APPARATUS AND METHODS FOR FI LTRATI ON OF SOLI D PARTI CLES AND SEPARATI ON OF
LI QU D DROPLETS AND LI QUI D AERCSOLS FROM A GAS STREAM BACK GROUND 51 n the
oi | and gwe upasidam and downstream i ndustiry, m xtures etTgal0@mdods qui ds
and solid particles often require further treatnent. The fluids, gas and
solid particles, need to be separated in separate streans for processing or
transportation. The separation is done in several stages. Separation can be
achi eved by gravity, centrifugal forces, or by inertia. Once the bul k

separation has taken place, the fine 10 separation_and filtration of the
gas will takcARPARATUSAND METHODS FOR E'EMTABUr%Fﬁ%'PI?&RTWﬁﬁ%am Poor
separation a i i CROPIESE A \ \ j i es of
oi |l and gas ;g%'e)?géﬂ%gegf@%separ ellatqlgéﬁmaﬁgbﬁﬂﬁgf%lagsnﬁlﬁgﬁg?F@%%ggtrigg{ med
by coalescing filter elements. 15Conventionally, as illustrated in Figure
2, the coalescing filter elenments 6, 7, supported on a standpipe 12, wll
filter the sBAGK GROUND es and separate the liquid droplets and |iquid
aerosols fromthe gas , stream Wen,the ampunt of |igujd drpplets,qr.,solid
par i1 ol es 5 o Ige slend s Somteal areLarndrayt hofrioy dHierb PR A e e
upstream pre-3andidbfticled dft%ﬁqe&tﬂr@fufdl@ﬁﬂeﬁhﬁerﬁpﬂlu@?llﬁhﬂSgag lah8 €6lid particles,

Conventionally this separate pre-separator is installed in an upstream .
vessel, or i mdedaobaneparassitih sdpdrattheckafmsdor prodesspt araésanspbrtatien.ctad esci ng

filter elements and its supporting standpi pe. 25United S%gt es Patent No.
4,759, 782 di sepaagenis dang inseysry stages c1ePRIAton BUPEACPEVELPHE Y abl e of

removing liquid - # L . ' t wth
i gh ef fi ci ensyTTRa cre of b e @ BiEpdral ERRRORAERYTacE, HETHE, ¢
fibrous |@yersepantiod add itk &tich gfehebad wiltalbpldte ih.s2hldbetoredeputatdi fyrthaher e
t is the dynamc filmthickness of the aerosol in the gaseous stream the
fibers of theldwrstnenendiPaos saairativroand filtrptien By eangiderabivirepair therypauctfonom
about 0.1 to about f20 m'croge} ers, (b) a fibrous |ayer upstream of the
i nt er medi at e TEYeYOIPAANE2S 5Pe size greater than the intermediate |ayer,
and (c) a downstream fibrous |ayer having a pore size greater than the
internedi ate |ayer and wherein the critical surface energy of each | ayer of
the filter isTHeda® sepantibhand dittraem it eften parfofmedby toajescihafilter elpmants. he
aerosol . 15  Conventionally, as illustrated in Figure 2, the coalescing filter elements 6, 7,

supported on a standpipe 12, will filter the solid particles and separate the liquid

droplets-and liquid aerosols from the gas stream.

When the amount of liquid droplets or solid particles is too much for the coalescing
20 filter element to handle, an upstream pre-separator is used to offload the coalescing

filter. Conventionally this separate pre-separator is installed in an upstream vessel, :

or in the same vessel detached from and upstream of the coalescing filter elements

and its supporting standpipe.

25  United States Patent No. 4,759,782 discloses a coalescing filter which purports to be
capable of removing liquid aefosols (such as water and oil) from gaseous streams
with high efficiency. The filtér comprises three layers, (a) an intermediate fibrous
layer having a pore size of from about 1.25(t) to about 2(t), where t is the dynamic
film thickness of the aerosol in the gaseous stream, the fibers of the intermediate

30 fibrous layer having diameters ranging from about 0.1 to about 20 micrometers, (b) a



5 United States Patent Publication No. 2005/0000200 Al discl oses an axi al
fl ow dem sting cyclone for separation of a mxture of gas and liquid

i ncl udi ngwenoizlegdsif or gas containing |iguid droplets apdracomiobensfor
substantially dry gas, including a mainly cylindrical cyclone tube with at
| east one path of slots or perforations 10allow ng a part of the fluid,

i ncludi ng separated liquid, to flow out of the cyclone tube. The dem sting
cyclone also includes a swirl inducing device to set the entering fluid in
rotation. This swirl-inducing device is formed froma cascade of vanes
attached to Sbwwalayst ppsireasn ef thedptermedipte lapenhaving awrpresie sreptenthgn theni ch

extends towards th 1] o C I |

ongi  uci nal "ETReiat sy e e ERhERRR Hhus Ve HANGE s BEIEGe Bepitf,
trailing edgehanRRéAROAASIIGSIGIOGHRY whedain/thé Britichl Sirkideleéhel &) ofsRpRI3bi 6N
tangentially entering an outer the outer chanber of a first cycl one
separ at.or hothefitera leys thaonbegurfacedepsien ofthadinyidypplinaup she a¢rasdler of a
hori zontal drum This cyclone ternminates at an 20i nternediate partition
beyond whPch is a separation chanber for fine residual liquid droplets,

operating W gy Bk t%{ ﬂlﬁ%&@d N{).ijObgﬂ)_OOBQ@(f‘A@'BF%ﬁ)sE@aﬂ Bealfflowst cycl one

are defined by cylinder ereof the inner wall fornms a gas-only
connect i on bdemesing thitoieorcbgarhtos of  miuckarfigarand Pguid dndedihg awfrfietrfor

t echni ques which inprove |iquid separation efficiency in the first

separ at or ch&prantaining dovdedrepietcandarcett|ed for sybetaptialbodny gas.Haclh¢jingpendent

