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BACKGROUND

Field of the Invention

[0003] The invention relates generally to analysis of sampled fluids. More particularly, the
invention relates to conditioning a sampled hydrocarbon fluid for prior to downstream analysis.

Background of the Technology

[0004] In the hydrocarbon processing industry, analytical instrumentation is employed at
various stages of processing to analyze the chemical composition of the fluids being processed.
Typically, the instrumentation analyzes a small sample taken from a hydrocarbon fluid stream
undergoing processing. However, prior to introducing the sample to the analytical
instrumentation, the sample must be "conditioned" to remove contaminates that may otherwise
damage to the instrumentation and/or undesirably skew the analytical results such as product
yield results (i.e., desired product volume produced per unit time). In some cases, plant
operations may over-react or under-react to the inaccurate results, potentially leading to higher
operating cost.

[0005] Referring now to Figure 1, a conventional system 10 for sampling a decoke or green oil
fluid stream 15 during hydrocarbon cracking or pyrolysis operations is schematically shown.
System 10 includes a fluid conditioner 20 and analytical equipment 30 downstream from
conditioner 20. The bulk decoke or green oil (recycle gas) fluid stream 15 is sampled and
analyzed to provide insight into the cracking processing. For example, bulk decoke fluid
stream 15 may be sampled and analyzed to determine the yield of a desired product (e.g.,
volume of ethylenc or propylenc being produced by the cracking process per unit time).

[0006] As shown in Figure 1, a sample 16 is pulled from the bulk decoke fluid stream 15.
When sample 16 is initially pulled from the process fluid stream 15, it typically comprises a
mixture of a gas 17 to be analyzed and undesirable contaminants 18 such as water and/or
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[ 0003] The invention relates generally to analysis of sanpled fluids. Mre
particularly, the invention relates to conditioning a sanpled hydrocarbon
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sleeve, an annulus radially disposed between the insulating sleeve and the conduit, and a

plurality of separator members disposed within the conduit. The conduit includes an inlet and
an outlet and is radially spaced apart from the insulating sleeve. Further, the annulus has an
inlet. Further, the method comprises (¢) flowing the unconditioned fluid sample through the
inlet of the conduit. Still further, the method comprises (d) flowing a cooling fluid through the
inlet of the annulus. Moreover, the method comprises () separating a contaminant fluid from
the unconditioned fluid sample in the separator assembly to produce a conditioned sample

fluid. In addition, the method comprises (f) flowing the conditioned fluid through the outlet of
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cr oss- glesariptingl and by uelofringtie the agtempanymgatrovings. Fi gure 2; [0018] Figure 4 is
a cross-sectional view of the upper end of the fluid separator of Figure 2;
[0019] Figure 5 is a cross-sectional view of the |lower end of the fluid

separator of Figure 2BRIGIZOESERIFTEON OF 13K DIAWIRGS onal view of an
internedi ate portion of the fluid separator of Figure 2; [0021] Figure 7 is
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[0015] Figure 1 is a schematic view of a conventional system for sampling a hydrocarbon

fluid stream,;

[0016] Figure 2 is a partial cross-sectional schematic view of an embodiment of fluid
sampling system in accordance with the principles described herein;

[0017] Figure 3 is a partial cross-sectional view of the fluid separator of Figure 2;

[0018] Figure 4 is a cross-sectional view of the upper end of the fluid separator of Figure 2;
[0019] Figure 5 is a cross-sectional view of the lower end of the fluid separator of Figure 2;
[0020] Figure 6 is a cross-sectional view of an intermediate portion of the fluid separator of
Figure 2;

[0021] Figure 7 is a cross-sectional view of the separator assembly of Figure 3;

[0022] Figure 8 is a top view of a plate of the fluid separator of Figure 3;

[0023] Figure 9 is a cross-sectional view of the plate of Figure 8 taken along section 8-8 of
Figure 8;

[0024] Figure 10 is a top view of a baffle of the fluid separator of Figure 3;

[0025] Figure 11 is a cross-sectional view of the baffle of Figure 10 taken along section 10-
10 of Figure 9;

[0026] Figure 12 is a top view of a separator member of the fluid separator of Figure 3;

[0027] Figure 13 is a cross-sectional view of the separator member of Figure 12 taken along
section 12-12 of Figure 12;

[0028] Figure 14 is an enlarged top view of the upper gasket of Figure 5; and

[0029] Figure 15 is an enlarged top view of the lower gasket of Figure 5.



[0023] Figure 9 is a cross-sectional view of the plate of Figure 8 taken
al ong section 8-8 of Figure 8; [0024] Figure 10 is a top view of a baffle
of the flwodosaparat or of Figure 3; [0025] Figure 11 ispeTwsesi3/smsesi onal
view of the baffle of Figure 10 taken al ong section 10- 10 of Figure 9;
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14 is an enlarged top view of the upper gasket of Figure 5; and [0029
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2011/ 09%aid Pgﬁ@%%ﬂé&? 6P 6therwise used, as limiting the scope of the disclosure, including

the claims. In addition, one skilled in the art will understand that the following description has
broad application, and the discussion of any embodiment is meant only to be exemplary of that
embodiment, and not intended to intimate that the scope of the disclosure, including the claims,
1s limited to that embodiment.

[0031] Certain terms are used throughout the following description and claims to refer to
particular features or components. As one skilled in the art will appreciate, different persons
may refer to the same feature or component by different names. This document does not intend
to distinguish between components or features that differ in name but not function. The
drawing figures are not necessarily to scale. Certain features and components herein may be
shown exaggerated in scale or in somewhat schematic form and some details of conventional
elements may not be shown in interest of clarity and conciseness.

[0032] In the following discussion and in the claims, the terms "including" and "comprising"
are used in an open-ended fashion, and thus should be interpreted to mean "including, but not
limited to... ." Also, the term "couple" or "couples" is intended to mean either an indirect or
direct connection. Thus, if a first device couples to a second device, that connection may be
through a direct connection, or through an indirect connection via other devices, components,
and connections. In addition, as used herein, the terms "axial" and "axially" generally mean along
or parallel to a central axis (e.g., central axis of a body or a port), while the terms "radial" and
"radially" generally mean perpendicular to the central axis. For instance, an axial distance refers to
a distance measured along or parallel to the central axis, and a radial distance means a distance
measured perpendicular to the central axis.

[0033] Referring now to Figure 2, an embodiment of a fluid sampling system 100 is
schematically shown. System 100 includes a fluid separator 200 and a sample monitoring
and control system 300 coupled to separator 200. In Figure 2, fluid separator 200 is ShOWil in
front view and sample monitoring and control system 300 is shown in a schematic partial
cross-sectional view.

[0034] In general, fluid separator 200 separates a raw or unconditioned fluid sample 101
taken from a hydrocarbon or chemical processing operation into contaminants 102 and a
conditioned fluid sample 103 (i.e., a fluid sample that is substantially free of contaminants

that may foul and/or damage downstream equipment), which is passed to downstream
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DETAI LED DESCRI PTI ON OF SOVE- OF THE PREFERRED EMBODI MENTS [ 0030] The
follow ng discussion is directed to various enbodi nents of the invention.
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central axis, [0033{ Referring now to Figure 2, an enbodinment of a fluid
sanpl i r?@lr‘é’ifs Ui ypoilly commispm indixiurg of igediaminapls Bish RSOV teG relateely beri d
separ at ‘2 S i L L contr t pl o]
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S conditioned fluid sample 103 comprises a mixture of the relatively light hydrocarbons as well
as small amounts of other non-contaminating fluids that do not foul or damage downstream
hardware. Thus, fluid separator 200 receives unconditioned decoke fluid sample (i.e.,
unconditioned fluid sample 101), separates water, relatively heavy hydrocarbons, and
particulate matter (i.c., contaminants 102) from the unconditioned decoke fluid sample, and
outputs a mixture of the relatively light hydrocarbons and small amount of other non-
contaminating fluids (i.e., conditioned fluid sample 103). Once separated, contaminants 102
are allowed to flow back into the bulk decoke fluid stream. Due to the elevated temperature
of the bulk decoke fluid stream, the unconditioned fluid sample 101 is typically a relatively
hot gas with some suspended particulate matter. As will be described in more detail below,

during conditioning with separator 200, unconditioned fluid sample 101 is cooled, and as a

result, gaseous contaminants 102 such as water and relatively heavy hydrocarbons phase
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amounts of other non-contam nating fluids that do not foul or damage
downst seanlehidr dwair asidititm Sluid $eprrta SPfriatlodes20tdiadlyedwesinsiatorgiiledverd @
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m xture of the relatively |ight h%grqcarbons and smal | anmount of other
non- cort aspinsidepigwith axig LOf jané exteadmaiallobriwedn aifiest vanppe end )l 0a prpzémal

separa N r | f kK _in th ul.k decoke
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gas with some suspended particulate matter, As will be described in nore
det ai | PE@CRHCUlAUG B 2bhdRaWYES il arperAl despisdlating slopve @ricoriervei JRaay] ui d
sanpl e | } I L am such as
wator LA lyEufAl Bk ARH0RT ok TE, tonaE R B G RIARLAR A, 383,
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separa 0. Althou nconditioned fluid s le 101 is cool ed. and
gageoué8é6ﬁgéWﬁﬂéﬁ?@“%gQE§@ﬁﬁga%%“6§¥mﬂﬂy??QUSGBY%?H? BATIDRFOREYS R219i d
sanpl e {13 [RAR} Bfndhd @ﬁtier AldAR Rzﬁ(gf)tl“ SphRTast S D %Fl%ufe[‘ﬁn THR, sleeve

uncondi tioned fluid sanple 101. oW ng condi tioning w separator 200,
t he cogddf i wdadyfspaded fgampisemb32 it phear¢tbonddiieinpassiestlaovgainubamr tchamber

anal yti,cal i pnent.. to determ ne, the ethylen nd/,or propyl ene .yi el ds
duri ng 20 e ERSLETREe by Br e EHCo w2 et A B i D SreBoipb s ply Hebrsen
uncondichdoMied, 210H. dn 28MBLE, sl&e DO RIAMLS 8 Pale QP dirbilRRAMIERYRRed OFbnings
separator 200 offers the potential to reduce fouling and/or danage to
downst Péamispesefval Eebsaneo axighpasities piodmal opss]enBe War | hy thiownbodimapyr es 2
and 3, | a r. Longi tudinal axi s 205
extendggéﬁ#gi?59%5%&@%ﬁ%Qpr%%F%gﬁﬁpgégia@ﬁha émgh%ﬂg g%g%ﬁ@agpg ger end
200b. lertehéd sidiitpakiongintleeRaZll0 t6atkuliihg, chhmbaniio, s&bthas g bpétngd b Bwge 202,
203, respectively. Lower flanqe 202 cquples fluid separator 200 to ot her

devi ce® flughepmmupication wihdosHiting chegiber dhed Apwtlt badewribed pamare detgo
| ati e f ] ow it | i ; f
203" coutlu difie gheltigh AtARADE a%%gﬁ?%%rﬂ“a%ﬁ?é%s bl et 2B i ipPLo°

posi ti oned downstream of fluid separat'or 200 relative to the flow of
unconditioned fluid sanple 101. In addition, fluid separator 200 includes a
radially outer insulating sleeve 210 and a radially inner separator
assenbly 230 coaxially disposed within sleeve 210. [0037] Referring nowto
Figures 3-5, insulating sleeve 210 has a central or |ongitudinal axis




215 coincident with axis 205 and extends axially between a first or upper
end 210a proxi mal upper flange 203 and a second or | ower end 210b proxi mal

| ower fl awmgeo2@@712kn thi s enbodi ment, insul ating sl eevepreti@sesi1a2isebul ar
having a cylindrical cross-section in a plane perpendlcular to axis 215,
howeve rmsdlﬁl %e&ﬁﬁﬁler 214e do ?égh@étgn daci gg?eYﬁ?n £r 391na 356 DY e el tIB¥rel Xse any
sui tabl'eé cross-secti onal e, rec angular, triangu

oval , emonktZLD@Bﬁﬁmhszbést shown in Flgures 3 and 4, sl eeve 210 is aX|aIIy

t d bet fl 202, 2 d i 1y, di d t
Pesenb! P9agkh dhaduLs Sl GTh S GirordmuthinaruEs i boppKiatal Keogy e 8104 Rith ¢ ne
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radially spaced from assenbly 230, theréby defining an insulating annul us
or charfssamtgy 83@><d11ér$dalnglyr eriagds| tize blindeienl isherevuda@ld innwihtingskaeie §12361 and
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posi ti opitiph @xiiled 2 LPRen Rving hfially bpwhidi ts 1eITRQGTIE BbtweBP appd @5d 215 ke
uni formy spaced about 180 apart about axis 215. Each opening 213 extends

radi al 14pPeHilanggRO3| eeve 210 to insul ati ng chamber 216, and thus, each
i 3 16, . il
o 10y Sy RO AL B FRTARE By, 1

fluid ftbenengdgedogh HapRi200s Ritldr dlothel BﬁcDZWB 205100 210 22 RGIN YIS0 42 824
i nsul atj ng chanber 216. Conseq uentlgj each opening 213 may al so be referred
to her dfg é@ngﬁﬂ% |ﬂaftreb2/1@ef@fngaﬂhw nylar zep 214 O@I’slgippﬂn(’faﬁlﬁhﬁlﬁwl% arkep2i74 g
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i nlet s%g‘il\é& §egég§1 agi%yegé?%%%s | al F %g gﬁ%ll ﬁéu g??ng%egez\% 'l\ﬁglnd
separaﬂowaaa@éhbbymaaﬁmnym&n&agmuhglyxﬁmgggﬁstlﬁh1eykmh¢spmzdbdnweqmmurface
of |nsul sl eeve 210 and the ndc.ical surface of separator
assenm%ﬁs (b7 a0 S a2 TP VEED brdiben WRTRE SRR 20 216
from f1.ow Rgagok aalséemypvz@od A9 b%EteSHoWnefn rR &, Ve il AR i RehiAL0 dt@lnd
upper flange 203. [0040] As best shown in Figurés 3 and 5, |ower "end 210b
of sl eeybndrical sm@@e nbuprex geshdt Waabalmgt}oengag@t@a@élaﬂlgmrer tylanigieal208face
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chanber 216 proximal |ower end 210b and axially above gap 214. Lower gasket
217b i SuERseabl yorepdedet BEToinchigper r@@rgkteft ofpdireaimiespetialacacednigressesgiiSret

