sectional view of the vane-type mist eliminator showing the pre-

formed louvers in phantom;

[0017]  Fig. 2A is a plan view of the corrugated sheet with integral louvers.
25 [0018] Fig. 2B is an end view of the corrugated sheet of Fig. 2A.

[001%] Fig. 3A is a plan view of a flat sheet with one integral louver.

[6020]  Fig. 3B is an end view of the flat sheet of Fig. 3A.

[0021] Fig. 4A is a plan view of a flat sheet with two integral louvers.

[0022] Fig. 4B is an end view of the flat sheet of Fig. 4A.
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WD 2007/ 081623 PCT/ US2006/ 061692 [0023] Figs. 5A and 5B are top
views of a central section of a vane-type m st elimnator of the

present i nyenbieic2 0024] Fig. 6A is a top view of a cegii@bioseskdon
of a vane-type mist elimnator according to a second enbodi nent of

the present invention. 5 [0025] Fig. 6B is a top view of the
unassenbl ed conponents of the vane-type mst elimnator of Fig. 6A
prior to tHe2intEgr ah ahdiiy e sopbedwsgf i canmeltect{od 02O danbky@e mideliBing&ot @p

view of a . i on of a vane-type m st elimnator according to
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not be ConStrEEdb‘%%ﬁlﬁi mﬁﬂﬁ“lﬁ)‘ri]% t he sc%ge of the invention in any
manner. DETAT{EO™ B {08 et erring to Fig. |A there is
shown a tO[BG 'evigiq gigzetp)t Ql%l ﬁlcti on il lustrati arr angenent of

n he
vanes or sheets and integra #oﬁ&%%sge"}?éefiicﬂ?]ﬁ@e?tﬁgf f VARG PP S channel s
accor dPng elizinatan obffie. "Bnradiotenintegfal birerpreegdntned.nventi on. The m st
elimnator or dem ster 100 includes a plurality of corrugated sheets
102, a pl P8I t FimPAfs alop siswet 8 canbakseetivd of GMibtypandst alfmipabercedrdiage a

shown in Fhigh erhBdinfeaCdt 1R prdsBR iR fHgat ed sheets 102 conprises a
plurality of integral louvers 108 and the flat sheets 104a, 104b

conpri se i[0d200r &g BBUVAICEd Lick O a ANRhRNORINE 1@eY BNERIRAY Bigdsa | €adi ng
edge 116 proxinmate the inlet of the vapor-liquid separator or

deni ster d0MB0R tOoakdpoiing r2ferefetgarkdifts RdR¥de 0Bt LpdrldR g pARAkrofitb hiGhe

10032} . Fig. 1,B sh one enbodi nent of an outer franme having a solid
Lop oiht e ! Bl s RS ane e CrpoPrenach s bYameHBY Shicher

or ot her wicemstraeicas liglitjh galsessesfial of the tive @A tipany nidagsr. corrugat ed sheets
102 and the flat sheets 104a, 104b. The outer frane in this

enbodi ment includes perforated plates where vapor and liquid enter
and exit the denister 100. Th®EJ4pdik REFCRIPTION

[0031] Referring to Fig. 1A, there is shown a top view of a central section illustrating the
arrangement of vanes or sheets and integral louvers defining the fluid flow channels according
20 to one embodiment of the present invention. The mist eliminator or demister 100 includes a
plurality of corrugated sheets 102, a plurality of flat sheets 104a and 104b, and an outer frame
shown in Fig. IB. Each of the corrugated sheets 102 comprises a plurality of integral louvers
108 and the flat sheets 104a, 104b comprise integral louvers 110, The sheets or vanes have a

leading edge 116 proximate the inlet of the vapor-liquid separator or demister and a trailing

23 edge 118 proximate the vapor outlet.

[6032] Fig. 1B shows one embodiment of an outer frame having a solid top plate 106 and
two solid sidewalls 107 that are welded together or otherwise securely assembled to contain the,
corrugated sheets 102 and the flat sheets 104a, 104b. The outer frame in this embodiment

includes perforated plates where vapor and liquid enter and exit the demister 100. The vapor-
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WO 2007/ 081623 PCT/ US2006/ 061692 Iliquid streamenters the dem ster
in the direction of arrow A fromthe back through an inlet, is
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which is the bottomof the demister. The amount of vapor that exits

via the liquid outlet and liquid that exits via the vapor outlet
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outlet. The top 15 portion a/ be coF anar WI e vapor outl et
or the assBepigtaasmayhe H%@ﬁulrpfuw@ale emjigter ‘eéa@ﬁtouﬂatrli?pftﬁagierwerrlloaway
them In 0%[u@@%tﬁﬁ'ﬂmpeﬁbﬁteﬁ@]ﬁpoﬂﬂfntl'l9913%11@%5@5‘%t&p lé@%éqgwérﬁkethe

hei ght of the dem ster. In another enbodi nent the top portl on 11
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of thelnlle%aﬁ ut.| et of the demst%\ 0 and the fluid channels
defi ned by $#E°Lhedsy U 14 Aoser aptodimsnt 65?8ﬁort'f)@é)@sqxtemtﬂéﬁéwfthﬁe

out er franeighayf tharddmister. tha &ﬁhﬁ'&h‘lbdd:ﬁl:nﬁ&l%&o@ﬁomdrﬂ uskxatde e 5(10/{;1@&1‘—,5 ane -

si npl ed or flat stock that s the e t he
sheet s loz%lg?’gﬂfatggéhrﬂﬁir 'S ‘Therfﬁ’?teotf)hg‘?m@hﬁg ﬁtﬁﬁ?%m gwﬁﬁﬁ h&f‘ b458nds
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conpri se e e and/ or eIe
cl anp theargﬁ [a%ré.(?re jet'hier " ST °f ar"éfr?é ﬁé’%}gh@d 08% ‘gﬂ}?m% T“td“e
known neanguid mnndlsdtﬁnadtgtm(ﬂnqﬁ @vands aellefdepenel di ng, bol t| ng, gl ui ng,