Gependent _or SRy SPApFERAIORE riie b el BT RITEC AL PEROIRRE, 1 1y
provi de 3gvehddwinl d'Paft SFRAE fluid, including separated liquid, to flow out of the cyclone
tube. The demisting cyclone also includes a swirl inducing device to set the entering
fluid in rotation. This swirl-inducing device is formed fro.m a cascade of vanes
attached to a concentric core body, preferably cylindrical in shape, which extends

towards the wall of the cyclone tube, the vanes being in the longitudinal direction of

15  the vanes from their leading edge to their trailing edge.

DE4000845 discloses a gas/liquid mixture for separation tangentially entering an
outer the outer chamber of a first cyclone separator horizontally mounted in a
preliminary separation chamber of a horizontal drum. This cyclone terminates at an
20 intermediate partition beyond which is a separation chamber for fine residual liquid
droplets, operating with a porous cylindrical filter. Both areas in the first cyclone are
defined by cylinder walls whereof the inner wall forms a gas-only connection
between the two chémbers. This document purports to offer techniques which -
improve liquid separation efficiency in thé first separator chamber.
25 |
SUMMARY
The invention is defined in thé independent claims. Some optional features of the

" invention are defined in the dependent claims.



benefits. For instance, where the cyclonic separator and the filter el enent
are provided within a vessel, where a shroud partitions the one or nore

sl ots or wenbhmwmiisons in the cyclonic separator from a @cy/sgasioxwoddase of
the vessel, this |eads 5to a very conpact and cost-effective, yet highly
efficient filtration and separation device, able to cope with high
concentrations of liquid droplets, |liquid aerosols and or high
concentrations of solid particles. Conpared to a single cyclonic
separator the described device provides substantially 10hi gher renoval
efficiencies lraplemetq\mtwrbnfdbﬁ Erahniqueg diseosast reseingmaneroyisle sevpral sigrifieantf rom a
gas flow. Inple t|on of t chni,ques _di h e|n are

ar ti cul ar | y BRa0 R 26 LB RrREEBE P Gl Seeeinen o Rt dferBifiase 1 ¢ e

el ement. Oo %\ﬁ&bd/w&mnea@smlﬁhérémakmaaﬁuéﬁéﬁ@ron@&mstdifroplescrIbed
devi ce can handle substantlally hi gher concentrations of liquid droplets

and |iquid aeededti®ns [Dudaetcaclohle sega:rlammfmnseﬂw gasoojundef deaessHi, thlsdpadd

dropl ets, the nunber %_gfi d d?f plets an uid gerosol sinthe g
stream wi Pl lS‘éarV%HLﬁS’EtPa&Y fhe 9Ctﬁ’§f wtdig \ée@'asenr “ratios %"Héeeefar'e%c. ng

filter el ema'&tewcé”%?% q;oialeg\ﬂm f“ rtc%ﬁ{ratlc{gs?tgbl eﬁﬁdrég%@s 'h fd%\é?gsg?sun'dc' ency

of the coal escin ter el enen a consi ssure rop over

t he coal esci bghfghlcbﬁdferﬁiaeiniaﬂbfsdhhlpahuﬂﬁl lead to a | ower overall pressure
drop. a larger allowable gas flow rate per coalescing filter elenment. 25Due
to the increased al l owabl e gas flow rate per coalescing filter elenent, a
reduced nunb cpal esciing fil.ter e.required t

e BT S S T el RSB Rl

10 hngher removal efficiencies of liquid droplets, liquid aerosols and solid partlcles from

a gas flow.

Implementation of the techniques disclosed herein are particularly adVaﬁtageous
when the filter element is a coalescing filter element. Compared with a single
15 coalescing filter element the described device can handle substantially higher
concentrations of liquid droplets and liquid aerosols. Due to the cyclonic separator,
the size of liquid droplets, the number of liquid droplets and liquid aerosols in the
gas stream will be reduced drastically before the gas reaches the coalescing filter
element. This ”offlbading effect” leads to: |
20 - an improved efficiency of the coalescing filtef element
- aconsiderable lower pressure drop over the coalescing filter element,
which can lead to a lower overall pressure drop.

- alarger allowable gas flow rate per coalescing filter element.

25 Due to the increased allowable gas flow rate per coalescing filter element, a reduced
number of coalescing filter elements will be required to handle a given gas flow rate,

hence a reduction in vessel diameter can be achieved.