2i7a, RSO Sl AT, LU0 A0 S0 Uy

cyli ndrtb a¢lad loswer badeeeff dagen 1 paskethe? 1tha ré?di@'ily agérysuef g g owled gasl@dlz gy y
i nner cyllndrlcal surface of s|eeve 210, and _the radlalléﬂlnner cyllndrlcal

sur f acéngpdes gplvralitysadeireombsenialy ispagieq resseras @55k Isachy tgersa Rl §b exiend axially
cylind nner
ot f aca SREh B LT Hork RapRb Ay RO2 IR STy HRUPBlor sl bEBRL b
spaced R®e$3$é38a218a1efmacdx1aleﬂe\83pe&§ms @d@e,nﬁ; m@peoavalyl, yint gusknlg IQIQQ,sk,et
217a from the upper surfac gaske 17a to . the | qwer urfa e sket
T17a. | FORCHORY L v st 51 Gubare SuRHASEmSRIGER "Gidre A barRer 2

pl ural iy aﬁﬁuw% Elmerrﬁaé @b by gq&ﬁgf& doRfRFIEEoR WM ms%«?acfia gleRR6e 24680

extend axially rou asket 217b from the upper surface -of gasket 217a to
t he | ovilow pamssdges €164, ‘tgaélse’tlllzbwd:ﬁscMeB sege 228, belwvdafuring oaxiatibn HF diwid

passages 219a ect el. i.n S respectivel Fl ow
passagé@p%%@ﬁzog13P§%@ﬁmf &¥@3WH§%$@§gﬁa%ﬁ%ﬁPﬂughg ?%@“&ﬁé%bé?mEHG and
annul arra@ay 3dtvard Mudugloam 214 iConbdyubhtly, dng@ ot Ll Md Be trsdetd ng
chanber Z%EyV|a f|OM/u%S§§?es ]léﬁgl 22 1 aznEéeljdescr?bed in nore detai
bel ow, hgtain ﬁ@a@p@ﬂﬁﬁlémf@ﬂmﬁlpﬂﬁw séﬁ@é@é%?a @Q)efelfabh'l aichtedwyclf thatecersed at i ng
chanber. 9a and_.radi al | outma

gap 21&”§%§ﬁ§£gﬁgﬂgnﬁﬁk ﬁbﬁﬁ%%%&%%lgﬁil%gcpg %gm 31?%‘ %?g&S@ghﬁgrﬁpﬁPas an
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recessgi 218a are angularly offset fromrecesses 218b in order to create a
more t SPEWBYLIBath for fluid flowing frominsul ati ng chanber 216 to outl et
214 and a slight backpressure within insulating chanber 216. WO
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[0041] In general, seal 211 and gaskets 217a, b nmay conprise any suitable
mat eri al (s) capable of sealingly engaging insulating sleeve 210 and/ or
separ at orwesambh2230. However, seal 211 and gaskets 2pcajusboipnefsesr ably
conprises a resilient and durable material such as neoprene or rubber. In
this e i : LS @ e .
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fluid 221, typi ly cald air, through _each jnlet 213 apd into insul ating
chanbe i3 ERE flan b i o o Ao s ue0l 8 ST a < BhBdS PEAOS ot abl e
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described in nore detail %el ow, during operation of fluid sietgar ator 200,
cool i ngniespitelle dzyige papgble 96icpeling & dlugd 22d pumpinggihei aopbeg flpiR22 htlyough

i nsul at.j anper, 21 T oling fluid 221 flgws axially downward
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radi al | §xaaiplesaird stitabdelddviewd tfbrehe detingtdaeice /g, S20olih@Beitard rbR seMatcal R8000.
In this enbodi ment, ypon exiting outlet 214, the cooling fluid 221 is
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fluid ( , i | U . r .0 the cooling devices
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desired tgrrp rature of the ,oold'élng fl Lii d 221, one or both cooling devices
220 mayOBHNS ARHSRSE0 RGP eocasIfwid dat fngughisldtuphicto Hisulating shamerdpn
coolin evdqFi \Y; hi, av j . e for
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each port 222 extending radially through sleeve 210 fromthe radia out er
sur f acecopling fflail, 82 D1may dethareddioathe yeophng desioest @ap, efolivkalsyise? 200Rnd-

i nsul atj ng .ch er 216. . A at u sensor. 314 i.s positioned in each
sensor GOREBB0RER s Rt ERRIAEL Fof BT ug Pniia R P RatRE!

t enper a16y.e Debeddigz 6Aahd Hesifel Ubpddthir@bf VR tUSg BRIMDS1 adRng Bdils chbigwy pat h
through fluid separator 200. The axially |owernost port 222 is positioned
adj acerflevisgt P9 mmype epgatehudor expmrleadying hesgmmeslopargionre both gpoling

| ower . he . I 3. (o '¥ t,autl et
e TS| 4% WEASMLES, LR SRS LD BloSagll 10 Bl Uiz
2011/ 09z ot iPnidlA02y Sdntax 2ab. Howewer, dosig perwiniz opeetionefroafyesieed t o
as the cogling.fluid outlet tenperature sensor 314. Moreover, one .

t enper soafe diesoP oAy be nELSIAY Hhasdicxe (B dermeniarpealyre o1 fhecoahas fnid

t enper abyrg,wah ﬁﬂ&lélﬂﬁs&létﬂilg%h%%%e jgeach inlet 213. The tenperature sensors
314 positi onedgat I nﬁ ets 2 may be referred to as the cooling fluid inlet
t enper d0ddle SehsbrsboBidn Fig@45], deevgedidr dbq imlleleyea plbthlitpyf aailyi pacainy
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thereof. However, sleeve 210 preferably conprise a durable nateria
sui t abl/e t¢apergigee pansehédhd dabosufiehedyidr echrsboser pogc¥si hy gemeraly cemppanatsre | n

this e di sl eeve . 210 conpri.ses two |a .a radially inner |ayer
conpr | SO T DoePuf S anperiiREEoR RE SR AR 36T at Pl Bl bl Ty Asfoct i ve
| ayer gatptirsughgflgar epbratdrb®00. r ehafaalatigdopelmeR pote2 is EMledeé&ﬁtt er,
vinyl ester, or n Ioné. The radiallm inner layer limts heat transfer

r adi al 19§tlgic$1ds ands ﬁé’év mpeRturgisepser Shd it B aemlf}// lowewsrost 296 r228 masasaiss the

rel ati . ]t e ' ' [ [ . i ng
i nt engrpe o Bting A% 2B At GG 4% AGHRholly (BBl 3R sRuHlE O3
3-6, separator assenbly 230 has a central or | ongi tudi nal axis 235 and
extends between a first or lower end 230a at |ower flange 202 and a second
or upper end 230b at upper flange 203. As will be described in nore detai
bel ow, | ower end 230a defines an inlet 231 for unconditioned sanple fluid
101 and an outlet 232 for contam nants 102, and upper end 230b defines an
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[0047] Separator assenbly 230 includes a radially outer tubular fluid
conduit 234, a radially inner support rod 240 coaxially disposed within
condui t 28d,20m/pPhzeal ity of plates 250, a plurality of Ipafrfuses 1264324 a
plurality of separating nmenbers 270, and a plurality of spacers 290. In

bl at o 280 PR QEPB I PORA RIS Bonyt e iR ARG U Epgatlus pRfy /PP

pl at e 28E. (Mogover, ne daxmpdrhtpreasisén died @isitloned nt eavtl iAROA13 As nb@siire slhmvm in

Figures 3 and 4, .baffl ) re axiall si tioned proxi
a0, © rmreRhur af Pinsd el Sigen ity SRS e s bnt e Pbs 260
and | Ovﬁfetﬁl@tlﬁaﬁﬁgrefé?éano% ﬂ{eecogfiﬁg kRS ihlcetcRBRrar@RdefBRA 1@t or member 270

extends radially between support rod 240 and conduit 234. Further, one
spacer [20§] ilg aeneeﬂu ylep‘ms 249 onaxd CDmpm@ran}éw@ttalpialmatoﬁalésh lablluyimgdjvadmnt

baf f | d e t £ 270. Each
epacer BoET g aEand ekt o T | o MuBhET M oS e P S e s e et
sl i di ngdatyh&c eicVesorfipduner(t.g!, @arb3d Fiber alca@ﬁvx?\@lﬂpbawj esd dopsbinationk thefddf,

2011/ 097122PCT/ US2011/ 022824 spaci ng of baffles 260 and separating nmenbers
270, eddpveysacdeeveddo mr@"ﬁ@bh/m%nmag aahu k¢ wiatasiel gmableafagumnfqh@mcm axl i n.

1/ 4 |
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with flange 202, 203 at each _end_230a, b, respectively. For exanple,
f1 angesro Qtlveztﬁzehﬁvnw%|ca®enofibeéa§mf<a§eqoa%ﬂn@r (&8 dPYY, 2BUYeskic Wik d

f t dui t
234 and KR e Hod e oL ARG tefortitie o, FRYL AR AORAIANE A0 AIEO Sl e
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fluids fl W thin separat r ass nbly.230 (e.g., unconditioned sanple
fluid 180 atlﬂ?i’rfit Wg,l%lﬁtgn gandepll Baiﬁi’ti‘il%??ed sanple fluid 103) and the
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rod is an elongate generally cylindrical rod coaxi sed wthin
condw taxm2B5 amldexténgs besfvemlaaﬁlst or berdand 22@4at lswplpﬂmtger%)a @dC feasndor

central axis ci dent 205, .21 3 n a ditio ort rod
S0, on sl P b e alet A TAT Wan oF s i it Al lvs J6RBOR 1
second 1¥0a UgdTRies eid ird40b3 RtforhcationclSsathpll Mad d?@lc rah@eeﬁil bhtleoE gst ai |
bel ow, rod 240 extends through a central throughbore in each plate 250,

baf f | e ®@etrmiBapsl82.0dnipse eng 280b selinesparc éﬁﬂf‘zg?(% foheprditioneddsamply flaid gni ng

024, 80 ,OALCL 50 0 D0 TBIDSL AL 08, SRR A0 b

pr ef eratplpyl aritasoefuddtibs bdlclyapdu@étDB3i n. I n thl S enbodi ment, radius R240 i's
1/8 in. W50050 Rod 240 corrgrl ses external threads at both ends 240a,
whi ch dilfalge>hapfdgssrmtly 249 inglyfey afadially optgr subpler thwid penshvi %3Hea aadlaau

posi ti qp,Qf suBt)&It §8d 238; coh@f 1%313313%?% gaﬁﬂﬁaa}duggzgﬁe @@@@7 aﬁcef S

290 relativ 0 support ro €r Wwor nut aX| al

novemne rpluxraﬁtypifaxaﬂées%o a platdlite sf paratiag pmanaiersr@mam)e phiralit of apsudas aoer s
290 rel athve to support rod 240. Sp%célflc s best shown in Figure 5,
one nutnZhit Hhodiaet, HREBITGRETIRIN 39 dogludss et 2PBd ISOIPRST aliarey%o@out s

and en@{@%%o V\g}ﬁ&‘ﬁﬁllfb@&ﬁo@eﬁoat br efilofdb hRVEie ﬁ)%riy @25@?F1 f%t§ Aa4{Pr

prevents separating nenbers 270 sp ace 0 axial l'y

posi t i qoeeidiobed Weh]wead‘:]ndcﬁ@a shepbesitshogn e figurss 370df 4, dmfﬁd:s mmgreodn‘ialsupport
rod positioned proximal upper end 230b, and separating members 270 are axially positioned
between baffles 260 and lower plate 250. Each plate 250, baffle 260, and separator member
270 extends radially between support rod 240 and conduit 234. Further, one spacer 290 is
axially positioned between each pair of axially adjacent baffles 260 and each pair of axially
adjacent separating members 270. Each spacer 290 comprises a washer or donut having a

central throughbore that slidingly receives support rod 240. To achieve the desired axial
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240. Still further, as best shown in Figure 4, four nuts 241 are provided
proxi mal upper end 240b to maintain the axial position of baffles 260 and
upper pl ave 28b9rebati ve to rod 240 - one pair of nuts Péi/me@iexisad|y
positioned i mredi ately above and bel ow upper plate 250, thereby naintaining

t he axi . Yl . 0 e pai ts. 2 are
axi al | 3?3 %)0(1)12%0 ﬁ %Ar@ gs ?Mrpcf? %@33%/1 ﬁgg%e\%/lgbegsn%ﬂg g%%ibvsﬂ%%%e%ggro&% Bfe(%q%fl¥ E‘%Se%n %X;}?f | es
260, t herghbsandefkifriong/3and. boivmid.i ng the axial position of baffles 260. For
conveni ence purposes, nuts 241 WD 2011/ 097122PCT/ US2011/.022824 may al so be
r ef er r dW48lo Rederying st to Eigyrrg 3-@rionduit 28thasa coairal 9413 eqingident wityaxga 288 on
their Eabh2posit i 0 L r 4 to r end
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oy ng 4" prapep Tt 2 203 dieohSmow o A of b o Sortioa doSBRRRLRPRI ¢ o

upper gu {a@temaiedial ANYnduif Y54, R dkachiRd i@alate RESIondtit D8E end Bldn Sd&Rdi Ng
axi ally between surfaces 251, 252. In addition, each plate 250 has an axi al
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prefer @@.gy uBetRlitael hinlet MEd IBMEcAMarsinbh@thtl 0Y, dndstontitdicd BAnpIBMRId 168} us of
conduit 234 such that outer surface 253 slidingly engages conduit 234 when
pl at e 280 thescopbag flaid 321 dlospng ddovgh inpwatzamehambepdly. and axi al t hi ckness