tying, crinping, hinges, and pressure fittings. Enbodinments wth no
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prevent | i bggtgierd%%‘ljt% k gy s%a@es\tﬁﬁse%gés i sReef:A0D G4 E Gnd’ RRB n

i
out | et condui he outer franme nmay a
25 other embodtmenis straps or bands define the frame that binds the sheets together, A frame

may comprise a variety of these and/or other commonly known elements to clamp the sheets
together. The frame may be secured by any well known means. Non-limiting examples
include welding, bolting, gluing, tying, crimping, hinges, and pressure fittings. Embodiments
with no solid frame plates may be used for example inside a process vessel to prevent liquid
30 from leaving the vessel via a connected vapor outlet conduit. The outer frame may also
comprise the walls of the vessel or conduit in which the demister is located. The demister may

be oriented for any direction of vapor flow. In some embodiments the primary vapor flow is
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conprise the walls of the vessel or conduit in which the dem ster is
| ocated. The demi ster nmay be oriented for any direction of vapor
flow. In sopB.RRkRsd ments the primary vapor flow is - 3c¥¥952006/061692
2007/ 081623 PCT/ US2006/ 061692 horizontal. In other enbodi nents the
primary vapor flowis vertical. The dem ster may al so be positioned
at an angle so that the vapor flow has both horizontal and vertical
vel ocity Hb@mlmemtoﬂler dihiiy dridnt¥akypriv@POFapdd T 1wt:&avmceibm&f majalso

upward or downwar ve o¢ 5 034 how
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with a gapog'g?ween the sheets to illustrate the overall structure.
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sheets. Wienydheshdayidraed fﬁn@ﬁ@ﬁaﬁh@% Mk ke %Bﬁml 8&rSind Ehta %thxr ﬂrem&r y
vapor flow w om [ to left with the di sengaged

dr ai ni ng tPBDV‘Jf’h%mB%‘F ol ‘ﬁg shegfs fogetbsroRigntr Ffﬁ’l‘”slaélmf"t?@“iﬂ”éﬁéatd?c ‘f‘ﬁb

page. 13 f Ipatiensthaladitesist €b dfMheshextsinll ef Bﬁatvaﬁolr BiIcE ]h@n I’Iﬁiaths , kReyis ARy
er surface o

be attach by a conventjon ne n 0 the
oF dowe | o oy Heniée QO Bl b AR b st WHEE Tog GHiC s S GRrR
be | ayer edbubat \A&Qﬁlmaﬁ*)h&p&ml(ﬁf Wiiste fRarighgntieswsimgetisenkfld ageld thming to
sidewal | s theqj i ate.

n sl.i
cross- sect' oﬁ”?ﬂa q?ércﬁtg%rnﬁﬂ’é%l EJdg%h@@tOffg?a%eaﬁwvgﬁeaée ﬁ" a flat
sheet 104autamesaldw dbneheaisty niy4b attachdd,lﬁtahﬁtdnm@tibh aeie ltcnmta iraer sofface he

! ouvels 1Qne s;c%wail]é]lg?,,@/fa ﬁt%pqovc\f f?agshegelﬂ ref »ac(iléﬂggx%\{s?%ary b[e aﬁg@@%&vﬁ% t he

fabrication ouversTaré ¢

sheets. The coprmasgatreghisiseets 1002qd the s@emhmmasapﬁo;gmte 2A and 2B,

i ncludes several corrugation peaks 114, a | eading edge 116, and a
trailing éWg8l 1E8. DN aghipwireicresfiegison df eanuuBd slhvet K3 sandgathedlretween

pattern of sghaek 1dQ2.284 AL 1006; HIEHThe BRGBRGE EE RulBY10RSnd 110 by

showing the preformed louvers in phantom, In fabrication, however, the louvers are formed

23 prior to layering the sheets. The corrugated sheet 102, also shown in Figs. 2A and 2B, includes
several corrugation peaks 114, a leading edge 116, and a trailing edge 118. As shown in Figs
1D and 2B the corrugation pattern of sheet 102 need not be uniform. The pattern may be
varied at any point, especially near the leading and trailing edges where changes may improve
the overall stability of the device. In this embodiment, a wide U shaped portion is removed

30 from each slanted corrugation wall that connects two corrugation peaks 114 for a significant
length of the sheet leaving the ends intact for structural support and to contact the flat sheets

104a, 104b. Thus, this removed portion defines the edges of louvers 108 that are integrally
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vari ed at any point, especially near the |eading and trailing edges
where changes may inprove the overall stability of the device. In

thi s enbodiw@idorndieiy de U shaped portion is remved 30 ﬁéﬂﬁgﬁmmgz
sl anted corrugation wall that connects two corrugation peaks 114 fo

a significant |ength of the sheet |eaving the ends intact for
structural support and to contact the flat sheets 104a, 104b. Thus,
thi s renovestmp®by bedbingdebbiesoftthecontgfal shéet | @UAGRE SrokQfke rh:ﬂfnat@b&rugat;on

por o of PEikd 1LY PAPEI- QB To bUATaTe IR aﬁ@fe‘é{@%’w&%ﬁ’%‘g'sé‘a .