Implementation of the techniques disclosed herein may lead to an overall vessel

30 height reduction. In at least one implementation, the standpipe of a filter element is



repl aced by a cyclonic separator or integrated with the cyclonic separator,
provi ding a considerabl e hei ght reduction conpared to conventional designs
where a pwe-20pgparsat or unit is detached f4om and upst r eaomsiGotodociosl esci ng
filter elenment. 5Inplenentation of the techniques disclosed herein may | ead
to consi derabl e saving on materials and wei ght conpared to the conventi onal
desi gns where a pre- separator unit is detached from and upstream of the
coal escing filter element. The devices as disclosed herein may also be used

in existing vessels for retrofit 10situations, |In case higher throughputs
(in liquid fleaceddyaaveionis sga@,rafcrrdwntasfétqdewﬁh theicystoni¢ S%ﬁ"?&?f'ﬂ‘i"ﬂ ng
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of 1iquids) fevice "¢ b East I"ed i n ting vessel

integrating ipRr&YELHDR FRBMedlfFAIm bAd Opsticiyh of the cab@aaﬁg AReodlembAt.
(coalescing) filter elenent, or repIaC|ng the standpipe with the cyclonic

separ at or and shroud. In many 15 of these retroflt appllcatlons there w | |
not be a ar.a

ot Lo o e ARG oh T 15 (echn B BRI e bEsip atpvige Lt CaneidsTameE Mhing, e
same vessel . o#ﬂa?&.%ﬂh%rﬁﬁar@&%ﬂ%@n@@nﬁ%l HBYEAY WREeW drb. NOW be

descri bed, by way of exanple only, and wth reference to the acconpanyi ng
drawi ngs i n sdpiacdtor dmigisrdetdchied feom ehdupdtrcanadf theevalekciag filtersdélempptar at us f or
filtration of solid particles and separati-on of liquid droplets and liquid
aerosols froma gas stream Figure 2 illustrates a conventional,

desi gn of 2 FRAUGRE NG o LIoL S nEIRIRAL J0BL LEANAL.ARNETRABIRAG, I U e 3

is an el evati Onal Wi éw o 1 on o soli

parti cl esp angruaepas. ahicase Righérd mudnighgu@mnatqsucaﬂ@bvl dstMbItdaP@isTRMN) Srd 1 om a gas
stream Figure 4 is an elevational view of a third apparatus for filtration
of solid parteauired onif@nxistinacroalescing flliequesselds opllraréoraing (dugtp doabigbsol s

froma gas str
9 concerqt]ratlons of liquids) the device can be easily installed in the eX|stlng vessel by

integrating the cyclone separator into, say, the standpipe of the (coalescing) filter

element, or replacing the standpipe with the cyclonic separator and shroud. In many
15 of these retfofit applications there will not be adequate space for a pre-separator

that is detached from and upstream of a coalescing filter element supported by a

standpipe, in the same vessel.

BRIEF DESCRIPTION OF DRAWINGS
20 The invention will now be described, by way of example only, and with reference to
the accompanying drawings in which:
Figure 1 is an elevational view of a first apparatus for filtration of solid particles and
separation of liquid droplets and liquid aerosols from a gas stream;
Figure 2 illustrateé a conventional design of a coalescing filter element positioned on
25 astandpipe - |
Figure 3 is an elevational view of a second apparatus for flltratlon of solid particles
and separation of liquid droplets and liquid aerosols from a gas stream
Figure 4 is an elevational view of a third apparatus for filtration of solid particles and j

separation of liquid droplets and liquid aerosols from a gas stream;



WO 2012/ 0642815PCT/ SG2010/ 000428 Figure 5 is an el evational view of a
fourth apparatus for filtration. of solid particles and separation of

l'i qui d drwpl2et2meaasd | i qui d aerosols from®& gas streanm PETSGRe0800428 an

el evational view of a fifth apparatus for filtration of solid particles and
separation of liquid droplets and |iquid aerosols froma gas stream Figure
7 is an elevational view of a sixth apparatus for filtration of solid
particles and separation of liquid droplets and liquid aerosols froma gas
stream Figure 8 Ls an el evatjanal .view of a seventh apparatus for
filtration of &Y6f %65 ad‘a"r'f"fagioé@, Ry °§@;§%‘f%’? ?E)??r?)tl'“_sl? y Vagaﬂe pelidepagtides i qui d
aerosol s fr o dsdhasatRin'F3Buidedtdplets an I!a Wﬁ(ﬁ'oa}l%ﬁ'o A g;!lns?f?eta'rrpnal view of an

ei ght h apparatus for filtration of so particles sepdrati on of

l'i qui d dropl &tgura6d dn eevalionat vewlos a fiftarappagass fot fikramon I 5olid phtideSGRE PTI ON
Turning first to Figure 1, a first apparatus for filtration of solid
particles antfPRERLORAfdarigfrgplets and linuid egspealsframe gasgtieamier osol s from a

g2 511 €8T Bl 1S 3o B SR 3pARE B8R R Shid b B O

stream A.” The~devi ce S I Sés a

exanpl e of Fidpratioh.of HqURIdrepRts ahdifuld adrBBICHBM L0iistas;f Or setting the
fluids in the gas streamin rotation about an axis of the device; a

cylindrical Ftigie 83sanelevarienalvienpofe wiventh appamusd for fitrativn ¢f solié perteewar at ed
20li qui ds and solids. w L b urged oyt of the cyclone separator; a
circular lip? ,segaﬁ%p{l@'f "81"grﬁﬁﬂﬁ"gf/&ﬂ"éﬂ',quldr?qrﬂ%"seé%’ﬁﬁ gasstrepryape 1, is a
coal escing fiff RlABA Lt L S . Sl t .core.
surrounded by gtélg('gl; gsagii ng |i0 ?e@é\kﬁég%}ge@f’th}ﬁgéaftgiﬁ%S@r%%é){sﬁrhgygﬁfcfeﬁg gas
t o bypasH) t hendsephesion g liflidtdeopletsemeniquiingbré Joey fedaresa3atienin. oni ng t he one

or nore slots or perforations of the cyclonic separator fromthe 25dry gas
outlet of the coalescing filter elenent (flow Q).