T250 prefer f. in.tq.about 1/4 in...ln this,.
emboc 1t Gt 308350 o BTl dorkRuly bR a0 Lol giselaiaheing s
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Figures .7 and 8, each plate 250 includes a central tlu-oughbore 254 and a
pl ur al WP aes 8%&’&éh%}§? &8 addioparipaeit yodygt) extends axigly Relarser entrstar lower

t hr oug 4 lyal re:1:254 xt ends
A R R g e T O R =
t hi s emodidetilthel@w,fiod A40sextendf throgii alventes (Rohghiseee dn spehsgldteas0l beffleanme

di al iti d i jrst | . 255a, d d t
ot ourBbeibuaie Fonst 5780 sptied adle hirmey Bl hgiiat s RS S8r anged
in a seenididdhedrs DA a%léépaceaow@%abésﬁsﬂ% iAlFiyurP 8sidphoR ek DS MRER

central bore 254 and annul ar row 255b. [0054] Referring still to Figures 7
and 8, oventadils Rpp thap bpritesabdy betuicas 1R254. anid3/é@ch bothes @bopduasntaradadi us
R255. t.hi 5 .enbodi ment, each bore 255 has the same radi us R255. As best
shown iW®F gir'8s 4 and 5, central bore 254 slidingly receives rod 240, and
thus, nN@6URIR2EH dotniised extaial theHas B Bbthadnldy 240 bS WMRCHOsngaké aftihy nbBss
than the outer radius of rod 240. As previously described,” Support rod 240
has anZ24lt dn geariplysuiRd4] mpiatain sheppadlepogition detlateeASq/bpéll¢sr260anepasating i n. |
and th } 4 | ef er.abl y bet we 16 ip. and.3/164n. |lLn this
embod AERUSE LT ol Rt BGEOR Y yRFOIER 22020 hlherdBios i giTirese o
or sl i gkial sholveasnitdfaiatdy B0, Baffisk D60, separhin@f memdeis@I0RAkEspatereaghrdiatve 255
preferably ranges fromabout 1/16 in. to 3/16 in. In this enbodi nent, the
r adi us i RepPolod 249, Bpeaticatly, pssbept ghawy in Figure 5, one nut 241 threaded onto lower

end 240a of support rod 230 axially abuts and engages lower plate 250. Nut 241 at lower end

240a restricts and/or prevents lower plate 250, separating members 270, and spacers 290
axially positioned between adjacent separating members 270 from sliding off support rod
240. Still further, as best shown in Figure 4, four nuts 241 are provided proximal upper end
240b to maintain the axial position of baffles 260 and upper plate 250 relative to rod 240 -
one pair of nuts 241 are axially positioned immediately above and below upper plate 250,
thereby maintaining the axial position of upper plate 250, and the other pair of nuts 241 are
axially positioned immediately above and below the group of three baffles 260, thereby

defining and limiting the axial position of baffles 260. For convenience purposes, nuts 241
11



WO 2011/ 097122PCT/ US2011/ 022824 [0055] As will be described in nore detai
bel ow, throughbores 255 allow fluid within separator assenbly 230 to fl ow
axi al |y twoaeugleereh plate 250. I n particular, throughbeceas2&i/oe1324 ower

pl ate 250 all ow unconditioned sanple fluid 101, typically in a gaseous
phase w d rid cul at er fl hr ough inl.et 231

it o scniy afo e SURFRCROIRELLIY A WBlSand ERp O bGP oM PP h

| i qui d pekiise,aldng ol QWO axdvahg Frotiolomen et R4T0iegippeiédde240B32e.attd lower-alost

separ at or assenb&y 230. Further, throughbores 255 in uEggr_plate 250 al | ow
condi t iTbheéd! Eathpfastmul 24, tognextyyt 41 pxially abovgdhe i nghatlels the s¢qBdhathr ough
outl et 233,.and g; of separator assenbly 230. Consequently, throughbores
255 in plates 2 may al so be refeiTed to as fluid ports or fluid orifices.
[ 0056] [6esilerRéfergingg@vntot Bighieg B-8S7 8ndaBdeath pilate 2BD 9s erdybindrivahtlisc dapmgat or

assenbly 230 incl udes ree_baffles 260 axiLall osi tioned proximl upper
ond 23C BECRES AL g HERRTE BHBCSA dRLE ) e S5UhccRat b rad 8o
axi al | yoysp@s&Rd radmatly RAng ﬁfrﬁcé‘%@n&&&c&ﬁ%Q&M?‘He'&%ééﬂt B&¥Fackd 2%1y35%.'60ﬁ11| or

axi al sgapk. For conveni ence purposes, e three baffles 260 na
r ef er r edditionaeachidate i268thas ee ewiatl thielmgss hisy thebaifréd exialpdetvase dudnces RSi s

or der ing, axially.alogng rod 240 from.| ower pper end. 240b

G e Al R o PR RoSu el R R Bes 3R 710" 20 Pt ke SHHRE s
baffl e 2360 is the third baffle 260). [0057] As previously described, one
nut 241 is axially positioned imrediately below the | owernost or first

baf f | e (81581 d¥rderoing sheaificadly th Jigiaes 7 b SdoptarmsdivatReboyis asefveablyhaibsiopiallymost
or thir I ) Leby.Li.mting the axia ve t.and positions of
baf f | eéﬂfég%{‘lé Ioﬁ Sﬁg@[m ieg%tha%ntges}g%egerﬁl @(S)?icgn 1%%% %ﬁﬁugﬁsﬂ f)%tr?reau Eveen each
pai r ofslidiighcepagbaddnkiais 236 Gvhes paae 250 29 GoaxidlIyt dspdsék vithinS&RAUR 239 Narkel
baffles 260. In other words, axially adjacent baffles 260 do not touch or
engage ke Higeess T2sp profpblraanges fiqg! {4 0. dophautds iy Inghigipgnbpdimeich

2 concsn Py ERas B ehde P TP ARG CbARSEIN RO R4 AR REAEINARER TR Dree

261, 2621/4ria. spherical surfaces. Each baffle 260 al so includes an annul ar

lip or flange 263 along its entire outer periphery. Lip 2 defines_a
r adi al 19PSPutey BRSE ERCE Tricheiies ! aslr seeh plate 290 By iial Deorehhg oty

shown iaa i 488y oF ARSefloork 021k AR ' SEAGrDRA LS 260
are eacah grﬁiﬂéyr’?t éld w t hgco%cave SaE%a]?l e iztfgg&]i g%titwlr?g&geolﬁvm%g\g?d, \Aﬁgér)?éséﬁi rd
baf f | e radally suter swficed5h Chclcbore 264, S faesls 26111§ slvongh pletwal dsfrandippewar d
upper plate 0 urt her, altho first and second baffl. 260 axially
spacedsﬁgg%igghg)Eﬂ“ﬁd?w%f?éégl§g2hﬁa%@mgégﬂﬁoﬁﬁﬁﬁi“5##§fgidﬁ”§%§%§aw

baf f | eslighBSedadt ehPdahRNAGE] pdkitton tfnEQNhI O BdinQ R YRR DSHA) ahd hstcohafltd e 260
extends partially into the concave recess defined by concave surface 262 of

second obdpriteendgges 24D apg dispogr1at 2beraus2edin! posiBon apdesehgReinen rseeand

speci fi calil 0, H, gy e and each batfle 260 h an.axi al thickness
To60. melBi e P R 2R ey ERGD R por B SR 25 TP i SV o6
measur @gspadi al |y from axes 205, 215, 235 to the outer surface 264. CQuter
radi us R260 is preferably substantialt% t he sane or_slighthﬁ | ess than the
i nner A¥dfluReSoripgsdklita Fizges g\ & Reitrapbower254 s aewdivsRoses iidisashibprastigages
condui t baf : LS ' i e i1 hi uit and
axi al #ﬁ%%ﬁﬁgggq%ﬁ%oﬁtﬁg%ggggﬁggﬁgﬁggi%¥¥6%$ggou€w%%%%lgﬁﬁgt&ﬁhbééﬁéf74 in.
| n t hi shewbodFigends 4 adt% certed ibuse RA6Nidirghdreoeineserot240] atdethuy, agdiusR e is
condui t 4. is . 11/4 in. and axial, thickness T260 is 1/8 in. [0060]

Ref err ipﬁé‘gfém pubisgingipley s same od Sil@wzéaleqﬁ Bar fihe optss dies Wesd24entisal

t hr oug RN &, ABRescABed 8 iport18UR40 Radhif i ; e 265
of eacEPbéfﬁ%g 586 sl iggly rece?v%s&$§§agwg?gﬁﬁﬁgﬁ§g%???giBé@%gg?§6e
coaxi alih.yardi ¥p6ded anddluts, ratiuPBe, angrafaaklydddtyeali Hjposedamd 8Hbnncdindihist 234.
In additio each . baffl e .includes a.plurali of .t.hr oughbores 266

Fadi al QR GAES et i kAt S ribBgisolebPRel A Sy T e 263,
I n thi g/emodiimatither] Aidiust RY; QU BRAMRTe 266 ;ﬁéf@ra@fgpl‘éhg&dfrorﬂ%ﬁﬁ 1/16'if. to
general , any suitable nunmber of throughbores 266 nmay be provided. Each

t hr ougBbléria. Isthis embodpesie theardias Radiofisadkdese 23 nistlk #1. enbodi ment, t he
radi us R266 of each throughbore 266 is the sanme. Throughbores 266 are
preferably positioned in the radially_ outer 50% of baffle 260, and nore
preferably positioned in the radiallyl%uter 25% of baffle 260. In other

wor ds, radius R266 of each throughbore 266 is preferably greater than 50%
of outer radius R260, and nore preferably greater than 75% of outer radius
R260.



[ 0061] As previously described, in this enbodi nent, each baffle 260

i ncl udes four throughbores 266. In particular, throughbores 266 are

uni f or M ywergul®@rizg spaced about 90 apart. However, in ethas2@rbempaents,

t he throughbores in the baffles (e.g., throughbores 266 in baffles 260) may
be non-makf o ® . f Y

coupl ec]wtgg] r%%ﬂﬁﬁ?ghéduﬁlgﬁégo%%%g? élh“{?gﬁlgbl g@%&fgsg 22%%1}182&7?&2{@%%}%1 t hat

t hr oughsbparetsr 266mbily a%0 & Hywardjiadlyethtoughfdatle pla2605@r &n garsipaae dhmiglibdiréser ent

angul ar, _pasition relative to axes, 205, 215, 235. For exanple, baffles 260
may be 255an P BCRl G btooh SngtERisReT SegRRAEY 10heDRISUN AF 2GRPENs RSN of
t hr oughe 86ine 8spehded M 6Bu15RSRattedr MoCHSPRAFREH 266t ¥4 1 {nidMRSiardtbK §§s¥mi3fy| os

positioned at random and different angul ar positions on adj acent baf

260. A238 sndlsallaw cohtaminandnd D2, typedllzanpd dqhiduplihsg,0tb flbewixiglhadbwhivgrdupwar d
t hr ough, separ at ar,assenmbly 230 is forc change direction,,.and thus,

t ake a%r%’?gﬁ tOBfJ% sangia?tﬁ Qge]f’ffrgw Ff%m%g’o?g% ?%%g%f Hlé?llég 8’?elslzégé%dlppﬁr route
t o bor ggatd 680 aflowh@nbrivhedydndplb Yiuad ] 6% aPpichBS fil £o2488us pHAR, to flow through
2011/ 097122PCT/ US2011/ 022824 10063] Referring stirll to Figures 9 and 10,
cent r alouel 233284 AT senagaionpssmelds 23Ad Geasssiubihs thresglivesesa2 Sddiplatesr266. | n
this e I . 266 e.sa radi us R266. As best shown in
Fi gureqﬁé,gpegﬁl?rlgf&geggggg@gldﬁﬁgi%ﬁgu%/dq?rgicee%es rod 240, and thus, radius

R265, ijespr eleterainkyagalibsd Fidured B yankdhe, Sathes embsdinght, | sephass dsb@nbly s oout er
radi us of rod 24 reviously described, support rod 240 has an outer

0. As
radi us irgudsstthige badtley 2@% Pxiplly pRetigeeshproxieali yppen gl 330t bptiveen spppratings

g ! / . .
ebod; rgoers 250 AhEEAA e PSRRI 58y hltatt? Ohell 1By Bad Wb drbleed opeg

or sl i ghoVortheasisertiharvetti@l bnaxigt sthdk. f Eortdoavenierad ipusposf the thicecathesittoe 266

preferably ranges, from1/64 in. to 1/8 . this enbodi nent, the radius
R266, SFOBE: FeTBigrds (0 i thes i, 166qnd. a{l@é@&{] b%‘{léfqew%i) Tgeeoes S eHer Moiiee

det ai | a?fa'll?"éﬂorfgf}BQQQJ?%Hﬁﬁﬁ%@@n@bﬁ%‘gofdlpg&den\@ 240 Ri.é%t@g&k&tlﬁ%g%aﬁm 60?30 to

flow axiall'y through each baffle 2 parti cular’ roug res 2 in
baf f | eds thedirst|batile 20tcarddhe bpprednesahpffle 260 ds dhe 1gad Yadfle P60 i al | y condi ti oned

fluid le), typical i.n a gase phase, to flow axially u rd t hrough
each” balPTle Assatel BER o beritade 98 350 0P Fe sty ofosioBeh arpeaistes REBYS diengry.
t hr oughbeeResLeGRBYArAL 260 Bl 618 81t na id Qs ned@ inPblihiefEfHoRE tIRATIpRr mby t her,
the gaps and/or annulus radially positioned between radially outer surface

264 of ogdkird baffte 2002 8berald ligvietithe 234 mpyeanent and aositians of bafflest2pPi clal 1y in

a |iquigdphas LB, and. £ liow axi al downwar.d t.hrough eac af 260
Foward “SABPE Soss sl 200 B el MR B Lo SRR SRS ah o RusRr B ol 2Ty
bet weenpsresRI0ahhinei? 6abigaeasd uf bafddd26myInb@héel ek eftidlly saceifitdaffl@aps.