corrugati ofeft u@e&k Jolvkés 108 aﬁcnhme&lop@bdbﬁtonbﬁtowemm folp@sslfariat inkdB thndpihe

flat sheet 1 4 spaces t he | oyvers 108 and the

r enoved por't'tlg)o th la1‘p|aﬁii pr%ﬁ'H‘gg *r 05%’? %%’ﬁf‘?ﬂsé? &Fg]”ldﬁ%ay\f'ﬁﬁ?ﬁ’?’; na
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the fluid not Ss | rai i,ne nl.et t
vapor outl g@{(itl ?UI?ﬁe %alf) dlagé |b8%t1 %eatlpf)‘a(ﬁ‘i Eflcﬁ“ﬁ‘](t:haeﬁta ?}urg h%‘i‘/‘?%“r%ﬁ . ﬂ%ﬁ%{et
shoul d be draighgubsanthﬂehethbmrtugmcbﬂletthm apo Qktestecand 44 ond 1604ptThe aall flat

l'iquid sho r h : r te .
103 and 11 e hEe hEfs FToEHO AR, LR bl i SO AR T0P Bl
peaks 114 efuffisientsent wu@@t&eéldt shertet0da 4100 Oftlaetithd dontee po'mtsrwlgatledh®he®t S
102 fo n f t it h 04b at
the cont acrndRieRil bl ey piht MblR e ac O Bar PR B O, P
out er franeorrugeigawpesks lil‘t arp gotpguerelt hihe inféntipn. séwnmstrsa@attmldcs a scal to

corrugati OBrepc%@-ga%tLﬂ-éd%qﬂ{dqroﬂpﬁeal&?gqmoﬁ%dg g%behbe%n 'tlﬁ‘é?r%éa& sheR¥n@fRMEL Y

t hat provi des a seal revent” ca rom | eaki ng through
gaps bet we@eis teercihe iﬂq}’gcat'?efés@ﬁ’é?étl%mgwﬂflat sheets when the device
is assenbled is sufficient. [0036] Fig D shows that in this

embodi ment (93¢ eFig- D Hhows thaggp F‘E%?'%‘H’dﬁ%aﬁ/ioﬁl‘febgrﬁlp a5 dirRged 2%y dggdeating

and t owar dedgb@l@ﬂﬁk@&ariﬂ e Bk et Ay We%ﬂ'ﬁét@loh%ﬂ\(@g Iﬁ@&er drfbo@iRet,
r all of the | ouvers 110 are oriented towards the

enbodi nment s, {Teﬁrtﬂ

| eadi ng ed@oé“eﬂé Blopyest Hopecriopigqiowards the beading Gage; Lh6-Frigdlat shaet A
3B, incl udgso Hven IHORYELBA iﬂd)smmdllaeiéielddvat 16 @Rd thd @4dhecdl B8, SRQWEWn | N
Figs. 4A an i nc] ude

. ouve 0, The ] ouvers 0 a
Cnoogr an | kit bR RS P IOWRL By TH S | e SlsBr e bim ot g
or punchi nfiattsheeau géy, 1 dvd sSdEheEtbybmlﬁtﬁfrlpm&:htn@m&aj@@gﬁﬁe@fo &find e bagéyefr
and b%dl n&eEhe | o verlln%gho tvm c flat

oL Y 2 i s B Tl sBioR g & pBlinrtn 16

portlon In"a "partircu
i S subst anpartidulay epru*dahdne ltheviiat portidreofi@str 1dD is subseantiblat pagiiieletis tidka of
104b. [003 Zlﬂ&t@h&tsﬁ%ﬁé 18%' ar enbodi nent, the louvers 108 and 110 are
punched into ngl e noti on rat her than being forned in

mul tiple S[tﬂﬁlpﬁ aiﬁ a%gﬁgﬁlbth:%ofﬁg%}{t?the R0 608 anki hﬁ) are punched into shape in a

single motion rather than being formed in multiple steps as described above. Further, the

25 louvers 108 may be formed at the same time as or before or after the corrugations are formed
in the corrugated sheets 102. Alternatively, the corrugated sheets 102 and the flat sheets 104a,
[04b are molded, such as by injection molding, and the louvers are integrally formed in the

sheets during the molding process, particularly if the fabrication material is plastic.

[0038] According to the present embodiment, the demister 100 is a standard size having a
30 manageable weight and the outer frame may include interlocking means that cooperate with
other demisters 100 to form a larger row of demisters 100. For example as shown in Fig. 1B

the hidden sidewall includes optional male tab 117 which will interlock with the optional
-7-



25 louvers 108 may be forned at the sane tinme as or before or after
the corrugations are formed in the corrugated sheets 102.

Al t er nat i vigbWoodBRzs0r rugated sheets 102 and the flat $pegRkSicdHddo2
104b are nol ded, such as by injection nolding, and the | ouvers are

integrally forned in the sheets during the nolding process,
particularly if the fabrication material is plastic. [0038] According
to the pregante tembodiciensts the &@od&mds‘bﬁl’ofll%ek&eﬁ}isﬁéraﬂgﬁdlﬂuﬁiatéf? hi-Vi ng
a 30 managea an te may i nclude, . interlocking
means t hat g‘ﬂl?)og E\Qﬁ@gﬁﬁ?ﬁx‘e%‘{‘ﬂ%@?égﬁ#tﬁ EE’Tﬁﬁy?IB“gﬁE Igrding edpdithe ow
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enbodi nment he tab ter ong

t
t he | eadi nLése%[asc’i'c'%e quonlghgt%)%%eﬁn% af’% r?‘%”geﬁg\gees%? r\?gf@ISEF '@’vté ?T”ﬁ‘im 1 ow
bet ween i nteafifoaked! e fsltreatoumlptcsiuceldamtstelnsemo uemrta(nmnmaﬁlmatdﬂte bé abs

are | ocat e%se%lb?era ;owgt f]xrra%ln nnggth Cdt_%%% cg%ctor{xﬁlze déemlst rs E(ﬁ) %?eqwﬁ%o fo