DETAILED DESCRIPTION

Turning first to Figure 1,a first apparatus for filtration of solid particles and

15 separation of liquid droplets and liquid aerosols from a gas stream is i"ustrated. The
apparatus comprises an inlet 1 for the gas stream A. The device also comprises a
cyclonic separator which, in the example of Figure 1, cbmprises: a swirl inducing
device 2 for setting the fluids in the gas stream in rotation about an axis of the
device; a cylindrical tube 3 with one or more slots or perforations 4 where separatéd

20 liquids and solids will be purged out of the cyclone separator; a circular lip 5; a filter
element which, in the example of Figure 1, is a coalescing filter element, comprising
of a perforated support core 6 surrounded by coalescing filter media 7; and a shroud
8 for preventing gas to bypass the coalescing filter element and therefore
partitioning the one or more slots or perforations of the cyclonic separator from the

25  dry gas outlet of the coalescing filter element (flow C).

In essence, Figure 1 illustrates apparatus for filtration of solid particles and
separation of liquid droplets and liquid aerosols from a gas stream A, the apparatus
being for installation in a vessel (not shown) and comprising: a cyclonié separator 2

2

30 3 for coarse filtration of solid particles and separation of liquid droplets and liquid



In essence, Figure 1 illustrates apparatus for filtration of solid
particles and separation of liquid droplets and |iquid aerosols froma gas
stream A, wohe12zppmiat us being for install@tion in a veseel/SGrat/oskasn) and
conprising: a cyclonic separator 2, 303 for coarse filtration of solid
particles and separation of liquid droplets and liquid aerosols fromthe
gas stream the cyclonic separator having one or nore slots or perforations
4. The apparatus al so conprises a filter elenent 6, 7 for fine filtration
of solid partlcles and s§arat|on of gui d droplets and |iquid aerosols

fromthe gas®¥esdaffPmitheigds siregp 'ihﬁéy?PP‘Fé?p%'PMﬁY'“BQ"ﬁrWQ?‘FQ'éd Ot recei pt
of the gas SP&#@& 8% 5.5Hel JppbFAIR AsHinBHEe SlAIAL clehfert X0l R e RRAGGT 8F - 2

shroud 8 partitions the on nore -s per forat) ohs roma. dry gas
vol unme (not sdhdm)'tlﬂés zirh:Ese\peSaiMn of liguidheosietsraplddiqaid ddrgsuiefrdm thielgher
elenment 6,7 is a coalescing filter element as will be understood by a

skil | ed per séiﬁeamkﬂ(k'@@ﬁ of the fdﬁﬁraﬂ'fl@‘?ﬂ‘?a% ?W@"&ﬂdrfghgﬁﬁ@ﬁpfﬂ’fq gasstreaMel enent 6,
71is a si el epen art i cul

speci fical | 8'd‘gecst!lyg:‘jcrnoe"?iathS Or%?/tl 3 %% aﬂ' Sse& 368? (EYe ‘ﬂé p%}qﬁ)ﬁérﬂf‘? PG %t i on,
solid partich@se 268 dr%%e&ufnrsqm&ha dri gésd,&l;rﬁ@mtlmo&vh?ofﬂhletv%gseimd' um

During coal escence, small droplets are nerged into |arger ones as they pass
t hrough several layers of filter nedia in the coal escer. These | arger

droplets are separated fromthe gas, streamby 15 aV|t In terms of-
per]l‘oorrrance 'stggréx?’PP'Fé%fﬂﬁb’é? @s@%’e!ﬁ%ﬁtg'saﬁ‘é’ @Blf epelemenspewilthit ur e
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separat or 1s capa et and so article captu e range of
5 - 10 2101 celement 6, 7 is a simple filter element, not havmg any particular properties

specifically designed to provide a coalescing function. During filtration, solid particles
are removed from the fluid stream by the filter medium. During coal‘escence, small
droplets are merged into larger ones as they pass through several layers 6f filter
media in the coalescer. These larger droplets are separated from the gas stream by

15  gravity.

In terms of performance, some filter/coalescer elements are capable of dropiet
capture of less than 0.1 micron and solid particle capture of 0.3 micron. A cyclone
separator is capable of droplet and solid particle capture in the range of 5 - 10

20  micron.

Provision of the shroud means that any gas which escapes through the one or more

slots or perforations 4 cannot bypass the (coalescing) filter element; any gas from

the gas stream of which most of the liquid droplets and solid particles have been -
25 separated by the cyclonic separator 2, 3 then passes to the downstream filter | »

element 6, 7, where the gas which has been further separated from liquid droplefs

and solid particles, exits the ﬁiter element as illustrated by Flow C in Figure 1 to the -

vessel internal volume. Thus, this volume of the vessel is considered to be a dry gas

volume of the vessel. Further, shroud 8 also serves to partition the one or more slots