[ 0065] Referring nowto Figures 3 and 6, in this enbodi nent, separator
assenbl?fV dg@of toprk geengagp pishathary of separating nenbers 270 general |y

arrang n - - gl hn hC @Al St . |C st
cepar anr N BaME shRT T AR 2pe P10 SR BherR I o 3RS i RSP

addi t i disc nnmgspemerex 28Fadex26dxdind|d gonpesd durfanedobetmatelnosachcg2d I 1f this

adj acent _separating nepbers 270. Thys, nut 241 di sposed inmrediately bel ow
| ower ﬁP’é’ngl%]@) %‘E%’ﬁ?ﬁr {fgl,l fﬁ@e?repip F’%Cai%ﬁlé%esmeﬁ‘?“’ha afflﬁe%& Ypapndlydesan
separ ah g MEED&! FlandO o I St j . be S ti i%ﬁ,ﬂbers
270. Space?s ggo ngﬁt aié%daé%i%:ﬁgs%;glgergg%lﬁﬁ)ﬁ%g?ﬁggbar‘in%ga %gras@ JIn
ot her wotetimostaylinddical sefenettdmy crehibaffee 200 Ae basitshvwoidin Figuresnd a4 giac h

ot her. .The axi.al spacing, bet n.adj.acent separating .menbers 27Q preferably
ranges .ﬂ?lF Sm%ffiglﬁeq%’nﬁrslf SQQf%Oﬁﬁ%agieic%&smf gG°© _roéle‘btle%g’@ﬁ’gﬁ‘?rﬁfag‘? §‘érga090262

mai nt aifitidNAoRh@hRT, Iveltkrési RlrdSRIRE F600R GHend ARB8NEonSRRALEHICEDIEIRELS 270.
[ 0066] Referring nowto Figures 6, 11 and 12, each separator nenber 270 is

gener alupyaisly dndviemaed uppieplatet BWdi Rorthest aleavghnfingpped senodd badesa2 arel ower
end 27Qb. L ch.s ator nmenher..270. has ;,a fru onical inner
sur t aca Ry SR b hng SR HERALT b BleeTRIR bl du R ek it GRRN i P rel  F ce
271. Uppengedrd a2v8mdicoafigwesomwhaeiidiat bafflp 200 ckicadgparBdiBy ii@the concave

recess defined by concave surface 262 of second baffle 260.

13



WO 2011/ 097122PCT/ US2011/ 022824 extends along the entire outer periphery of
upper end 270a. Lip 273 defines a radially outernost cylindrical surface
274 on eawb 2gpargtor nenber 270. In this enbodi ment, | eeerusend02®0b is
general ly flat, however, in other enbodinents, the |lower end of each

separ atj, g, rﬁé@ﬁ%lg&ﬁecg{igﬂ)@r I %1.§Q§j9 24870 Oéacff %gﬁle q?{ag%g fx%? ‘H;[?cq&legs? r12)6 may

be rounded, poln coni cal "1 nner su i nes art’y nner
cone-s hamdredai\xlaﬂlyz tetwdencasicd 2812342 and ag oatet aidivgs Rigymeasuckd adially fienopen

upper end . pbest shown i.n Figures 3 nd 6, W the e ceptlon of the
| ower my&es ﬁ%?ﬂéﬁiﬁ Wéﬁ?ﬁ@l’“eﬁ?’éf %%%ger%’é%re@ us Rego lbpﬁg"éa gubdapnlly dbmar at or
menber g o%hg&gswmh@n fiRGRRE rgd—’{%_lé’lf conliit 354 ARkt dﬁ?&*@ﬁffac%@&is’ﬁﬁﬁlghy

posi tioned i medi‘ately bel ow it separ at or nber s

descri bagages dvailwig 234 relrayebhiila QéOnesDeydaldy)ldfspgwdamtbm windnit 234 e ah axial

separ at t ends axi ss,,278_0of . an al |y adj acent
separ at' PIWHBEQO pﬁtgragf Y088y f?@? gt’?ﬁ}{ r]rélrgslﬁe{? ﬂ%@&*aé 1 {hihg ‘Jdﬁl?(l-ff{émili QU 12,
each sem@qugﬁr dRITRAEe BEGnARASadil Pdofdiuit ML KNES $n. BAd AxIABASUNGEL Tyq0 is 1/8
perpendi cul arly to surfaces 271, 272 and an outer radius R270 neasured

radi al lig- from axes 205, 215, 235 to outer surface 274. Quter radius R270 is

prefer tant Il y. the than, t i us of
condui f[p%h s%%rﬁmlgﬁgﬁt ﬁ{g@resgf ?’n?ﬁ @AP gf?ef %q}lo 186@13% ag%élggpﬁlb%@i}s?wzzgg when
separ at A gedtBilib®hSIn2Figuis & afdX] @bhtyal thREBRMe Wk hdMedeR Nshifflé 28841idaipd, axi al
t hi ckness T270 preferably ranges fromabout 1/16 in. to about %in. In this

enbodi rfeeRivesolivde?4% adbhus REfes 26(h dreneorséallyhdispasad abpetdiods24F ard keaKilly34,

is 1%i / ] nber
230 al <noRBfyinonll FHLPRGARER, o8 baflaTbo holifla EAGHSERA bRt
shown i266Hiadiatle poSitianed Betvmentdeﬁﬂralt thtcugbdrer 524kl ainukaciange@sBat Br thienber

270 slidingly re eives rod 240. Thus, . separator menbers 270 are coaxially
di spos enboRgnenty oy Suerghbares 2AQ ek PrpVidedn OBE VG mqgwe%m. suitghig numger

addi ti cmm%ag &3246% X fled2 el ﬂﬁ&\éﬁ%ﬁrea}%l os%g%ah&ﬁﬁ@ﬁb §0276

proxi mal upper 270a, a at 1 east on u- oug pI‘OXI
end 27QChis elrrbogmm@n,athc rz&imsﬂlﬁepfmah throngtboes 265716 t]mmamm Cluroeghdoges 206 taab | e

nb ft hb f th b 277.
P herre g hapaored S el Ay S R o S Bhors SEBENY Po880Re] have
di ff er apthdvaahely ould 2t51% OUB{TIeN6S. &Y BthahHoRTs, Faﬁﬁﬁqg?éb@fre%%h MdugHioVeysy . the

nunber of throughbores 276 in each separator nenbe 70 preferably ranges

from orié prederplolyrgreaerdham 80 Yuofiveter ahdivh Roungindoness pze?'f’f}rabty ggatier thep 4684 of

menber Q A oRg)r eferably ranges fromone to four. In the enbodi nent of
< ﬁ%s

separatoc‘)1 %70 shown in Figures 11 and 12, four t hroughbores 276 and

four thomughhwrsviddsly ad@cibdy i ©hedhis [ SA6&]imest, V\édch berrdesen | ewdeN BB €
detai|l bel ow, throughbores 276, 277 allow fluid within separat or assenb

I
230 to thllO@ﬁh@WSaM@ Hglighare Bion shbprgs a%uarwmmlwmularw paead ahouaPQ° 16y
WO 201]5{p91%7 %%‘Hﬁzo%ér/qu@o%%ﬁents, the throughbores in the baffles (e.g., throughbores

266 in baffles 260) may be non-uniformly angularly spaced.

[0062] Baffles 260 are preferably coupled to rod 240 and angularly oriented relative to each
other such that throughbores 266 on axially adjacent baffles 260 are disposed at different
angular position relative to axes 205, 215, 235. For example, baffles 260 may be positioned
on rod 240 without regard to the angular orientation of throughbores 266, in which case,
throughbores 266 will most likely be positioned at random and different angular positions on
adjacent baffles 260. As a result, the unconditioned sample fluid 101flowing axially upward
through separator assembly 230 is forced to change direction, and thus, take a more tortuous
path to flow from bores 266 of one baffle 260 in route to bores 266 of the next axially
adjacent baffle 260.
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t hroughbores 276 in separating nenbers 270 all ow unconditioned sanple fluid
101 (or partially conditioned fluid sanple), typically in a gaseous phase
with sonewpaotiiou2ate matter, to flow axially upward thprougis2€ambessepar at or
menber 270 towards outlet 233 of separator assenbly 230. Accordingly,

t hr oug rHhe rif r Furt her,
t b ougnBar bk g Te 3 bR I0E Cork B B3ret3 10k s 1 ARE o ok

t ypi call6p lian aaadliiug Rig-. [Iha]me ,emﬂDOdld’[elnD eacidbde Q66 &xs dlel sgmdaudivi@Relot xOegh each

separat or nmenber 270 towa 233. Accordin t hr oughhores 277 may
i s et AR SLIEN R B T plidigglyy repeyesstod] %tﬁ?cﬁn Fsé%rrlagh@ Boss iy to

Fi gur esprdfbrdld sdigstaf@fd th@ lSOME r@%l?ghﬁ}@e&ss tifdh Stﬁ@ %ﬁaltadﬁ‘ls (?fgfdt!ls 24 76, and

each throughbore 277 1's disposed at” a’radi us R27 at Is ss than radius
R276. |Imevibidy dedsobtiedysnpport tod 214@dh|as: 8n R@tﬁﬁradfusdb@rthaths oraditrbloly dbeBi@nilsl @ he

same and t di us 77 of ea t.hrou 277 the S Si nce,_each
separ at'Br l?fﬁﬁrég iy 7gd flus, Ladipis, t’éd’rﬁigﬁg’%’gﬁﬁ%?“r O iy Bﬁ‘gg‘é&r‘é’s %‘7%1
pr oXi medmusRRREnteRdind 103, Br188 iR dhalthis, mstkﬁp %daHo'ﬁt i J3€in! edélﬁghlﬂy 19&@&%
portion of each separator menber 27 0, and throughbores 277 proxi nmal | ower

end 2708 &t eStilhfirther, yagissReer o earhibore Bed prgbiratily yangnswﬁompid@t ot b8 imabh

separ at 7 aodi pent of separator nenber 270,
t he foutﬁ{st %@Jﬁblﬁ%oreer% lgz}é(eoﬂ%aicgi??rrﬁe{&ﬁ Irl)e{gﬁl?erentl ally spaced about 90

apart, [aosd) tAe wilWe dbycaibghhenese 2detaibbelow)i theughdored R66IMiIRHE ALidMithispaced
about 90 apart. However, in general, the throu bores in one or nore

separ atSehyaieE atssmbly %3(2;t0 flowirsisghtibiosgh 2ae baz”ﬂfr 2§9r éepalﬂlavhahglwgm@qres 270)
b
may be pang, eaffﬂ ryM floF gﬂ%&{d%yeg f&*ﬁﬁ"[’%ﬁdl 0 Blm llneﬁ o BIRET S

270 are pr ef era couple 0ro nd angu yrori e

ea;:ﬂr; otsamiple3) u&hcg]ﬂlyﬁm 4 gugemg;rﬁhe?e]ea) 204y a&ﬂll&r@@bﬁ@&hﬁd;gheeﬂi llxﬁ”ﬂ@ a6@towigds

menbers 270_are. di spose erent angul ar position relative to axes

205, 2103;1% 648 ofisePERIE ﬁSSﬁeﬁ’Hfsi’o’Or e %B@Ve@m?g s 4% Bey plsg feaeisred to

separ at r pols a
dsglgs HBHP& o% S, Rl tﬁ%%fagsb ?r% %gleﬂﬂ%g:,l%hﬁgflﬁ o%d %Et%gﬁ"rﬁauf@

result ui . 9., uncon itro OWI ng axi ally “upward
t hr oug rouwpsarfadm%ﬁasfsm Ibyff]&ﬁlﬁ(} andf @mdeid 284 aﬂh\an:gﬁtadnmzem i@ ty@calytinus,

take a .,npre tortuo when . fl ow n 0 6, of one_.s rat or
nenber 1517’5{3?]??5?’&&(& %‘adt ﬁ% W E1aEY d%’f’é‘“%f‘I ihrﬁ%u i’ﬁ&gqf }fﬁ%’fﬂe ?ggar at or
nenber 24Qrdih@07BL oBef Mdéhnsh ?bbltlbﬂed:faﬁi&ﬂ?%eﬂvaeeﬁ%ﬂcﬁLgafﬂﬁQ@b ragll BBt 275
has a radi us 75 each bore 6 has a radius R276,, and each bore 277 has

a radi 4 may?oenef@tedﬂea@d@ateqpﬂ han radl us R276,. In this enbodiment, the

radi us ch [€..276 I adi us, R27

iU A n e BRI PR bR S B Sl SRR SRE 1
recei vescludsd aZflﬁlralﬂy’ldf @ép@atmrgaﬁemserﬁiﬂé ehéalw @Ifr | sheBbS-BHRLdtRd M & he
same or sli | ess than the outer radius of 240. As previously

descr i BeHicakeipdrlistackd Tha fpwmoglseparetor meafdxen%m@wlx Huts angd gneagasdawey WO
2011/ 0%@% é@@IT /S M?ﬁﬁ%ﬂlaéﬁé E@ac F&W%Qﬁ@%?ﬁb&m %ﬁgsl %ée% éa’ap ‘b ”&Séd‘e%%m

radi us et ween
enbodi mepdratinga dicusheR2200. STAYS riun, 24dndispbued , infractiiatel yRBalbw losverbdate 508 i n.

or slightly less than 1/8 i s R276, of each bore 276 preferabl
ranges SPPH?%S lpyar plajg 2 %OoaslwélbaﬁR%e plyalityrof srematigememgers 240 wnéép@ew 0
prefer gl pssAn fir 6 desgr re
det ai | bé’?é (S)vf/fi rggv(sjeleus I%a{éﬁgnga}l%%?u%/%'fqﬁac% dg‘s ﬂg}rlﬁ |nc§§&1 E/%% Hd‘?@l n
ports stﬁqram@menfomseR?S@, Imagtherawyrdac axisky deﬁafaengnhemb@aﬂit)do me nbechso270

W t hin sep arat ass 30. 74 raI the co ts of

separ at Bg &€& IﬂVrZ (% as Spac&&gﬁdfe@éﬁlg Sthalatgggneighgrs Iggg poefgrably
separ atrhilgs TRAPSAS i 4014 ﬁ*paéﬁ%&&s 290 ard YK sﬁé&to)mé‘iﬁbélr?@l@%éﬁﬁe@ﬁ%al
suitable materials such as netal (s) and nmetal alloys (e.g., alum num

st eel , Semat)onqfcadaa@emtasbsar@felggmembeméﬁ{)cs pol ymers, etc) conposites, or

nbi f f nb 230
COmDL I SR oy EPHEAES o TSOTEIRET Sl SRR EL 200 REBSFRNY

Wi t hst dnetirieg cexé exteedingBétween @1f1 gp@eﬁa nG04 @nd iﬂﬁ)vv@leﬁa Rved.y It 3, 0fh
(e.g., tenperatures, corrosive effects, etc.) inposed by cooling fluid 221

and uneepUrior BisErpes Affhhas # frstecopeenl ik surfzen 2t7hen<é abveionerieal cées spifared

her el No7h erdRIMRRA! Sirfdbe 3PRAUBE ord B M fuded In AnfutlPRS of HATASIA' fheESS
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[0075] Referring briefly to Figure 7, in this enbodi ment of separator
assenbly 230, different sets or groups of separating nenbers 270 have

di f f er entwounheawsizef gas orifices 276, different nunber ecwfusdo@iomsport s
277, differently sized gas orifices 276, and differently sized drain ports
277 bas [ o) S I 0, .