also 5 be ocate hers edges o em st
nal e and/ opartfceladly ehottabss araymiveh thu@egthmemedasln alsmmig' rtmmbr mhldiusltmad,l ng

and trgi | ing,6dg, %neglgan sE'Emgg %gogé?r%lg'd i t%@tém@%w flet 1&4%@%»&” ation

aIIowsafarlca ne ‘manageabl € si ze
to be asséntiiesdo that lr@wbe ofnngctadyto n'gcﬂrestghtlshe@dﬁﬁa of tﬂgtr@mdsmzswof the

dem sters %Q%mb{mg%n{g‘?gﬁle&?%r §19£wa119?€t$véc9% hé’m:&QPrffrﬁyrk%@n fer AB&%

match the length requir In a sim r not ustrate
i nt er | ocki MYh#reEary Seryserds/ineove thesi provraltivtdsrityn oipntapremblgd evpreiagk, 1 typ

sheet 104a;@freefdBensBiilaghelr dsQiskchat it can be connected to outernost
flat sheet 104b of the next dem ster of the row thus elimnating the

need fior sjoenNalth ssebm& meaas B08ET 1Y) aEtEnRdIGH sevANeokDQNMA shidtsaibh AN
nmechani sns %ﬁ}g g ﬁ%e rove the structural 1ntegrity of an
assenbl ed W, %64 real?ecfe > angthg sheetsargiayrpd ississerioeg abgys thform the

dem st er s.asskmbyGRASA] inlFi. wae Thd Ihﬁ:rédbﬂ&/@irﬁayl&%lacé&z@ i Rtel QEHEE thdd the
several c rrugg%dﬂﬁ?e ts..102 anld1|8 sheets |04a, 104b

respectiv ?%9' fraiipg edges, I&eﬁéreoFégbﬁrP’B'éﬁfe&batho form
t he assen‘iiﬂnwu&hmwthd fuidFinget aﬂdévapafhﬁudtaygﬁagecsmﬁtﬁqemamr b@nda{oaﬁ,eﬁé in

e, oS BT 0, R 605 deadiaa. edaes, 116, and, L, g edgcg, L1s
inlet and pva@mbmmﬂtuhm tiedis ofiecRp eleti Ned yhd ohb RatQhideeT04b f@RRerh edrtlgatbdie
spacer s 1 SILEZemr RS SRRt sl SEhBI RERe o Ter L e Pt
sheet 104aAamdtherrmbe1atents bkt ink&dibn fleh aethe tojal a@nised ghdheds, the width of the
sheets 102, 104a ,and 104b from leading edge to the opposite trailing edge, the height of the
25 sheets from the top plate 106 to the liquid outlet, the dimensions and configuration of
corrugated sheets 102, such as the number of corrugations and type(s), for example, sinusoidal,
triangular, rectangular, and others, and the number and dimensions of louvers 108 and 110 will
vary based on the specific vapor-liquid separation objectives. Factors such as the volume of
fluid to be separated, the physical properties of the vapor and liquid, the liquid droplet size and
30 distribution, the separation efficiency desired, and the relative liquid to vapor load may impact

the specific demister design parameters,



sheet 102. The specific details for a dem ster according to the
enbodiment illustrated in Fig | A or other enbodinents of the

i nvention sshhodssitze total nunber of sheets, the w dt hp@fu§dadsiosicoz
sheets 102, 104a and | 04b from | eading edge to the opposite trailing
edge, the height of the 25 sheets fromthe top plate 106 to the
liquid outlet, the dinmensions and configuration of corrugated sheets
102, such g8&i40he Imanrdieodiofntcovapugidduidmsiuadshsdey pe(ugh a 16w maeipalapt © the
sinusoidal ,  tria | ar. ect angul ar d erss, and the er and
i monet ons U T 0EER] e bR yRh )R TR e PR WEORH 7O
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channel s or pdssages created by the sheets and forne Tolvers. The
fluid passé#yeshsedlustfasegesprd the heokelbip axé disidemisten 00 thighgh hofletange
directipn SaNBHRbr (bMRSe tﬂl;hz@?d? ofidi 861 1108 nGBRNAGR: BN HibNGoeSndt MUl the
direction changes the vapor-lTiquid mxture encounters in the Eogk.ets
formed by t¥neranddigvidioytiernig baprfingd hpsepwraig sides of igslemisiss ot igan euticplimited
separat e f §Oiddhesid6aPeF exarhI8, dnk Gillé faj RAE S, E;%erb[?oni&nrtﬁza_@ RETheDMe MpAr SIS
down t he pockets formed by |ouvers 108 and 110 to exit the dem ster

100  t hr oudH HowFrawtieaMapiaiacohe ioibaudet At oraembedimet. iy partigueldre
franme. ThesipapRA 1i§AMELRWRemlshE QURAR 1A phitibh 6f PEsi8agRISe@NE pdrhéh of the
pockets to exit the dem ster 10Q through the flow 10 mani pul at or

proxi mit e EREaEd HEHd it fiem theydemigigr bponkot ed that the i nvention does
not requir e .vapor ,.and liquid outlets ,to be defined by separate
e ar 1 fglle B reometi it grleope R o b S BY
For exanpl eym@n@osiiae ommmyatibig vige,and shape rThp dnivéro M1t dadtl 0gleby Masichiae
vapor outl gt d,a.lower rtion that defines.the [iqguid outlet. |n
vehor enbolashle idgind MRk PR A e ithng B8 DE R hOShetb s HabioRbends)
dem st er fingm lautecwery diectspaificgbrioneofshedenvantwsies tha thlgor vdponoudtt. {The