Provi sion of the shroud neans that any gas which escapes through the one or
nore slots or perforations 4 cannot bypass the (coalescing) filter el enent;
any gas fwomvidwespas stream of which nost7of the |iquidpdrsoheinmoans solid
particles have been 25separated by the cyclonic separator 2, 3 then passes
to the dowmmstreamfilter elenent 6, 7, where the gas which has been further
separated fromliquid droplets and soI id particles, exits the filter

elenent as illustrated by Flow Cin Fi gure 1 to the vessel internal volune.
Thus, this volune of the vessel is consid ({j to be a dr\H/ gas vol ume of the
vessel . Furt RePerfesation? Bftilescdc'%'tc\?%%arﬁ?'%a? Bie IwgappetiehofiBee siots

or perforati f oni ¢ separator 2, 3 fromthe dry gas outlet of
t he coal esci g‘g”?‘f"él %eﬁr'ttelpﬁlew t. As menti oned above the shroud operates to
partition the one or nore slots or perforation in the cyclonic separator
fromthe dry gas volume of the vessel. In the exan‘RIe of Fi gure 1, the
shroud 8 corrﬁﬁ h@egomd a@mt@%@u%m&ra@étepam@ed £ ONS @Ff MSURAIOLHY cycl oni ¢
separ at or nthis ££xann t he ext el | cg of the
shroud su?roﬂﬁ %ra% ﬁ'@ CHF%%rSSp%rakﬁr ot e‘?’?"&f"%vc" f%‘ Vg#ﬁe?netff‘grrpl e of
Figure 1, Shwmpu@ohﬁgu?e fqhégmhuelcbmpwéd Mnlé;@érnﬁraﬁfatse%hgm&o shape in
10or der to be arranged in a concentric fashion around cylindrical tube 3 of
t he cycl oni cswepardahercyclomic abparntoaial leastgrartallyemathissexatripde, sheexterrmhy have a
rectangul ar or ot her cross-sectional] area. The substan {%all i ndrical
shroud 8 hass#facspf the shierd éﬁ"l’%‘l‘fgj’édh?BFePW‘PFng oLl ‘%%léhéb hSe of the

[ or coal CaeatE LPFBlFe £1snidlft €8 PhraR AT G Rdrd Efhct BEC forPerafle

st andpi pe. arf “openi ng m as 15vi ewe ure 1,

the reasom ferdess s@amhéedqamcanﬁamhtonfarramdmndnemese 8of the dytlghice 3.
In the exanple of Figure 1, the shroud has an external surface formed of a
sol i d mat eri stparatar.dm a&emn@t»ne@tra@gwmﬁgwﬁpudw *sa(ve@uecmgulne%otaﬁr
external surface urgther detaail
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outlet of the, Gye %&@ﬁi&%&ﬁ%ﬁp@éﬁﬁ@ﬁrtgﬁeosiésrc@pénb»hetn@oafhé &cRhicof the
coalescing filter "element. Wat this means is that there are no other

devi ces i nt esepadatat eheheheedd nnstandgiparShraud &ihas arhepevag esthertptionm aer
el enment. In one arrangenent the outl et of t he cyclonic ieparat r abut s _the

inlet of1% heV'@b’ﬁpé%E'BH"@ }ithe gasan ich will beqerigeaPPare™ iscusgied Phn of

Figure 3. In the example of Figure 1, the shroud has an external surface formed of a
solid material. In an alternative arrangement,, the shroud may have an external

surface formed of a porous material, discussed in further detail below.

20  Animportant feature of the apparatus of Figure 1 is that a gas outlet of the cyclonic
separator discharges directly to an inlet of the coalescing filter element. What this
means is that there are no other devices intermediate the cyclonic separator and the-
coalescing filter element. In one arrangement the outlet of the cyclonic separafor
abuts the inlet of the coalescing filter element. In another arrangement a section of

25 pipe/conduit is dispdsed between the cyclonic eepafator and the coa.lescivng filter |
element, for flow of the gas stream "directly” ffom the cyclonic separator to the'
coalescing filter element. However, in essence, the floor of the gas stream is directly
from the cyclonic separator to the coalescing filter element, in the absence of an
intermediate device.

30



25pi pe/conduit is disposed between the cyclonic separator and the
coalescing filter elenent, for flow of the gas stream"directly"” fromthe
cycl oni c weparmals@rsit o the coal escing filt&r el enent. HowevsG2oiomoelsence,
the floor of the gas streamis directly fromthe cyclonic separator to the
coal escing filter elenent, in the absence of an internedi ate device. WO
2012/ 064281PCT/ SG010/ 000428 The cyclonic separator conprises a swrl

i nduci ng devi ce 2 that set the fluids in the gas streamin rotation, a
cylindrical t, one or lgore slots or gsrforatlons 4 are

provi ded. As' e tc OGHé&pa%aé‘bra?é‘t%ftfeF P dicigeslsricas thpy set see fuidgintheut of
the cyclone %ﬁ@ﬁreﬁﬁnqh rBﬁ"tBHQQq}IJﬂ@nQﬂ% 3 TR WY Sndbr RS %85@;{ yons 4. The

f|UIdf|OW( enter the cycl one separator aX|a at the|nIet

1. Alternati pre}'fqratudms 4 hnel p]‘oanedv Asafiegitvned, iép@raﬁwh@tﬁies S6P 36 1tfs il be
tangentially. Wth this tangenti al de5|gn, one or a nunber of inlets wll
be positi oneﬂ"ﬁ&‘i‘t@@rﬁftaﬁ cyclone %9(?@'%9(:'1%%*15@9&"&0@#“@@ stataior perordtioms 4.he