particu g?ggfﬁaﬁ%}w at?%(%ﬁ¥ gle t%ﬁﬁ n%gﬁgig%o ?ﬁ gg%&%% oraééggﬁ%ly
230 nayommwﬂmdrwaitsorfdw‘ 27elrcﬁn¢ach atmrabr gembpis2 207 Unlthis 2kbodiment,Jo R er

re ondHHAR duErBrl QupHPURGR A e oaOner s ErioNE o8 OF et FRUB DT

gr oups 7 7/ 0.
o ey Sy L0 o o

starti ri@ruat)cdmmé innen duiFBEL71 Teliggs gr owpr QIB-shapesl ¢alvidy Ioom:esm%%S sa¢ndig
twenty-f nb 270, 70- 4 th t. of
twent y- I EEBRFAN BouBIRRETRE cade o &7 Bl hehun B RSP e Bup BB et
group %@%;klonaaﬂ thd QokPersb8t BepaatdX Ilﬁélﬂaél R tHaPRAE QtIW@ﬁ t@%@ 246k 2,

270-4. [00761 Wthin a given group 270-1, 270-2, - separator
menber sSepar@tog r@emle 27 agxterpg uinto wcedss 273 gf vibe sgp@awr zmgmber 270- axialpy70- 3,

L f d th
came. nRnS RRRENRILEPabE, T R R 3Tl e d i 478 B 707,

270- 3, aitdgdd uﬁﬁﬂbst@ﬁSorﬁ’[guiatﬁﬁ \Qﬂeﬁelhﬁcﬁ BepasasEmedets7 O?B)gténcﬁl’kdmﬂgclﬁltcﬂr ain
port 277 has_the sane radius R277 However, separator nenbers 27
di f f er gRgesyr BhpEanppaally adigasnbseparatnr memben240.ar e different. In particul ar,

t
Svoc il 3RS SP0gh Rty R BBk B S ST GNP HOPRRARY b hal Bl OB
d|fferahkkmmsﬁéﬁsn&hmﬂemu?m@mdkam2?7m Eﬂ§§gxéﬂg 372umdtﬁe;mﬁ?g?ﬂmgn&n§rfmn
Fi 7 s orifices an rain ports ner a
hgcr Iegglégasm%ll rﬁ‘g aﬁ)‘(’ rgel{‘yg’i?ﬁ%g)rsd A ?o%?’%rtﬁlfﬁlt?los%faﬁ%@7 SBQ@?% ragdiup 8R27<i s gr )(;up
270-1, éﬁé&ﬁb%?%s@ahﬁﬁl {%qn@& sH les‘s”th&?ﬁ e%h& %aﬁla%%%ﬁ&&h howis,df ai n

ports in group 270-2, each sepa ator ne hree gas orifices
276 andhtthower surfioe P slsdlﬁgiy engageg;r cm;duﬁ?B%whaacshpesﬁ:pm ateatberse AR @are 70

h t fi 76 27 270-4, h
oy arsPRRUTHspOSTGRLS ARl 12, GhEleLRIGed Gin RER el BngtP pdhgpur °2°
[0077] 1/16 tits asseRoglinrent tan@fﬁb&ﬁinfehtC 8ate? fRIIG RSERAN %%ﬁéesth% {EhérRadlid ber ent

groups 270-1, 270- 2, 270-3, 270-4 have the sane radii R276, and drain
ports zswdteif2%mlﬁtlmra@dzmlthml@ﬂ%melﬁtl/?gmoups 270-1, 270-2, 270- 3 270- 4

have t di tICU| Fes) .88 1, .270-

2703, 180 FEach AblalSe o8 PRI didlss; £ 4D 180 PEReF 375 i 18 Fi o
R277, af70Badty Kb@asha)mﬂhtﬁg&rzs Baind /6] Beritial tHiGuEbBTe 2750 0da0R keRiOtineRBES, gas
orifices 276 of separators 270 in different groups 270-1, 270-2, 270-3,

270- 4 ey Hidinebareceeeind 244 Thye peparatatmembersa? 1) e rogxialiy dispossdmbent or s
270 in I radii
R277. gérl fzgggﬁ@t“’&rlﬁ é%@a %1@1?%@ t%%gs %%raﬁgﬁo%s&ggéwﬁggﬁgﬁlgéﬁﬁo 270

i n dif fincledds egﬂmpmeﬁﬁﬂ}ughb(ﬂé(lm ,pr@ﬁﬁaBupr%?@n(ﬂZWy atk® e leas ®né flatughbore

gr oup-tQ-group Vi ng upwar d and radi us R277 of drain ports 277 of
separ 257 DrFEA JOWPF P éﬁ BLﬁ%e@zcﬁaf SopAgator mepghes 279 7pay, inpled@dt ease

fromgr I [ gures
3 DoTARIE Rupbecs ‘3‘?013%22%?‘* o o e b0 P2 KD
| ower einﬂelzﬂioﬁp@ﬁatm’uppnbﬂs r256 112469a1 @indagshmblyp2l emy Ha0¢ dfépartatintgrnefrber s

270, spacers 290 inin ond, ird, fourt and
1 ton ARESERAFR10 utipr BaotiopBh S0 Mo rderen RotHor 6 OLEUR Tl

after tdagn %%bzﬁ‘ﬁtor Rhahesr 250, pr‘éf’el?ﬁﬁﬁtﬂaﬁ'&snﬁﬁﬁle lofe thofou?,p%ﬁ@rtﬁe Zﬁgmbé‘ngf

baffles 260 slidingly engage rod and thus, an axial force can be

appl i edlm@ghhﬁé@eZHolmn]e ﬁ@mrat@r lmmbbﬂ %’/7Q1atlgepteﬁwblalrmggs o Qmet)tof floom IJpper

end 24 tlve rod

verti cgﬁ gpéé(ﬁ%{e{ltl %efnnseggra%?% n%bef %ﬂ? %ngurﬁ gf%%dT%(§OUI t@‘ﬁ Fﬁg&rﬁe nbers
270, spaddos tRAghtures Do 4k provafd. nat ur ally urges themaxially domnwar d
along rod 240 toward | ower end 240a. [0079] Once first nut 241 is threaded
onto | dHEPl ekgwilhba desepibed iemgrodeipl bﬁlogfuﬁp@ughhomﬁ 240275 aloey dlid withiger t ed
into c r 0 |1y
advancoa TReL ERABATZN B B0 SughOFh LR <altuoRRRuiRE 07 b SalllBieY o,
nut 241 at | ower end 240a. Next, uppeﬂ6end 240b of support rod 240 is
axially inserted into central throughbore 275 of | ower-nost separator
menber 270, and rod 240 is axially advanced through throughbore 275 until

| ower end 270b axially abuts | ower plate 250. Then, rod 240




WO 2011/ 097122PCT/ US2011/ 022824 is axi ally advanced t hrough spacers 290 and
central throughbore 275 of the remai ni ng separating nenbers 270 in an

al ternatiwg20mgrep until all the separating nenbers 27@cans2e0opised to rod
240. As previously described, gas orifices 276 in axially adj acent

e R ERTRE 531 BB ShE AL 1D, MRSl S5 aLY) r

nmenber spazifdllyasoadkyed ﬂul@nﬁmfpm) St,ypﬁ@m)ﬁfrﬁd ge{sgoﬁ@l‘ia% wﬁ 66ma lpertﬂ‘cﬁlaae i@ttdrot at e
about axis 235 during assenb a result, during asse ¥$ t he ang ul ar

ori ent dPif axialluapypid ﬁh&ghzeﬂeh é?paé%ﬁ@r @éwa@am tw%wut@?@ of a@w@om o the
angul ar t o] r nber
270 1 o oD AL ReRrainl, 95y Rilckest R A0 M BY Gt B SEOBERLA of'®
adjacenﬁnﬁepﬁhﬁhmnghmmgMﬁn&;27@1hampmghggsnenb&xd§@ ﬂﬂﬁkumhmhhansame
angular ori ntatlon [ jvely |ow, an robab|I| y of ever
separatéﬁ’IC @pﬁﬁﬁﬂﬁ 4@&?déVVY?€%ﬁ; Wﬁr MHPH@1§§ qﬁﬁaﬂT%?Kﬁwr

ori ent ai?'O%vdaﬁiseéﬁtfe? 8BSy A&éﬂrdl{@?%o@me{e@\m@%w a gs&r bdp&ehd donad Bin
embodi ment shown in Figures 3 7, the plurality of separating nenbers
270 ar eordroesiogedts. nt o groups 270-1, 270-2, 270-3, 270-4, where the nurber

and radi us 76,. of .gas _orifi es 76 0 ach tln nenber n t he
o, ol e Rsnsan IR A (SR i BRERPRR BB S9estEe vk

nmenber s5nd i@ ch thidififREeny7 & @lume@raea%dlﬁﬁ RSN that Py Nés8 gha%ﬁfaamalfy27<,of Insﬁﬁ)@r at or
assenbly 230, special attention should glven to the order in which the

separ atebodisnensr the 2abunRers aﬁ 9@hdb@%hh@e 230 120 Stnne ashilevedivh R dedicadd

arrang nt . .of u 270- 70- 2 70-3,.270-4 ificall separ at or
merbor ke HRCR° R ik et oo Rebaut S pet e EPBRE) aced
on rod gébetrbefhesighbeRands eioimabesser 240 2des h@ﬂﬁ@aﬂﬁ@oﬁﬁﬂlﬁddglﬂrtﬁé rAdiliyse in
group 270-2; separator nenbers 270 designed and configured for use in group
270-2 SHERIDOTERS ff srek gersiptoiomenher 2 e én@ P%@[S(?W pEHapkloeo ek 37 Yned
and conf, %4270 desi gned
and cogﬁégﬁée gﬁmﬁégnﬁﬁe§%%ﬁ§’§4%f§“1 ouI p%%%%éﬁagﬁgﬁg 240, before
separ at[m71]rdnb&11$ eﬂMdﬂﬁﬁitgﬂﬁdepmatoﬁ anémigar 270,f thie s thnoughboles 2X1%- 4re
[0081] Refe I ures 3-7, and novin e remai nder of
t he asstei#%rlp pr fff@ﬂ&ﬁﬁ}érsp 9rd #hamh 903 patkp ga¢ g dpus élgav%h% Fesmehbére 270

| s posidiBRRH &fbu'hﬁglegf}gly étﬂ&bdh‘ﬂbo%%art SHtOWegéldﬁg A4, theREfousRhr&AOb,
foll owed by axial insertio of upper end 240b into cgntra1 t hr oughbore 265
of firsh obabf her@&paratingaherlserp (eef. ethabighbores 876, 7vih tsbpacatingavembers R3Ge 262
facing do mard ?e nd. nut é%% @?d fi4st baffl e 260 are axially advanced
al ong rB@’Aﬂ?QNHI$' BRSO s positioned proximal, but axially

spaced [ﬁmlmSeﬁoa@tlﬁgﬁﬁémw%tm%p@b@etf&ablmgred%%dm @rﬂnﬁﬁgﬁﬁarﬁzuéﬁ&ﬁé‘d 262
axially abuts second nut 241. Accordingly, second nut 241 maintains the

axi al geltvetd ewh othet ppay thbfathrqughlx&@s Affdon wdallppdiacenbsaparéipa menadrern®itber

2011/ 091 $5miR0HiRob S EiR e BG4 Yr 2F Bavtnedl Whiro Py 240

in an ahicRphtaireny’d aShiidlty adjaeanstpbatihl encd@erd 37(parefpesfatably MiguRmtyasttsei t h
concave surface 262 facing dowward simlar to first baffle 260, and third

baf fl e 0266188@1 cihr Aparapilly ﬂ@}lfq er-arconditionsdrremple fuid f8Delloping pxieiligpwewhr d.
Th 4 d
Then oy Qo sded a0l o SARSEaS0do R0 RO PIRRARLBNS, 'O

241 axipati whemﬂ@wmsﬁcnn tiserer 27 doalf drleaspabior archbsp2Einsrod@Qo lied ees2twaf f | es
260 tog%Iher t her eby. mai nt ai ni ng tQ% axial position of baffles 260 and
spaceré’f@@m?%é¥@'é? %ﬁ¢8ﬂangynﬂ® /A nut 241 is threaded onto upper end
240b, §r 1638 g QRIS Fitk& 1 Yaddnse 9
throughbore 254”0# upperﬁﬁ#ate %gb g%§9¥%?gﬁﬁ§WQQ%2%h?§R%E?%%g%@k%%#%
upper dnsd azak(ibs Riguartdreaa tiofei X7%7thas atraadlﬁmfima rtieat frogicttienthed radichRizhain thixch

Copor RSP REuBc nE e Bt T AP o W 8558
. pr ef erghliy tdadlel YAPRSE SHoWER mgur%qdc&ﬂ&l s 75NEHidoly R340 bapan, spd 240b

ext ends axially upward fromfifth nut 241. This threa ed extension of rod
240 al |ty rahuseRer as pisferald gl subsiottialbidhiyanheaot slightly dess thar the ootaniradiugref i ng

ol at o5 1350 02 Aredo SRR g%%%%ﬁ’mﬁ%mgﬁﬁ3@9%&%&@"%@0&%@r Boeor

exanpl e, once threaded to upper end 24Bb, the extractor tool may be used to
pull rod 240, plates 250, baffles 260, and separating nenbers 270 from
conduit 234 for nmintenance and/or cl eaning operations, and insert rod 240,
pl ates 250, baffles 260, and separating nenbers 270 into conduit 234
follomnng nalntenance and/or cleanlng operatlons Accordlngly, enbodi nent s

Y r 1 o o . P R T o o, ~ N T r 1 PN



[0084] In this enbodi nent, system 300 includes a conditioned sanple fluid
tenperature sensor 311, one cooling fluid inlet tenperature sensor 314 for
each coolwogod@errze 220 and WO 2011/ 097122PCT/ US2011/ 0228As%2e00biseg f 1 uid
inlet 213, one cooling fluid outlet tenperature sensor 314 for outlet 214,

posi i oiuein b Yo f 414 B ngd0R. st kit R et iOhE 1

Condi t ijaned tisasmbedifdetit, adigRES &t U8 €n, 00 $Is, Blllusi TS, PRbLIONE @n.ar sBphtly
proxi mal outlet 233 of separator 200, and neasures the tenperature of

condi t i 6w Hin-eRadigs Bowof cagh kase R8¢ predesablpawiees §om HEH 11 o & 10An.etnd

t enper se i L4 t r-QXi ey e

separ arer S5 ERAe a7 8RGO RIS @ AP, RV LOP A b dtgfhed,

t hat pantmene|detail bélet, 2tdus Ky tahé rradioo RLAgoff gasi adiftves @6 ahé rmipain glous €73ensor
314 is positioned at or proximal cooling fluid out|et 214, and nmeasures the
t enper dEYACEUHHY-CHEY iVAEY F‘&'Bf’sddlggie“étse%ﬁ@éﬂn%bz?.fs #ﬂ% Wlﬁﬁ%is?ﬁ%@t%éﬁﬂng fluid
t enper afz4r e sensors 314 disposed in sensor ports 222 between inlets 213 and
outlet 214 neasure the tenperature of cooling fluid 221 flow ng through

i nsul atideTgl dhaebenal, 2iGcanpdichfserfesrparator afsembdi 23 b (rsg. atouyitA3deplate 260and

chanber 6..10085] Referrjin ill to.Flgur , .in this enbodi nen system
S00 ot gt ad0q e oS 270 pacd it F0h Sub et Dol souia gy LIS Lt o
val ve cRibfislh s86H W@ hfialGF hnll QhetgRSIb ORI NuMeNing Btk Oetc {NEbrRmeANd(d 4 oned
fluid outlet control valve 322 and associ ated valve control actuator 332.