15 Sepayf at Sgctldegw cq" tﬁg(li rﬁ\%rsfwriggil. fn?}[ﬁ%n%g eystgg galg%% %e%éen [pgrgﬁzi’lsf%)lee-r Ssure

i nvention énconpasses practi ss variations ' o ouvers
such as bydropardseparatipo sificieory, and ptherdagametens of dhezpgcifamdpaH apd. sefkation

louvers 110..a0d ALQBJiBY, FpJeng rt}{efefpd% et 1%93’@519&_?% g‘eﬁzoélagigg\;ep 9 O?S%SIB%T% glsfhe

and/or the trailing edge 118 o e sheets var i
i n the | ouvaling aday ] dianethe lepesi §§ are fponed tohaveafpottive thapiswehstantaliamearslidl he

inlet or V@Phhe gﬁ'ttslhgetts IOIQQO%. In another variation shown in Fig 5B, the louver 108a may be

25 defined by the remaining portion of the slanted corrugated wall remaining after a portion of the
wall is removed to allow passage of the fluid. That is, no bending of the corrugated wall is
required. Another louver 108b is formed by bending the remaining portion of the slanted wall
to change the angle it joins the peak 114. Similarly, as shown by louver 110b, the flat sheet
louvers do not require a bend other than to deflect them from the plane of the flat sheets. The

30 louvers such as 108¢ and 110c may have multiple bends including portions that are
perpendicular to the sidewalls. A louver 108d or a portion of it may be directed to the trailing

edge 118. It is not necessary to remove a portion of the corrugated or flat sheets to form the

6.



20 exact design of the louvers will be influenced by the bal ance
bet ween perm ssi ble pressure drop and separation efficiency and

ot her par aete6mshs t he specific vapor-liquid separati @ardeskhidae: AS
shown in Fig 5A, the flat sheet 104a includes a second |ouver 110

proximate to the trailing edge 118 and the | ouvers 108 are fornmed to
have a portion that is substantially parallel wth the flat sheets
104a, 104blouters. anainger pmanmgamrcmgh fhh@wat dnB blridghg2Bothéise f@HVRI thelOBar may

be 25 define ng i on of. the sl ant ated wal |
renai ni ng %.’F@j%s%d“"g‘%ﬁ ’isgﬁlﬂ(‘ﬂ?m Ao | gmbpdimept ARpHpn © gﬁﬁf‘t&&‘f%%‘g‘éﬁé‘i of
the fluid. in'ﬂlﬂ:&fbrrnaﬁpnmith Ibeadi 10gs abs friosrdesigiaddedr Arugdiad shEeEded’rdeS .
Anot her | ouver t he remain on of the
sl anted wal'l’"" 8 b tglé{?lmtes’ Ot?ﬁ]e "gﬁﬁt?g@%ﬁre nl%ﬁgn? ‘P‘Fé‘gngo h ﬁ‘gs E#Srﬁ“fi arly,
as shown bdifftrentviesign foialﬂbuvetsheofahahli sﬁtesefﬂu:d flouviense|oilimate thegiter e a
bend ot her flect . themfromthe plane of the flat sheets.
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i ncl udi ng pempleshsildihfow aztks par ipeliffirow insany tical kdfeheSTuitefet dhanneh, | ouver
108d or a I

& JcFa']Igﬂle%LmloEl d?"?e\{m}%?l fﬂl c{ ﬁc():\x; S%m%eﬁ t]jjﬁerent cor{ugatg%shegt? g&ci']f g%]l:éye t s

is not neceSsary to renove a or e corruga
to formt H@Eghtlgat\mhémt?ﬁ@mt@@& W@S@@iﬁﬁﬁﬁﬁmﬁge of bcmuga)rcss in@hit fliichg or

punc h'iﬂg tﬁH\@&hQK}bi m%{)ﬁ]ﬁ% IHQHSdCW ??:ﬂh@glu %rﬂo%tc'ﬂ%@ff Eﬁa e% n%l SQ‘hé aﬁvers

| ouver such g is sufficren
portion ofm%m@fﬁ‘}”ﬁtm & $iegie 119w chapmab grsddor betveerniov channgdsisoeh asby thelnowvey

110 as wasehfisy g&y %hymg%ﬁ Gl B&ShefiOr In%oBQEx‘hH&ﬂ]E(%‘E’s tﬁ@@o%g%&%@e&s %Q%r

I n some enbodi nent's of the | Avention there be one“desi or all

| ouvers 108° Batgheats sreappstastiadiyiparabial e thay pvidh q>fthq>ﬂwféﬂ@w11mnelmd all of

the fluid shmwnm}aeamns Woler SH6RIntcRR (RAREs ﬁ@&%@d seghaft i ieiaf oW
pat h. Howe nei ther_of these is required he su I| ect 1 nvention.
e

For éxa @‘“elt‘ﬁ@P?“F‘bl'H‘efﬂfitﬁivﬂoﬁﬁﬁgleh‘ﬁv tt?éaP&TeF‘ffé’faéllﬁtthq ipletgryheowpd| | of

the fluid dull@wnabarRelds the 1i8SBe&icab tYe Sdp6siQUidBDE: esa{mﬁ]@m@h@@ht drhui d
fl ow channel s. @E’)fferent corruygat ed sheets such as g:%/ height that is

the di st afCEuBELRENMEY lﬁttapﬁf‘*ﬁt“é@e deripbdirestien. dhiwh Bwrigt vagiaiang §dbs ons i n

the fluid 1dBekbanishanngs dﬁ@%c&ﬁpa@&ﬁ@y the s@fjott PRentibh wlkreih AR 15 ekéltdheels oW
channel s em st Ee | ouv may vary within a single flow