gas stre cyly tube 3 enter curved inner
surface ?fﬂ :ﬂ% ﬂ?.&’gﬁi"“’y@b@ﬂ iy tPr? Ry °£35§Wrraf‘?rnad° %ﬂtt%?) NS dr ound t he
axis of a CYAlté’tﬁéﬂnﬁ‘eN tHelifd Bowl@h ehft® tﬁ@é’%fdnlé%gp%’l’drqgn&ﬁtﬁlly NRitpthigl 1 nl et
1 a swrl inducing device 2 will create a swirling f owpattern|n3|deth
cycl one sepa@agential ¢mgrswnelor|amdmhengf oMars will e poritiorstidstangéntiily anhd wit h

curved sw rIinI bl ades. These & force the fluids into a 15rotation,
wher eby t he Wégt)f-‘étpaﬁa"r‘t’§°(httcf '”d B BRETtEean) £ofgrine she eé'aﬁecartub%%remr

particles) figidthe chh&‘d'uﬁlnér suPfatd %&1 é’ﬁ}'\%igcarl)gﬂ#e' f#o?r?u vﬁrlfnnner Syr f ace. of

the cylindrical cyclone tube 3. parott‘o((,'l es wll
be purged owtrowid theaaxisyaflaaybndréqabtubed. via the 20 one or nore slots or
perforations 4, as illustrated with the arrows showng flow B. A circul ar
lip 5 will prevent the remaining film(if any) which forms on the inner
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swirling flow pattern inside the cyclone separator. The swirl inducing device 2
consists out of a hub with curved swirling blades. These blades force the fluids into a
15  rotation, whereby the heavier parts (liqu‘id‘ droplets, liquid aerosols and solid
particles) form a liquid film with solid particles on the inner surface of the cYIindrical

cyclone tube 3.

This liquid film with solid particles will be purged out of the cyclone separator via the

20  one or more slots or perforations 4, as illustrated with the arrows showing flow B. A ‘
circular lip 5 will prevent the remaining film (if any) which forms on the inner surface
of cylindrical cyclone tube 3 from travelling further to the outlet of the cyctone

separator 3 to an inlet of the coalescing filter element.

25  After passing through the cyclonic separator 2, 3 gas in the gas stream can be
considered to be "nearly dry" invthat a significant number of liquid droplets and
liquid aerosols will already ha\te been separated by the course location of the
cyclonic separator. The nearly dry and cleaned gas will reach the coalescing filter-
element, which, in the example of Figure 1, comprises of a perforated éupport core 6 -

30 surrounded by coalescing filter media 7. Within the coalescing media, further liquid



25After passing through the cyclonic separator 2, 3 gas in the gas stream
can be considered to be "nearly dry" in that a significant nunber of |iquid
dr opl et s woaolZoguisd aer osols will already9have been sepacatsedofoyoddrge course
| ocation of the cyclonic separator. The nearly dry and cl eaned gas w ||
reach the coalescing filter elenment, which, in the exanple of Figure 1,
conprises of a perforated support core 6 30surrounded by coal escing filter
media 7. Wthin the coalescing nedia, further liquid droplets, liquid
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prevents ‘gas assi ng t a escl ter elenment and part| t| ons
t he one or meesahote&rmenmm;ou‘rﬁtarm lthfstltahﬁgu‘,lyiwi@nl c separator fromthe
dry gas outlet of the coalescing filter elenent, and the dry gas vol une of
the vessel. For the shroud design there are several options. 10 The shroud
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fromthe gas streamacts in concert with shroud 8 to partition the one or
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vol une of the vessﬁg.&# The shroud 8 can create an internal vessel vol une
partitioned fe5He geﬁ%&thﬁfﬁ P'@tsetﬂ?raﬁ%“’d’éal escing filter element. The
shroud is consisting out of. a vertical part surrounding part of the cyclone
separator and a horizontal part extended to the vessel wall 9. Thus, the
shroud i si0ar riegRebuidcE cantsdvalal shtdurhopininy subtrieegatisclew the ligeitiilae! ZB)anence
internal volume of the shroud partitioned fromthe_dry gas volune of the
vessel. Int mrgveéwaerg{aeto tmsgﬁwd@aieég@g Hiterelemget. Abis G\ﬁis'gﬂ it fewpda Sigurenal |
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separ at or . T%ﬁc&?ﬁﬁtﬁ%ht&:cﬁé‘%rﬂﬂoﬁ LSRR - méfe slots or perforations of the
cyclonic separator 3 from the dry gas volume of the vessel.
15
The shroud 8 can create an internal vessel volume partitioned from the dry gas
outlet of the coalescing filter element. The shroud is consisting out of a vertical part
surrounding part of the cyclone separator and a horizontal part extended to the
vessel wall 9. Thus) the shroud is arranged for installation within the ves‘sel to define
20  aninternal volume of the shroud partitioned from the dry gas volume of the vessel.
In this example, the shroud operates together with the vessel wall to define the |
internal volume of the shroud. The internal volume contains a drain 10 to drain the
separated liquids arstd solids from the cyclone separator. This design is shown en
figure 4. |
25
The shroud 8 can create an mtemal vessel volume partitioned from the dry gas-
outlet of the coalescing filter element. The shroud is consustmg out of a honzontal
part extended to the vessel wall 9. The internal volume contains a drain 10 to drain
the separated liquids and solids from the cyclone separator. This design is shown on

30 figure 5.