Val ve csramies, pabymness, ets), 88mposiies, arajombinagians thereof.r Boweves, theeampbnetodf ng

fluid 221 into _coqlii devi.c 220 and inlets 213 of .separator 20 |

par t1 coPEpelSy GRS RLFERG T FoRuERE St bR masHRR DT e 35 £ ows
to coolwigtthdiigCegenitd @iiddi ol &lppsetIo thewelMEvely WoRditvad V&S, Sdpditards) a
cl osed position, cooling fluid 221 is restricted and/or prevented from

f1 owi ngoptesizesiients, efeyiiBwesabby spelingnflaids2211and %ﬂovélt’@éﬁf pynplaciuidtléls 331
act uat | ve d posifi 3 Kb OnN.
Fur t nor 2 Y taboRBAYEE dol B ERERL BOSUhOARAANE D80t SRR 20 5PE 1
can be madtependeitlésy skentrol | ed. Each cool i ng device 220 al so includes a

cool ing device actyatqr 341 that i hdependently controls t her the
part | cdogs &%PFFW@%H@%&%F% {-sindhis spbgeimeng of %@PTat%{saS%@\ﬁ!\gﬁHééQéiéff@Fnt
coolin (o] . i deyi-Ca: I
actuat%F83§§?K8¥3R¥;T%gu@g§?ngg%%§o g ? g ?ﬁ%ﬁﬁ%#ﬁ@%% |??§%ggngﬁﬁ%éﬁéhnple
103 t hrddffefantomtrhledrs 388raof peep2it7atidier@0l). sital grararificed 274, and|difer8@Py sised N an

T L R S e G
322 i's diiraBtycd ORpstaRR® Phdnhits 2 AP RHidphRRths SR ©36 ltydbel @3ided ih@Sdifehed

and/or prevented fromflow ng through outlet 233 from separator 200 to the
downst rsetemregraipne -1, JH-2e2 bt 26)1-4.adn ibe embgdiment pli atpesatorabssenbz2230

bet ween, t he.opene sition and,.t cl osed, position n neral .. C
cont roIShg‘gPLlJl?aFW%e%’ ﬁ‘a? ,afea%}eagpgfegé[gf?g?epﬁ - 1%%&961%96’ Wﬁ@h@eéﬂf@%flg’ type
of act yatogrolyct 101 NEN0-W A7T0BY D704t eh 96 vedcPSitatod Mhdinb Ry BT RUGkSps Q70-
pneumatic actuators. WO 2011/097122PCT/ US2011/ 022824
1, 270-2, 270-3, 270-4 are positioned one above the other starting at lower end 230a. Thus,
group 270-1 is the lowermost set of twenty-five separator members 270, group 270-4 is the
upper-most set of twenty-five separators 270, group 270-2 is positioned axially adjacent
group 270-1, and group 270-3 is axially positioned between groups 270-2, 270-4.
[0076] Within a given group 270-1, 270-2, 270-3, 270-4, scparator members 270 are
identical. Thus, within a given group 270-1, 270-2, 270-3, 270-4, each separator 270 has the
same number of gas orifices 276 and the same number of drain ports 277. Further, within a
given group 270-1, 270-2, 270-3, 270-4, each gas orifice 276 has the same radius Ryz¢ and

each drain port 277 has the same radius Ry77. However, separator members 270 in different

groups 270-1, 270-2, 270-3, 270-4 are different. In particular, separator members 270 in
18



[ 0087] By enploying the tenperature sensors (e.g., tenperature sensors 311,
314), valves (e.g., valves 321, 322), and actuators (e.g., actuators 331,
332, 341)wpnreuiwurby described, system 300 is capabl e ofrcaamwemiorzs24

real -time, (a) the tenperature of cooling fluid 221 at each inlet 213, at
outl et ) b fi f 2Rt A LIl RS, i | At 216
pet voert TP DO R STEPeR 5Ye PR el o M B G Pl

sanpl e diffaiedt m@3bas obdiningtor®337. Fo) exaneplstimthesenandimpeasgishoen imFigeach thal ve

321, 322 (e.q.,, open, C ed, ,etc.); d (d) . the status af each cooli
devi ce st 4 gaS BEReesct i ki ods ZGediebily By SeSntrene Ayelu vesEa,
and COoﬂrélﬁ%r(ﬂ@)\lﬂocgﬁ%ﬁ?.lzQp%ﬁ&ll@?iﬂuﬁhﬁ)ﬁ 9783 1eacBbéparhit®s RRAMCY 84 hasSol 8 300

i's capabl e of con ing the tenperature of cooling fluid 221 at inlets
213, whirtflecs A7 and far| dssis poyis 28 BODovp 2¢0at eash separatoe mparter 37@ hos threml | ng

fluid 221 w.thin. insulating.chanber, 216 and outjet 214, as.we S

cont r ol % r?élflt"%sn%@ 31?% hjéeeoal%ghﬂ%l]tseg‘?%’ dit &EO%%?H'%L’O‘?C &t qr"i:llto% ephsr ?Jﬂ%@as

cont r ol thiongis vakives B2inditlvb dadih Yaftor7B3Ad iSyeup 7@ A0cdch segR@bt Mefber 270
controlling the flow of conditioned sanple fluid 103 fl owi ng from separ at or
200 t o hapengswriliwdroagdityedrin peods} As shown in Figure 2, in this
enbodi . . . jat . LIS 3¢ 3 htion
canpl ¢ TGt d S hpdhentaty (ARSI A SRR 2Ry it o RRA0e 30160
coupl e, 20043p P@0-4etnsle 2RO baned raRléipRyAtamd REQ. pokty 7N sepdigtomsadiol inglifforent
tenperature sensqrs 314 and actuators 341 is routed to housing 360. The

3
i nf or ne P ZHOoui2 &d> & 9-R> 2Pt Bavedbe sype gadii Rope Ingapesularvineaglt goep 27 Ay
fluid 22 th | t ; t . it i R i B h 216;
the. st 2020 2na has F1 T amdBl B gt o A R e o ot
cool i nglraiepocte2y 742 0/1 6aind Howeeveie ipethat enisodifnentonghis orificed ZasfBeparhiiows 2170L03) ,

[ .cated f [ 3 | d difi I
{1 ui o 103 AGCHoRPA CALda2EamAibao? Hy 1460 bea HECTWAEN: Bar BUHaR
[ 0089] j3ekeny 'oFQeﬁaPé@bﬂs975'1198{f%§er@'g§mg§‘E‘?O-@%zﬁﬁmmﬂﬂ(ﬁ@-@%g%& Heg% iﬁ&:%npr

nore cool ing devices 220 are turne n wth actuator(s) , and valve 321
f or eachdioBerat Fagexmoylé, the dediicB2220 das omidiced 27 el separdtére 2Peinatiffposi ti on

i th actuat : |t ling fluid 221 fl t hr.ough . val
321t o BBl R e 62 70T it el it P it R b QR PGB A0 | 5
r educedipwhi® ahe PRBHPR U} 6f @fairCets 279 Jlstpelatdr D 70tin Ufe@édi Houwps 3709, pr@ber abl y

between 38 and 42 F. Inlet tenperature sensors 314 neasure the tenperature
of cool37Rdp, R dridamapdecatase fosx gopp-H)-gwnd nyadegiaad it vardnper at ure of cool i ng

fluid tp ol et's .t onal ing_deyice 0 uRYy-be t d on,
an- operysh R eBuioRh e, FRERS IR EORRh Ra gy SSaifte AP T alt 22
cool i nghigadud cied 16wel ¢ndaawicappa? dTB40, had ithar §ane d 50y sefaelifd ffRehtess
achieve the desired tenperature for, cooling fluid 221 at inlets 213.

Cool i ng7P1 shagers 2290, datlles| 24, Byd serprinig weond dhird2ughdaptfighpuin2dlgre

inlets j | ' r iall o]

i nsul at1 ng chanber 2 to outlet , / P 1 4
R N e s C

wher e anahberg270,spacc?2290exnd bafflepa6@tiddingl® @nghs rod RO nadfthus, dn 2Rkl fdraws

t hrough i nsul ti(ﬂ% ﬁharrber 216, it _ci)rres into contact wth conduic£ 2%;.

Si nul t &ABSESPPICA RABERTiOPBREg L sialy vige dheaplorg 1aH34G Fopunnsaerd &b bul k

decoke f I AR 1 rd : :

uncondit{) ilﬁge&dé{((jiecoké %ﬁﬁ?%@ﬁg?ggﬁgiﬁdﬁgﬂpéﬁﬁ y Hgganger?gﬂn%glﬁ g‘{ag(r)% S%Ceht ween

350 andhat@le Weightiof lafen 280,gap@ating seabersii7Ohspacere 280 synd d Etks 240 matwdlht e

matter. Th ncondi t.i oned coke fluid s le 1 nters inlet 101 at the

| ower éﬁ%ﬁsgg%ﬂ aélfaﬂgélbgp‘é’f“ff&ﬁ%%gs@%@lt%‘ﬁﬁ%gﬁﬁmfq“g\]/%égil'hr ouglh separ at or

assenbl o788 Oncbigs n@ond Uistth2added Snth NowSNERCE40M Libpdp b 2408 oFel: drl@dy col d
a

cooling fluid 221 and the relatively hot decoke fluid stream 10% :
resul t 24Rdnexiallninsewed pbceansrabibrombbeis?ddiof 108er plata 2p@randaad 240 ist dxéalhyml

energy | ( i r 101..1.s_transferred. across.condul 4 and
into c&gp?%&% ?ﬂ%}l %gugﬁ ]{bﬁge?%%yg?tﬁé?végrsﬁﬁ% fspeaxtlael%paeb}lgst %Ii‘sgm%;ﬁiclo%ﬁ?%r fluid
221 as entl MDaeS Nookit,alipper dendn paois dfhmp?@h jodsP4Rti ngitlyametedifio @@ntal

decreasjng the tenperature of decoke fluid stream 101 as it noves axially
upwar d thiepghhyse 2dp artalosrer-naosk sepajatonmember GY/Re pnduspd 240t ineaxialiypedvaneade of

coolin s ' t Ny ' i '
axi al |y Gei SrbE bR £ A8 ol %lﬁgf’é’ﬁ ity SRl pRCERF P 1
wannest at outlet 214; and the tenperature of decoke sanple fluid 101 is
greatest at inlet 231, decreases steadily noving axially upward through
separator assenbly 230, and is coolest at outlet 233. In this sense,
separator 200 operates |ike a heat exchanger - noving thermal energy from
decoke fluid stream 101 into cooling fluid 221. The tenperature of cooling

NS A N T L e |



[ 0091] As best shown in Figures 3, 5, and 6, after passing through | ower
cold plate 250, unconditioned decoke sanple fluid 101 encounters the

pl ural it ywofos@parat or nmenbers 270; unconditioned decokecsamspdia/obisps d 101
first encounters separators 270 of group 270-1, foll owed by separators 270
of gro a%;agl' r f =13 glﬂg 1.n ks 270
of gr oﬁg yézléd\lﬁdﬁ&gieﬁg?g% ggj%c?%n%ﬁ ?‘I)Ige(%zgfélcgﬂe Ii)Ir)r%l ZIII Iégﬁgg%%tdﬁlg?% ree
t o fl owepdraidugmegherso?2i(f incas alkefhatarpdfashion vatihalp did sepaiifing inGelpas av®rre
menbers 270. Ho , .due to the inverted cone geaqnetry of each separator
menber SYEICH 48 TeiheHhaft PBsvath kO eh w1 R 2010 IXIR)Y SIS PP it o
and enGAYAL&S 976 Bk JroNeibiyBNitiGRRAE BitREcdTRIBRA: orfefiPatiots SNBIEARD ?ho RGY t1on
of unconditioned decoke sanple fluid 101 is urged to nove radially outward
by fr uskepedrihwaghbaeel’SsefistparetiBZBembers 270 esiteyed,tand thej sapatayingfinembers

di L decok le flyid.101 i |l i ded. or f | ed
F ovar d GaRe Jrro S FAN i 5 U e TP o sl ey Firisdh as 9808t Tie
| over - nagtlas 8RSkt AL ogﬁmﬁ&z 076 rRnk @gpﬂﬂbi hRAfd:r 426 ek8tiwaPhe ahfuhd 101

primarily flows through gas orifices 276 of the renmining separator nenbers
270 si meentabenred gha ey yrifises Z6onbiceveynethet sspitatos anpmberf R0 dis omdom.

i nh I ' axi al | d ple fluid '
or 11 caensolfAHlS e bloRif, Bt ik oRGE Ry BIReR: borihdind et 8™

orificeapviigbe® otifiecN@Fb FUBCHSSiMe s6pdiALEENARODEE RiG8vellyORIZ] ard HAd ar to
| ower plate 250, the tenperature of separator nenbers 270 1s |l ess than the

t enper dreRabilgy afrysrdseprBHEdnaabeke’ s hapng gry oriiceso276 with dhgrprae pngilar 101
flows nenbers 270, thermal energy is transferred fromthe
rel ati @g&g&%ﬁ%@@&%@%&% fluid 101 to the relatively cooling device

separ atjesoneadgesiodsd desuibed He theapeodanentehoin $afiygueest andd7, klpldediteases.