channel a ﬁ?ﬂ%ﬁﬁ B'évtp\% Pra I s such as by the number,
cor rugat edOEE 24 S ae‘frgb‘o’” ST oo 4P 8PS BE ST PTG el | e
such t hat pwra:!tt}hof@brrugae:dfshaatsaOI hrole sirigbfhetheet204 bstdhiiveah lebthJ@iﬂ sf ant .
channel i SOPaRs B8 2L PR ORENEy S NG vR s o8 1B s e
inlet or tmeodrapvrthe cumupatd, Shamsdl(}@mammg/vategﬁlly feeméd Iqunech sadiptoeidingielf he
opposi te §l:llp%gl't€Cﬁ%d Sf?éf'f}[é%' b@t’wegrht%e m?ét %thgiapg‘r outlet 212. Also similar to the first
25 embodiment, the demister 200 requires a vapor-liquid mixture passing therethrough to change
direction several times, causing the liquid to separate from the vapor. The flat sheets 204,
however, do not include louvers, thereby providing a demister having a simpler separation
structure. Fig 6B illustrates the layering for two fluid channels and flow manipulators at the
inlet and vapor outlet. Three fluid channels are illustrated in Fig 6A with various louver
30 designs. Channel I contains slanted louvers 208, similar to the louvers 108 in the first
embodiment, that also serve to reduce the pressure drop through the fluid channel. Channel I

illustrates a variation wherein louvers 208a are rounded or curved to reduce the pressure drop
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corrugated sheet may be tapered in the desired direction. Thus,
nyriad variations in the [|ouvers and flow channels are enconpassed
by the submpasiotmenti on wherein the |ayered sheets f opdis€biésosi692
supported fluid flow channels. 20 [0042] In a second enbodi ment shown
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8
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Figs. 7A an@ludBintegrul foiess ﬂm@dkmtem.@m;rba@hme:&sow&hé Q& aN@ehcidcent
corrugat ed sheets 202 ha}vhvgg( nl§ ral Quyer s he flaqt sheet s
204 al Bo h SR ER P& SRFDY T RS sk etw/sgn e [ loeaadﬂgf“faﬂéo (BeRpEgated
210, the |mweommm@mwaﬁsﬁ&e chufzéresmrﬁrowdemaysleg@ f@fthexXTusd sm@hrezcs;ne% 0
or vane being | qcated  in t flow.channels o m st er

26 11 st BB E et ol P g S ol P0G B G URRl Tt e

i nvention Gimsmdliahap’eexﬁtheltarugadeﬂ sHek© B0 T4nd niredosketaTamek b iieddiserds 01 D&use
i denti cal 004 A accordin 0 a
third e nboéw?trJa ﬂla[nﬁe gren}:cgh%e}z%%%m’ef Elfeuu&g%ngatﬁrﬁg%ng ﬁic{%}st%r 3gb ar% tkus
cor r ugdt edcaibretbt Bq@cﬂ)@ batddearaﬁdeatfroslhwapao&rhlaiyezrtbdf‘ ﬂsmnvi/eaﬂndaach pair
of ~corr UQ%I%% rn?erﬁ?se{hg Ist§c if lager%d gt?rirul;rgtgc?‘g gs §&[ Eﬁ]e:}gﬁsh{:gs af Teﬂm ude

integral |ouvers of es and ar & thus sy

i nper f or at sippdrties fridan osthiefens 1892&‘ citve sthoghtbewhe¢tntoether. 8Bjn the other
embodiments, the sheets may be placed into the outer frame or the outer frame may be formed
around the layered sheets. No spacers, welding or fasteners are required to maintain the

25 spacing of the stacked sheets and/or form the louvers 310.

[0045] It should be particularly noted that many further variations of the invention may be
imagined. For example, the fluid channels may be formed to prevent the transfer of fluid
between the channels within the demister. In other embodiments the sheets may contain
perforations to permit fluid to pass between the fluid flow channels. Or, the flat sheets 104a
30 and 104b of the first embodiment may be aligned such that the formation of louvers 110 in
adjacent fluid flow channels overlap to permit fiuid flow between the fluid channels. In

another embodiment wherein fluid flow between adjacent channels is not desired and the
- 11 -



include integral |ouvers 310 slanted in alternating directions to
follow the slant of the adjacent 15 corrugations, thereby formng
pocket s befwegmokiyes | ouvers 310 and the walls of the cegiigadeosico2
sheets 302. The spaces |left by the |ouvers 310 provi de passages for
the fluid streamto pass fromthe | eading edges 316 to the trailing
edges 318 proxi mate vapor outlet 312 while the sinusoidal shape of
t he corrugatets Sheetrkp E0&eaduh dphengpm,\kseh deﬁ@hﬂf&dv dhym{ehea dimpie ensedB k0
cause the amto.c e ctlo sey, e passing
Chrough  n WFRCPERSURNERIN FE-H 0SB Phet | RE

de-entrain r se
enbodinent§@4the 0§@§¥§$ﬁ%g§§%e g%ﬁ%ﬁb%pﬁgkkhﬁggﬁﬂ 6 lﬁgagvﬁgﬂ¥?at
sheet s 304mgtgl of eﬂalﬂdardsthplgmss, Fanging from ét'rga@gsrtteﬁﬂ gauacméf he shigutfsio€ ihe mtetat o

oy be bl S P e P AP Belch® ok Athoer STARCL MEbRe oL Wi RIEANE
around t hemptahrad dgicosinestion. Tle fabpeatien mateviglh tiangprowide ystars cober geel,

he 1 ouver SR Ay e P g b e AR e e lilen o
further varcinfr¢edmisist et@ héhd appapfus Bay fmafybrkyeted fr@mgusme@ mapgiat sesdmme@al of
the fluid channghsd Gk, Q? altQhATRELy L Gk @ahemauw@f rﬁe[tﬁ&%f Ghe ﬂaﬁckmsybﬂhe
bet ween the channel s hin the dem ster. |In other enbodi nents