The shroud 8 can create an internal vessel volunme partitioned fromthe dry
gas outlet of the coalescing filter elenment. The shroud is consisting out
of a horiwonvelospmnt extended to the vessal wall 9. Theprcmisero@loomas une
contains a drain 10 to drain the separated |iquids and solids fromthe
cyclone separator. This design is shown on 30figure 5. The shroud 8 can
create an internal volune partitioned fromthe dry gas outlet of the

coal escing filter elenent. The internal volume conpartnent contains a drain
10 to drain the separated |iquids and solids fromthe cycl one separator.
The shroud 5containing the .internal volune is installed on top of a support

plate 11. Th'TﬁeQﬁ%ug%éa%c?‘@ﬂ%n(?&emagU@ﬁ aWorﬁJ?llrquI fearALR | et B

i nternal vol une can contaln the gas -an arat soI ids from

one or a pl urhé tdaeﬁfngdytﬂr@mmaﬂpahammal \/Tinﬁnshompdrt&eemaomraeataairam 10
internal volune partitioned fromthe dry gas outlet of 10the coal escing
filter el enefedrajmghe smp@ra’ﬁaqi ligwrsard sdidp foribstcyelone aerratordihe shreadt o
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anywhere between the bottomand the top of the shroud. The shroud
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and solids fromone or a plurality of cyclone separators. As noted above,
the shroud 8 may corrpri se of an external surface fornmed of a porous

material 14. rfbi r& 8ﬁ&é§ PBIEBhAte 't'l:&upi% 5{1 aHifiGHed Fothane QFy %ﬁ%‘?@%fﬂg

filter 20medi a. at may exit t eccl e separator via e one or nore
sl ots or 1per ft¢ eddl€sRmgsiltar Lelenimntl matnednbyvdhhhs ccmpba&mnmgofﬁualﬁsardrﬁradjoa

Solid particles wll be
to drain the separated liquids and solids from the cyclone separator. The shroud
containing the internal volume is installed below a support plate 11. This design is
shown on figure 7. The support plate can also support anywhere bétWeén the
bottom and the top of the shroud. The shroud containing the internal volume can

15  contain the gas and separated liquids and solids from one or a plurality of cyclone

separators.

As noted above, the shroud 8 may comprise of an external surface formed of a .
porous material 14. This porous material could be filter media, .or coalescing filter

20 media. Gas that may exit the cyclone separator via the one or more slots or
perforationé 4 will be treated by this coalescing filter media. Solid particles will be
filtered and liquid droplets and aerosols will be coalesced and separated. This
coalescing filter media requires a higher inertial resistance compared to the top
coalescing filter element in order to minimise the amount of gas exiting the cyclone

25  separator via one or more slots or perforations. This porous material could be
extended up to the coalescing filter elemenf. These designs are shown on figuré 8
and figure 9. When the shroud comprises of such a pofous material, it will still
partition the one or more slots or perforations from the dry gas volume of the vessel
to a certain degreé.
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filtered and liquid droplets and aerosols will be coal esced and separ at ed.
This coalescing filter media requires a higher inertial resistance conpared
to the topoeosdwsming filter el ement in ander to mni M peTiSceo@WOXLNE of gas
exiting the cyclone 25separator via one or nore slots or perforations. This
porous material could be extended up to the coalescing filter elenent.
These designs are shown on figure 8 and figure 9. Wen the shroud conprises
of such a porous material, it will still partition the one or nore slots or
perforations fromthe dry gas vol une of tqﬁﬁves certaln degr ee.
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side outlet nozzle. 5 In all of the exanpl es above, the cyclonic separator
and the filt bottemafthe vesse! aficapdeave thevesselata a gde Ogtlefsfmiééanti ally vertical
orientation. O her arrangenents, although not illustrated, are

cont enpl ated. For instance, it may be that only one of t he cyclonic

separ at or anﬁ 3N thé le&a% el 855V thecydionRQapSrakdY methtbr s@lmém are
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anot her techni que.
15 element.

The coalescing filter element is removable and can be easily replaced by spare

coalescing filter elements.

20 it will be appreciated that the invention has been described by way of example only.
Various modifications may be made to the techniques described herein without
departing from the spirit and scope of the appended claims. The disclosed v
techniques comprise technigues which may be provided in a stand-alone manner, or
in combination with one another. Therefore, features described with respect to one

25 technique may also be presented in combination with another technique.



CLAI M5 1. An apparatus for filtration of solid particles and separation of
liquid-droplets and liquid aerosols froma gas stream the apparatus

bei ng forwonstxalchmti on in a vessel 5and conpri sing: PCT/S&2CpOhoINS C
separator for coarse filtration of solid particles and separation of liquid
droplets and liquid aerosols fromthe gas stream the cyclonic separator
havi ng one or nore slots or perforations; a filter elenent for fine
filtration of solid particles and separation of |iquid 10dropl ets and
liquid aerosols fromthe gas stream an inlet of the filter el ement being
for receipt FWAIM& gas streamdirectly froma gas outlet of the cyclonic
separator; .- and - a shroud for partitioning the one or nore slots or
perforations froma dry gas-volune of the vessel. 152. The apparatus of
claim1, whergin tAieadgakrdtas foH fRIVBIGn bfSsofid ﬁﬁﬁtlc%%%hﬂge&éﬂatieﬁ otli@i@dteplets. The
apparatus of claim1 or claim2, wherein the shroud has a shroud opening