As the tenperature of _sanple fluid 101 decreases, contam nants 102 ([i .e.,
wat er SFPRTRERE, JROASFo S A} BEayangediiptor grogBnRddde 20 ZdP1 Rl iWhsry thieavy
i quid geaRl [ , [P g : ity
donnuar e o Sy B ol R R AR mA 27035 9% b Vg
menber sh@m@nbdrtand radibsiRiye ofjgpy edfias €A6 v sdpapding incanhtate2 Thint Effeient ganp e

fluid 101 econe captured.in such dropl efs and, fl ow axi ally_ downward

{ bt ougHr AT e o LB A R SR O ot R0 s e e P RU % B i

al ong syrhaeRRr & Whiock ABe 385hrithF RISHDAT Bi0N1B Alydhcdd bnfoCrold D48 toRIcRiSe 4R0. and
then flow axially downward through bores 255 in |lower plate 250 and outl et

232 badclesirgsk arangemigni] &f greersk7 0k 1,478~ 278 &m2 7HdweSperificaldy, soparator mentbsrs1 02

coal es apd. drain, the remal ni ng. unconditi.oned coke saml e f.l.ujid. 101,
o oh 10 Bt SR shlfe & R Rn BRER 27 b ooy b5 8iPef B0 E oL bifer
cont amsegdthtdr MétbeSO0 ddsamel andicohi@iiRed PaIsE il BFRPATOIR SePdrhiol GRIbEAS.
[0093] Referring nowto Figures 3, 4, and 6, after mgrating upward in
separ at’dP desigapdhiapd 28@%?%@‘%‘@%68@@1@)@7%@@%1 b plaged ogaad @U0s belers 276,
uncondi . i 1 22P /
encountsgﬁ&ggfgﬁggéggg@%%&%ﬁngu%q\ﬁ@gﬁ%ﬁ CIOIPgIgS ,l%t %III’I ?@#a%@rzg%%&%%ol i ng
fluid 22dmbers R7G dbdgncdandnantigire ¥or, udehia 2T(RS wheuldbepiqrad ahabd ageenbl y
230, and 1tlhesterrpergat re of u%grgndi tIlonedgr?mgoke sanpl eefl uid 1101 i s | owest
pr oxi mectp SeArANMoBbe's ZBQﬁqugsedz’@é,coaffwﬂ'afggwwnagreu@%m-‘*-| n additi on,

si nce orfd frl. ¢ - : . by i r r]ﬁﬁﬂ@ 7

prefergﬁIﬁy &%%%ggd% ZI’?I OgIglfgI er?nIg’ %IIIEIJ g?%%@??@oﬁl%ngout gégégengg,g&glf,S,

235, agromesyradict ithbedohad end kppeampitesephmatod hehben 2Tatie positpovaxidor hod 2gh,

separator ass ly. 230, . it is force C e directjons alo a tortuous
pat h. ASCHdBE s TR PP fgﬁﬁﬁve&g&o&@a@ﬁffﬁgn R dipger |

gr adualjqgh deer 65 t1a0Ggdaee RESSTURGt Bherinsandifitne $rateGskeosaed § iyl vi d
101 gradually increases as it mgrates through separator assenbly 230 from

i nl et 28ncave waabe6238cinggwnwahd Freeemlinet 841 and dirdli baftinelbOdae akéallyanpl e
fluid 1a81 I S

I, el I d,. nd b, .which i I
the rogh o SRR o bingErosd fuf P o0 R BRUIORB RS hiat e il %4 & °°

101 andrsgpae ahper-Boseupdriito? 3bnitee 270NaRL conthasairfes dbl iaeiafly kbR Gebdifl
nol ecul es i n uncondi ti oned decoke sanple fluid 101 cl oser together, thereby

enhancityy 2t he Aseeidinglaisceand i Arté seaniems dhe axigl seppiation af et betid 2ahand 102,
Thus, t 3 ' | ti;Qne i 1 t did
not cogﬂ%gﬁgggﬁﬂig%%%%?%gmﬁggggﬂ% gg%5gN??&%%§f§@g§&§gahﬁg%n |f?%£§%“€ecoke
sanple fluid 101 encounters baffles 269 and upper plate 250 and fl ows

t hrough gas orifices 266 and bores 255, respectively, resulting in the
final transition of unconditioned decoke sanple fluid 101 into conditioned
sanple fluid 103. Upon exiting bores 255 of upper plate 250, condition
sanple fluid 103 flows through outlet 233 of separator assenbly 230. [00941
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[0095] In the manner previously described, unconditioned decoke sanple
fluid 101 is gradually transformed into conditioned sanple fluid 103 by the
gradual swpaoatdserzzand renoval of contani nants 102. Contemiusanti®2802 are
continuously separated and renmoved WD 2011/097122PCT/ US2011/ 022824 from
uncondiy, f S ] tes,: 4.
assenbﬁ%ﬂgg%g)%?ﬁﬁﬁglh g%#%ﬂéhy%ﬁF%ﬁﬁbﬁl?Lﬁg%%%@gggﬁmggs%ﬁ%@é%ﬁ@??@%%%" as
it novesefetibbugiensepaitiatarcaes sefidsk 62 B@ingdrovisean kinifdr to Arst 83ffie260escl i bed

as "congditioned’ upon exjitin parator assenbly 230, it should be .
apprecE&?@haﬁwgpo§g@5ﬁ@ﬁhbﬂﬁgn§ f”ﬁ%Cﬂ%ﬁﬁﬁﬁﬁggfééﬁd??P%HBW”@Fo “iﬂgﬁ%ntire
m gr at i 24 DROUGERERBIALer 368 2ADb Y¥nd 3BvarRBd alohg 3bd LG WiBE |t axegRditutoned”
state UEEn exiting separator assenbly 230 via ou%let 233. [ 0096] "Ref eni ng
now t o tHirdjbaile260asSegprd/ et lyandetbisd inoe 4! s¥ish e noBp@saoyjuees radthds-2G0ne

i nf ti | at,ing., t th t f |.i | ui d 221, at h
i ot 34 byl 20bal Sl e Goh AERERE, Mt pBETeih GRS 65T g
chanbernafld;260 hdtspacetcramematebé®ceh. COARL thueihatt 23T @rdaded BntbQppat erfdut | et

233; (%? t he status and position of each valve 321, 322 (e.g., open,
cl osed,248b.cupper gpd) 240 it trdaldy Hsededband ac&wn@@bﬂlirwhd@mr@letmhbetegz% oh,

off, e dii.t4 | ] val a ol i deviges 220
i th aoPedrhd 238 ni R Aol O B et TR B PR OB S 1 g
t he t enpepaditicieedoduch abati ¢agh faxinllg abals apper Plaé 95 Lihercbhimiiniamibg the atihlows
system 300 to control the tenperature of cooling fluid 221 within

i nsul athopgor REpRY P1e23hd outl et 214, as well as control the tenperature
of sa f lieds; t thar. ' : e 3 it h
act ua{rgé(ﬁ%JB;,g f%?/lg % %#WB 0 sécjaipfgfg{ ieﬁﬁto#lﬁcl(’g t?fgﬁ%%éﬁ%%ﬁgﬁl%@v{e})ﬁfonc%ﬁ I tOi oned
sanpl e shtluthdt HO&ded appargenti 2did sripadaixdilly2@Bvdrd fione fidthws 24 BalTheqhicpdeint .
Further, as previ descri bed, the separation and renoval of )

cont ani*AAES p30d 5%4%%%%%#3&1&%&0@8& OFAHFENE PUOHNIEEPPTS B Paling om
the coghichl MkcadB 4P iHEARE IndappbLerdd Mod té—%nig'ufh@é RASIA0IpTaRE 286 Snghike Of
uncondi tioned sanple fluid 101, "and the coal escence of co%tanlnants 102

i nt o |i20i ahdckeppiating membesr Wionmlupled ttheretoe fve eadmple, afcemeadai thivppederdecoke

l e fluid 101 i t, m t h t nb 23
por t aPbre FRFedy OLTREBERSR) brn Bl B B Bk Yon R ERp et e st e
uncondinhdrRttes 29 GRIkE coRtR B34 fodinthidQAacs an@lor TWahingi (pRtdiins emtgasedrddn
separator assenbly 230, then there may not be adequate separation and

r enoval248f pladast adF.nbatles £09. ang tseparating,iidnghesh 278 eipter sondnt 234 folowirgl of

' ' f |l y. 230 b
Foul od "Srat na BRI RTER AP RL. AR PLycRE AR PR RF PRI i

i nl et s eRdBe irampvad o€ rad 40, Pated 250)@dfthetdgoe mnBEpanting ZndmbeFIRF0 bEAPE AL Ur e
range for cooling flujd 221 results jn sufficient heat transfer from
uncondi®aipigeance dheoe cepping operatiprs withowiecessitalingdhe spneval ofperduiiud3d etor
uncondhﬁ&ﬁﬁf@sﬁgp@&ﬁlfluid 101 (i.e., a tenperature sufficiently lowto
achi eve the desired separation and renoval of contam nants 102). In

parti cuioas], Refadopitagk td WHighre 12, ehmpnmpeniddritigeaie toveih s3&emnd0® thchudeesul t s
in a conditioned decoke sanple fluj.d outl et tenperature between 60 and 90
FoIf 'alftéfrPEé?@PEFPB‘f%ﬁef’éBn]g} P gty of oot capigaGs, o Dlygali ) oo bee by

cool i ngclubidtd wWitkiflvork together to monitor and control the conditioning of the sampled fluid
within separator 200. The information acquired by system 300 in the field is communicated
to a control room, by hardwire or wirelessly, where it may be monitored by a computer
system and/or plant operations personnel. The control room may be on-site or remote from
the processing operations. In response to the acquired information, the computer system
and/or plant operations personnel may make various adjustments to the separation process via
the control valves and valve actuators.
[0084] In this embodiment, system 300 includes a conditioned sample fluid temperature

sensor 311, one cooling fluid inlet temperature sensor 314 for each cooling device 220 and
21



WO 2011/ 097122PCT/ US2011/ 022824 tenperature sensors 314, is too |low, the
degree of cooling provided by cooling devices 221 nmay be decreased via

act uat or swédiiapdi2er one cool i ng device 221 may be conplretraisyortioprsed of f
via its actuator 341. On the other hand, if the tenperature of cooling
fluid : pnl. e | Ldnle r re
sensor 091 AH FisE 268 ino o TREMLSAY RS shdth 3RS ETPEBIATD, ces
221 maylielifyndraddsiedalwioaliag fluditomperdtite sendbdor3 1épesidonainingoad @22 bbsiatve

[ i 22 b via i ! 341. i
ot ancdd bebiiehabisieal ieondiet 2L oRandibakamms fubbipwetsy st 1T s
condi tipogdndd W dr $RGRIEI 3Ry oF gbﬂar?cgr 000, MOheakiRbs & Mgﬁf"lﬁéﬂ%e%ﬁ |

tenperature of the bul k decoke fluid stream may unexpectedly
cool i ngonditibosksagle fleig 1108 abpeteLBhgEach ermkingtimidcialeh tintiperdsute ssnsol B14 &nnot

achi eve the ferred 38 and 4 ooling fluid inlet tenperature, .etc. I|f
The. ¢ orBeaREl & GRTGEmAl PRt LhRERE I 010 BRI SERRPRGE 050, as
measur egolyy SIS a3 at phitichlsh 16t 23 | Buribed Boolmigalhid Batletabnpiatetd tnkant
quantity of contami nants 102 were separated and renoved, then system 300
can act3d4tie pesitigredsatoort pyoxinel cpolingi Ipidsiuticd 3 14vi and measuees dhe s3pperathieer elby

ounst ot A0, A2t BB 1T rc BF EhRET BRTRS philctnes ety Rl ¥4 10

anal yt idigposddiemi se@sortgoats 22R sty eneinhyd 218 amd 6hit 204 aRyaseRahy it@hsigathrost a
condi tioned decoke sanple fluid (e.g., sanple fluid 103), the neasured