sheet d0maymegi (& may ‘iﬁ@f‘f"&"&% degriger; Gopraample. he tires may braf onpicrssnandhe
fluid fl owhehanhelaiffé¥nt tidkBest.! Bile shOR8hS alB48ry IV thBRAesI OAR (RfierfaRGre

first enbodlnent may be aljgned such that the fornatlon of |l ouvers
110 in adiPatBiR deraomPe g Wil ‘Eﬁé‘ﬁﬁ%ﬁ“é ligyid erappstignspepefinatqrialfivgedin B

bet ween t hgedifidkipdiichan 8&d e ofeutin@bihi@hs. enbodi nent wherein fluid flow
bet ween adj acent channels is not desired and the -1I W) 2007/081623
PCT/ US2006/ 061692 | ouvers 110 overlap to create an openi ng between
adj acent flow channels, a sinple renmedy is to |ayer an inperforate
flat plate between adjacent flat plates 104a and 104b. f0046] It
shoul d be further noted that the fabrication materials of the

dem ster may include netal of standard thickness, ranging from?7
gauge to 30 gauge. The thickness of the nmetal 5 used in a specific
application will depend on a number of factors including the strength
of the netal and its conposition. The fabrication materials may vary
w dely such as carbon steel, stainless steels, alumnum titanium

al | oys, conposites, polyneric materials including reinforced
plastic, etc. The apparatus nmay be fabricated froma single materi al
such as netal of a non-standard gauge, or, alternatively, froma
conbi nation of materials. The thickness of the 10 material (s) may
vary within a dem ster. For exanple, the sheets nay be of one

t hi ckness and
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the frame of a different thickness. The sheets may also vary in
t hi ckness. The materials are chosen to be conpatible with the vapor
and |iquid conpositions, other materials used in the specific
application, and the operating conditions. -12 CLAIMS: 1. A
vapor-1|iquid separating device, conprising: a) a plurality of
corrugat ed %[H‘é@ﬁ% each of said corrugated sheets conprising at
| east one it egrﬁg{,a}:{cogwﬁg;Serg}atﬁggg‘g%g&hbﬁgiﬁé_{ flat sheet |ayered

0 S

bet ween each pair said corrugated eets; and c) an outer frane

hol di ng the | ayé@ ed eglwagavbcrameied bheetsstrcke pEsaidepatuigated shepts The
device of aiml fur e ISl ~ i . and a vapor outlet,
wherein the corrugafé@gé%lg%@éaﬁt;@g%ggé}%gg%ﬁ% edge proximate the
inlet and a traib)i ngaenlygantipilpXenshee [4eed\baaden eatth pair.of Said dhrengdexdi ce
of laiml or 2 wherelihen t he corrugated sheets, flat sheet, and
integral |ouvers def FH&SsE% supporting fluid flow channel's. 4. The
device of O ai me$ fukhb@tr FRAPRIISinD thedhlyekdtl Brugded AAMat Mets@bgetiRRd a
liquid outlet wherein the fluid flow channels provide fluid

comuni cation between the inlet and the outlets. 5. The device of

G ai m 4 furg her TROMREdeSl Cehid 1f hAMe: TBRbRYD AL LI AThEE @ffor Btk SARTein ONE
of the group consisting of the inlet, vapor outlet, l'iquid outlet and
conbi nat i orike cargpied fhee haTheleading edgegiroximygtie drreintsf ard airatingedge 5,
further co J: Sl tially inperforate plate that extends
over an up eé)!l%%@?tﬁeg‘ﬁa%gf&b%g vapor outlet. 7. The device of any one
of Clains I, to .e] . Qne i nt | | odve defi nes an
openi ng thr%ugh%h eg‘%gérgu%g eg&éhg@?r?mgﬂe %%ggtg@?}éeglsbﬁatasﬁ?et’gﬁg of

Cl ai ms 1 t antégralibevees defmacélf afppbhieg finidefigvathanaelyer s defi nes a pocket
bet ween the, cor t ed sheet d.the proximate flat sheet. 9. .Th
device of any o:{g‘gg?‘”?ﬁ i W?F’Bthéfcc\fé‘?éﬂs’é’ﬁﬁn Ply@ ¥Y3RQL oW @Pg@é’ﬁﬂ i ses

at | east qnfetiwHeegh ele f@UNSH chdnels providRaIREd eM@mhhiadtios helceh tHeegEal

| ouver defining an opening through the flat sheet.
and the outlets.

5. The device of Claim 4 further comprising a flow manipulator adjacent at least
one of the group consisting of the inlet, vapor outlet, liquid outlet and combinations
thereof.

6. The device of any one of Claims 2 to 5, further comprising a substantially
imperforate plate that extends over an upper portion of the vapor outlet.

7. The device of any one of Claims 1 to 6 wherein the at least one integral louver

defines an opening through the corrugated sheet.

8. The device of any one of Claims 1 to 7, wherein each of the integral louvers

defines a pocket between the corrugated sheet and the proximate flat sheet.

9. The device of any one of Claims 1 to 8, wherein said flat sheet comprises at
least one integral louver, the at least one flat sheet integral louver defining an opening
through the flat sheet.