f or submner si amdbiguisheenodolsfnom d gasstreampthesppitatusibeing farinstallatiomin prvessetli ng
claim vvh%rei n the shroud is arranged for installation within the vessel to
defi ne an?i nt@AF8MASEe of the shroud partitioned fromthe dry gas vol une
of the vessel. 25 ' i : I ses a
drain for draini ng‘n&? '%l“?%?ééﬁﬁﬁg“ggﬂmégggpﬁ‘g@ ‘{‘%rrgﬂﬁ %EH %régmm by

t he cycl oni c ligeiadraplets and liquid aerosols from the gas stream, the cyclonic separator having

one or more slots or perforations; - .
a filter element for fine filtration of solid particles and separation of liquid
10 droblets and liquid aerosols from the gas stream, an inlet of the filter element being
for receipt of the gas stream directly from a gas outlet of the cyclonic separator; and
a shroud for partitioning the one or more slots or perforations from a dry gas

volume of the vessel,

15 2. The apparatus of claim 1, wherein the filter element is a coale'scing filter
element.
3. The apparatus of claim 1 or claim 2, wherein the shroud has a shroud

opening for submersion below a liquid level.

20
;8 The épparat’us of any preceding claim, wherein the shroud is arranged for
installation within the vessel to define an internal volume of the shroud partitioned
from the dry gas volume of the vessel.

25 5. The apparatus of claim 4, wherein the shroud comprises a drain for draining -

of liquid having been separated from the gas stream by the cyclonic separator.

6. The apparatus of any preceding ciaim, wherein at least one of the cyclonic
separator and the filter element are disposed in a horizontal or subsfantially

30 horizontal orientation.



6. The apparatus of any preceding claim wherein at |east one of the
cyclonic separator and the filter elenent are disposed in a

hori zont avoeoizushsianti al | y 30hori zontal 18ri entation. PcTihe2eppasas us of
any of clains 1 to 5 wherein at |east one of the cyclonic separator and
the filter element are disposed in a vertical or substantially vertical
orientation. 5 8. The apparatus of any preceding claim wherein the shroud

conprises an external surface formed of a solid material. 9. The apparatus
of any of clainms 1 to 7, wherein the shroud conprises an 10external surface
formed of a porous material. 10. A vessel for filtration of solid

part i cles ang SePH@LARaql of YL AORIESS AR beihe: GRIAAL B ddrhen 2 das

a separati-on apparatus I nstal erein, the

separation amafa&bummmlteeler@nenlaae dl‘jﬁdséﬂllﬂaSéﬂ&b%fofubfsﬁhtlﬁnl,w&ﬂcal
filtration of solid particles and separation of liquid droplets and liquid
aerosol s froeniertatigas stream the cyclonic separator having one or nore
slots or 3oerforati ons; afilter element for fine filtration of solid
particles’ and separation of liquid droplets and |iquid aerosols fromthe

gas stream gn | njﬂ?é a;ﬁfar&t@@ of bhy Wec@dnﬁ@@gﬁn Wé?gln%gégﬁmg%n{d?lséﬁﬁﬁ' ve the

gas streamdirectly froma gas outlet of the cyclonic separator; and
a shroud f oreypammial $urfmerﬁgrnhéréofoamhdrmatenﬂ. slots or perforations froma dry
gas vol une of the vessel.

9. The apparatus of any of claims 1 to 7, wherein the shreud comprise‘s an

10  external surface formed of a porous material.

10. A vessel for filtration of solid particles and separation of liquid droplets and
liquid aerosols from a gas stream, the vessel having a separation appai’atﬁs installed
therein, the separation apparatus comprising:

15 a cyelonic separator for coarse fil_trétion of solid particles and Separation of -
liquid droplets and liquid aerosols from the gas stream, the cyclonic separafor having
one or more slots or perforations;

a filter element for fine filtration of solid particles and separatlon of liquid
droplets and liquid aerosols from the gas stream an inlet of the filter element bemg :

20 arranged to receive the gas stream directly from agas outlet of the cyclomc
separator; and |

a shroud for partitioning the one or more slots or perforations from a dry gas

volume of the vessel.

25 11. A method of filtering solid particles and separating liquid droblets and liquid
aerosols from a gas stream in a vessel, the method comprising:
effecting coarse flltratlon of solid partlcles and separation of liquid droplets
and liquid aerosols from the gas stream, using a cyclonic separator having one or :

more slots or perforations;



2511. A nethod of filtering solid particles and separating |liquid droplets
and liquid aerosols froma gas streamin a vessel, the nmethod conpri sing:

ef f ecti ngvoearme4fsil trati on of solid parga cl es and sepawratrisgnowioods2gui d
droplets and liquid aerosols fromthe gas stream using a cyclonic
separator having one or nore slots or perforations; effecting fine
filtration of solid particles and separation of liquid droplets and liquid
aerosols fromthe gas streamusing a filter elenent, an inlet of the filter
el ement receiving the gas streamdirectly froma gas out]et of the cyclonic
separator; and 5pifactiog Hne fifratios selidparkgiesard sraration e iagididiogiats atbm a

dry gas .vo,I “%d%fer&sgﬁs S ‘?ﬁé gw sttnea?ﬂ Eﬁrfgoéjﬁher element, an inlet of the filter

element receiving the gas stream directly from a gas outlet of the cyclonic separator;
and
.5 partitioning the one or more slots or perforations from a dry gas volume of

the vessel with a shroud.