10.  The device of Claim 9, further comprising a second flat sheet between each
pair of the corrugated sheets, the second flat sheet comprising at least one integral
louver, the at least one second flat sheet integral louver defining an opening through

the second flat sheet.
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10. The device of Caim9, further conprising a second flat sheet
bet ween each pair of the corrugated sheets, the second flat sheet
conprising at |east one integral |ouver, the at | east one second
flat sheet integral |ouver defining an opening through the second
flat sheet. -13 11. The device of Claim9 or 10, wherein the

cor r ugat ed L kheeths ¢avisgehiClaim el 9, whrein ¢he evrugated shegt fageal lgversct i on
and the fl o Al I i i - g
Girecti on ERAry e BuneSRbIGRTROIAL oot MR 15 aREEAME | 1y of
devi ces of sanyd dirrstiof thal iaopmoesite toohd first destien.n t he outer franes are

configured,to inpt KoM t ch oth .13 vapor.-| i qui d
separati ngl%evi %é’?‘{f%‘:@iﬁﬁ%ﬂ‘%asﬁ%ﬁy ozlil% Bfglraialﬁ % {/0 011’ sﬁrt‘)ﬂsnttg?\ K ﬁr%/m?sl at
sheet s, whemreebnfigasahtoddtelidek Withadacilsbikat s conpri ses at | east one

integral |ouver, the at, . |east, one integral |ouver defining an
openi ng t hidugHh* YHRErHflyf sgEating dpyjics, CUBPYYREt ed sheet | ayered between

each pair of the flat sheets; and. ¢)_an outer fra hol di ng t he
|l ayered flat sh¥ets GHEraliy a&::}%ﬁaéaalgw%aéf oSy @PWW& %fil?e h"h‘é"h?fé?vi ce

of O aim 13 whei@ipliste lécahtai_ne%ﬁ@?&iﬁou&ﬁrtﬁé&@éa%rﬁ%@éml 180 ey al
| ouvers define self supporting fluid flow channels. 15. The device of

Claim 13 or 14,angpspiap thregghibeflatshestf | at sheets conprises a

plurality of integral |ouvers that are directed to substantially

fol | ow t he cont®urs agorgpatedgjeaidaypredstw ey adupatiddhe flat gheephanddevi ce

of any one of Clains 13 to 15, wherein the corrugated sheet contacts
both flat sheet® of antatepfppe dpldingghe biiered Hat shaets dcgpogated daetel

separ ating devige.having an inlet and a vapor outlet conprising: a)

at least two corfugated sheets and at |east two substantially flat

sheets, the 5?&@*&;&3%%%613%% 'iﬁ‘&e?ﬂgﬁlegt?,dctoﬁwééégﬁdééﬂe&%ﬁﬂgt%gmp) at

| east one integral louver in at [east one ets, nt egr al

| ouver def lonvergdefmesplé mippgringrfmirtyfiow bimnséleet ; c¢) the sheets being

| ayered; d) an outer franme holding the | ayered sheets together; and
15. The device of Claim 13 or 14, wherein each of the flat sheets comprises a

plurality of integral louvers that are directed to substantially follow the contours of an

adjacent corrugated sheet.

16.  The device of any one of Claims 13 to 15, wherein the corrugated sheet

contacts both flat sheets of the pair of {lat sheets.
17. A vapor-liquid separating device having an inlet and a vapor outlet comprising:

a) at least two corrugated sheets and at least two substantially flat sheets,

the sheets having a leading edge and a trailing edge;

b) at least one integral louver in at least one of the sheets, the integral

louver defining an opening through the sheet;
c) the sheets being layered;
d) an outer frame holding the layered sheets together; and

e) at least one tortuous fluid flow channel through the device from the
inlet to the vapor outlet, the leading edge of the sheets proximate the inlet and
the trailing edge of the sheets proximate the vapor outlet, the fluid flow

channel comprising the opening through the sheet.

- 14 -



e) at |east one tortuous fluid flow channel through the device from
the inlet to the vapor outlet, the | eading edge of the sheets
proximate the inlet and the trailing edge of the sheets proxi mte
the vapor outlet, the fluid flow channel conprising the opening

t hrough the sheet. -14 18. The device of Claim17 wherein at |east
one of the 8] alhstrvatesf Edamprli7sdwran ffleast oneithtl@gfﬂealshdetswmpriaasd fast

| east one qf LhfoGorLHPALEL SHCLS SONPIIPER. R  SEER0d, LAL SOr Al
| ouver. 19. tff%“e evi ce of al'm aé er 8T Pt Re” &Rt S

| ayered tolgrexi de at | east one flat sheet between a pair of

adj acently |l ayered corrugated sheets. 20. The device of any one of
Caims 17 t19. 19he ddvireaif Cldife 7ak 18 .oasdcinfie shéad aré heeied CHOPike aeidast he
at | east one |nt | ouver {he at | east one tortuous fluid flow
channel  p&8&{lAg g‘ﬁ%B‘ﬁ”@ﬁni‘H@fa adjacgadly layreed pogigelRdehecso 1. The devi ce
of Caim17 or %8 wherein the sheets are |l ayered to provjde one

cor r ugat ed 28he &b §F¥SHROE ﬁn%ort?d%frc?%‘im ddjate ﬁ“thFS?H} G ét 1@@#?‘1‘%@* shskt s.

22. The devbmeriQk d Aldidhe i 51%‘9/61; m%ﬁms%%&&%h@ﬂula%%tchme;
conprises the at |least one integral |ouver, the corrugated sheet

contacts bonssimethioughbeeslest ophBaisheet. of adj acent |y | ayered fl at
sheets, the at least one tortuous fluid flow channel passing through
t he one corRlugahedrveeéflaimg or 18, wherein the sheets are layered to provide one

corrugated sheet between a pair of adjacently layered flat sheets.

22. The device of Claim 21, wherein the one corrugated sheet comprises the at least
one integral louver, the corrugated sheet contacts both flat sheets of the pair of
adjacently layered flat sheets, the at least one tortuous fluid flow channel passing

through the one corrugated sheet.
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