) g. . : .
yi el ds cpaling fluidi 23| Bomingthyoyeh prsotping rlambenglo # dilferont axial pasitiansalongnt | y
di fferentyt Aaatd wﬁﬁ%yghsyields in the cracking furnace. Specifically, as
the tenperature o € sanpl e gas exiting the chanber varies, the neasured
anal yt qoossil Refartihp stiham@egurd £, inhtlisfdmbodimanasytear 306 alop aichidengnatodling

tenperat ure bel ow set paint, then the efficiency of the fluid separator has
i ncr eagtléc,E nl¢f gentrelaiaie 3¢ a0 apypsiafediEvg cogfroh%qqtqr(ﬁ%é|foh%g>pom #%ons

or ot h%oP&lﬁPi%ﬁdih%’éﬂr% {1&ShtloB UG ASaWRI 0 alﬁha%s%&aeé Galve BnfQl diRhE ©
increase 1n the neasured anal yte as reported hy the process anal yzer, which
i n thi $32as@lvescatito) hetngtomnif 1o viapvabyss| 32 e cordtrol denflowasit cooling freidfA20iidto

separat or,.i s .oper at t t er at ur ve. set point, .th addi.ti ona
D o ttingd ARSI e hufhs LIRS R TR T 1S Bhrt Rl et e Tin e up
part ofopbh® SUARIH, lcosRIP i 2 PAHBAS WoBEnPYetib® PIPEES i@ 3N ¥ ZREwedk] OW ng

the heavy hydrocarbons or inpurities to exit the fluid sanpler results in a
vol urmetwlies adiees 6B earofin tahelosaslagasitind, gneling 8yida??lr spsstrietdmandideprgeanted

chromatogr aph.. Il n general, .as e te r r f the conditio decpke
il T, AV RSN evidld D R Bt Sy e b Pl D I B B R o
decr eas@bies 8YEBetinon @i dftRc@pbuifibn efdiHeeN6sed pdbieibn PFARNEEACcathelatie 321 the
furnace nmay not have changed at all. To date, it is believe that this

phenoneidrdanals over agiaser 33de eaphi vabe 1 cae bsurdependestly sgntplled: Fogle corlings,

pr obabl i C T2 G0nvent] J
R T

condi t itlnpaticdané®linde2idd 2209 32 2PCHT WSROI hé dr28pbecesaiqoloing bower output
tenper%ture exiting the conditioning device. However, enbodi nents descri bed
her ei n grepeh cqohiBedsYisnt?dl to enabl e plant operators to account for such

di T T GRRaS \Rle'eGlid NRUIBASHILi £ BNLOND, ABAGAS (BE IR SN eoulifbi AR L he
actual 'yields in the furnace.” In particular, it is belleveg that for every
1 F i ncampkel (3nthrdveght @rtiee £a% wif @egdraton B60.t ilopedicibcokdve aaplie if huiogeddd3

oy opy! S iorREM s aguis, B 3h1 e ssiornrmongie. 25bdl Feaioymttimease
by 0. 2%uipBinf gef.g., v8hytidal hl@e 8RB Weet NEhELIRGE ALY 8 ilﬁfa %magd tp'b%g@ﬁ,

decoke sanple fluid 103 neasured with sensor 311 at outlet 233, 't
meas ur ednditipgddesaspdan dpior 103 is pydteieted pdbprededed fom Bywingibsough 0uB64238nd

nore s ificall crease by 0.2%. Accordingl measyrin nd tracki ng
Che t olog) Stz oRaE MRt Sehiml=Rr L el So R NGy RE RSB0,

pl ant cpematwes th@bpdiet lpogi€ioh Mas ehealbsedl isitRRS Th @ehahl, @¢h EdierolBasMtbRd

yi el ds. [0099] Enbodi ments described herein offer the potential for several
i mpr ovéprEntastuglass ki 38%.ndtamay i begamn quisabelityncont aefualevilpdudingomitbrunpl e,
embodi il fiof SH BRI L GO Phfdthifi dBhfsed dead vol ume as compared most
conventional ‘sanpling and cond &IOHIHS? evices. In general, the dead vol une
in a sanpling and conditioning device“tefers to the total volune of enpty
space within a separating device (e.g., total enpty space within conduit
234 of separator assenbly 230). The rel ationship between the lag tine
(i.e., time for a particular sanple to flow through the device), the
volunetric flowrate of the sanpled fluid through the device, and the dead

o Y b1 - o r 1 ~ |



Vol unetric Flow Rate Typically, the desired lag tine is specified by the
pl ant operators. For a given lag tinme, as dead vol une increases, the

vol unet riwof2bovworebe of the sanpled fluid through the decras2morsases.

However, w thout bei ng Ilmted by this or any particular theory, as the
vol unet f | upd t y h i re

separ at[pdr%;gl el%)?\élmlpe and %‘zg%%gq% F esgn Legdge\??pegg ecsgggogésﬁ& 5114:) ?18

vol unet(eige Falvy 324t ezn)esxuﬂtastuatb1§1(eg§t RSO 8313832184 E) pmmuﬂﬂytdﬂsﬁlﬁebe
device for cogling and coal escenc {19 Consec%uentl it is generally
RE

pref er rSéfatetn&OrQalwa@%ieo%@&q%a& ipak e (@hthe lemperaiyin Qﬁ@p}ln& ﬂmdo%@lraéteéch 0

achi ev t I t ng
devi ce(%ll}l'%lt F%lahgﬁlﬁ&szé%?%g d(g fqtléerglag&%ﬁﬁﬁélﬁ %@étg&fgi condU| {{Vgéﬂ
pi pe, tihketg b]t3a¢ndd«aalét Q4 L(h)athestempmanmda bf/ccomimdmd cudple fbfid abﬁuat otitet@83] i ters

(3 L). or sim arI vice in ag cor,dance enbodi nent s
descri tﬁéfaéﬁl%andt%mcoé‘t Ieaﬁl% g?ﬂnséa (J§ -Bo PP’ ?ﬁeée‘?tcgyf “gltf&}{]fl eSAEYSNd a
hal f |'5f9éa§h @aoﬁlgLaew&eOiﬁple 8. no@d@ftét@y 1 288665 A5 dorlRMh e/ Ph1yaE3 LORRAT ed
to simlarly sized conventional sanpling and conditioni ng devi ces,

enmbodi n@nhsg dbsrmesb@@ methe aetugiory Bdb BALr aap@zﬂlvslur fsystem Q@ is capable of

2011/ 0971 t S2011/ 228 ai} JL&‘{ gf ﬁt ?(i? I} hetcont m nant s

W t hout“°B P é‘gl %"t‘%ﬂ % Hi ©0F par £ LOFS T endbich 1 Wéladoévétséf?te%e
avai | abjop ®UEhaeE iR Rapefhtird ©fSRORhE MHidANg] GaMsh tiﬁsqwuﬂg devbee214 b af eat er
t he coal escence and the greater the separation efficiency. The total

sur f aceoullebalbrast well 88 sentrolelbt teiaprsatyreool shseple rﬂum@slmcdﬁﬁe nttilbfathedewi ces
i's about r t P VI ce in
nocor annaddfinkiefie, S RYE sl SLTRORER" ool QophCldr Vohidoing ihe Y EE, L'

baf f | eSc,on@ﬂuahaBsanqﬂ@ﬂhldplros\ﬂdsbﬁngﬁbﬁt ghadtor 280 € ﬁlléﬂ@w(ﬁﬁtr@hpbtiulﬁm&ﬁ4 in. 2
[010 reviously described, nai ntenance and cl eani ng_ of

convent[P‘B‘ﬁgl Asghonn Wdigwe 2 Shiiit ‘?%W%e@ewl@@%32rleé@u%raés‘é’l%@ﬂwﬁt‘éﬂtt@sr3é hoval

of the % t he
st eel n%ghhrgcg(éé{d%nme %ﬁlp gﬁgald wever P %&%@E?ﬁs@% W%%st%%q%ts)gcg %ﬁéﬂ%ﬁ%ﬁ? er the
pot ent icupledto egsirend ao@esﬁsepmdtmom Enﬂhmethe lcablpay for culpRratmeuthwis 2BB may

be accessed b{ .gggoupl i ng upper. fé@& ﬁ fromthe adjacent hard re An
ext r actiOf BEIorTIYT ETaRicH 40 Bhvsing bon PRRALIOB I BRIV 5 Sy 248 U und
used tQhP%lhp&Qﬂle?‘é@ &Bﬂn@lfﬁﬁ@%ﬂ@g inR& bh £Sa26et SPACEHE \gﬁgn @0 ating

separat or nenbers 270 coupl ed thereto out of conduit 234. Once rem)ved from
condui tcha®bher 269 thd(staamdar;dl pestton280yaled 32132260 ¢ smasené c20ling aoder of

e e e SR e Y R

[0102] fReh@bidin@360 td the tOntkdIGUEB, #ad sAUItR sERPlc FABVODE] QhdhusidsBd | ko and
condi ti oni ng devices that provi de no i nsi ght into the sanple tenperature,

t he st dousingpoe keths sapnbleemaeahipmoendi ti oni ng device, or the tenperature of

t he coq sgr . bed nitor and track the te nperature
of coon s ey, ROEA TR, 565 SlumE YR Soer@lo: "Brat Fiosr SR e
fluid, dehes tza(o uge Qfrn@AoN vidohitBgodEVILle andnAlVieh® ISTrtdash @betihig @USlingal ves
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350 and 700° F and is in a gaseous state with some suspended partlculate matter. The

unconditioned decoke fluid sample 101 enters inlet 101 at the lower end 230a of separator
assembly 230 and flows through separator assembly 230. Thus, conduit 234 is in contact
with both the relatively cold cooling fluid 221 and the relatively hot decoke fluid stream 101.
As a result, heat transfer occurs across conduit 234. In particular, thermal energy in decoke
fluid stream 101 is transferred across conduit 234 and into cooling fluid 221, thereby
increasing the temperature of cooling fluid 221 as it moves axially downward through
insulating chamber 216, and decreasing the temperature of decoke fluid stream 101 as it
moves axially upward through separator assembly 230. In other words, the temperature of
cooling fluid 221 is coldest at inlets 213, steadily increase moving axially downward through
insulating chamber 216 toward outlet 214, and is warmest at outlet 214; and the temperature
of decoke sample fluid 101 is greatest at inlet 231, decreases steadily moving axially upward
through separator assembly 230, and is coolest at outlet 233. In this sense, separator 200
operates like a heat exchanger - moving thermal energy from decoke fluid stream 101 into
cooling fluid 221. The temperature of cooling fluid 221 at different axial positions between
inlets 213 and outlet 214 is measured with the remaining temperature sensors 314 in ports
222, and thus, the increase in temperature of cooling fluid 221 can be monitored and tracked
as it progresses from inlet 213 to outlet 214.

[0090] Referring now to Figures 3 and 5, the unconditioned decoke fluid sample 101 enters
inlet 101 at the lower end 230a of separator assembly 230 and migrates upward through
separator assembly 230. Upon entry into separator assembly 230, unconditioned decoke fluid
sample 101 first encounters lower plate 250. Within separator 200, unconditioned decoke
fluid sample 101 has its maximum temperature at inlet 231. Lower plate 250, being in direct
and/or indirect contact with conduit 234, has a temperature that is less than unconditioned
decoke fluid sample 101 at inlet 231. As unconditioned decoke fluid 101 encounters lower
plate 250, it is cooled as it contacts lower plate 250 and is forced to flow through bores 255 in
lower plate 250. Further, due to the radius Ryss of bores 255, some of the relatively large
particulate matter in unconditioned decoke sample fluid 101 is restricted and/or prevented

from flowing through lower plate 250.
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a separator assenbly coaxially disposed within the sleeve; and a
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sample fluid 101 moves axially upward and encounters the lower-most separator member

270, a substantial portion of unconditioned decoke sample fluid 101 is urged to move

radially

outward by frustoconical lower surface 272. As a result, the majority of unconditioned

decoke sample fluid 101 is generally guided or funneled towards gas orifices 276

. After

passing through gas orifices 276 of the lower-most separator member 270, the unconditioned

decoke sample fluid 101 primarily flows through gas orifices 276 of the remaining separator

members 270 since the relatively hot unconditioned decoke sample fluid 101 inherently

wants to rise axially upward, and sample fluid 101 exits gas orifices 276 at an axial

location

above drain ports 277 and below gas orifices 276 of the next successive separator member

270.

[0092] Similar to lower plate 250, the temperature of separator members 270 is less than the

temperature of unconditioned decoke sample fluid 101. As sample fluid 101 flows across

separator members 270, thermal energy is transferred from the relatively warmer sample fluid

101 to the relatively cooling device separator members 270, and the temperature of sample

fluid 101 decreases. As the temperature of sample fluid 101 decreases, contaminants 102

(i.e., water and heavy hydrocarbons) begin to coalesce and form relatively heavy liquid

droplets, which begin to drain and flow under the force of gravity downward along surfaces

271, 272 and through drain ports 277 in separating members 270. It should be appreciated

that particulate matter in sample fluid 101 may become captured in such droplets and flow

axially downward through drain ports 277 along with the droplets. Contaminants 1

02 flow

along surfaces 271, 272 and through drain ports 277 to lower plate 250, and then flow axially

downward through bores 255 in lower plate 250 and outlet 232 back into the bulk decoke

fluid stream. However, as contaminants 102 coalesce and drain, the remaining unconditioned

decoke sample fluid 101, which has been at least partially conditioned by the removal of

some contaminants 102, continues to migrate upward through gas orifices 276.

[0093] Referring now to Figures 3, 4, and 6, after migrating upward in separator assembly

230 through separator members 270 via gas orifices 276, unconditioned decoke sample fluid
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4. The fluid sanpling systemof claim3, wherein the plurality of separator
menbers are arranged in a nested with the inner recess of each separator
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proximal outlet 233 and upper end 230b, which is also the region at which the temperature of

unconditioned decoke sample fluid 101 and separator assembly 230 arc lowest. These
conditions bring the molecules in unconditioned decoke sample fluid 101 closer together,
thereby enhancing the potential for coalescence of any remaining contaminants 102, Thus,
any contaminants in unconditioned decoke sample fluid 101 that did not coalesce on
separator members 270 will coalesce as unconditioned decoke sample fluid 101 encounters
baffles 260 and upper plate 250 and flows through gas orifices 266 and bores 255,
respectively, resulting in the final transition of unconditioned decoke sample fluid 101 into
conditioned sample fluid 103. Upon exiting bores 255 of upper plate 250, condition sample
fluid 103 flows througﬁ outlet 233 of separator assembly 230.

[0094] The coalesced liquid contaminants 102 on the upper-most baffle 260 will tend to flow
radially inward along surfaces 261, 262 drip onto the upper surface 261 of the middle baffle
260. The coalesced liquid contaminants 102 on the upper-most baffle 260 may also flow
axially downward through any gaps between rod 240 and upper-most baffle 260 (i.e., through
central bore 265). The coalesced liquid contaminants 102 on the lower two baffles 260 will
tend to flow radially outward along surfaces 261, 262 and drain through any gaps between
conduit 234 and radially outer surfaces 264 into recess 278 of the upper-most separator
member 270. Small quantities of the coalesced liquid contaminants 102 may also drip
through gas orifices 266 into recess 278 of the upper-most separator member 270. From
recess 278 of upper-most separator member 270, liquid contaminants 102 drain axially
downward as previously described.

[0095] In the manner previously described, unconditioned decoke sample fluid 101 is
gradually transformed into conditioned sample fluid 103 by the gradual separation and

removal of contaminants 102. Contaminants 102 are continuously separated and removed
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11. The fluid sanpling systemof claim210, wherein the baffles are arranged
one- above-the other wwthin the conduit, and wherein each baffl e extends
radi al | y weteman7t2be rod and the conduit. 12. The fl ui @csaspdiingssyst em of
claim 10, wherein each baffle is axially spaced apart fromeach axially

adj ace o : | [ ' %m% inapeach
baf f | erflgor#gl%&g%?%méegsdeg%f J|a(l:ljgJ 1%F§§m| 2&9 ﬁ?{%ﬁlgg I gglggéye%ajt%uars ac (31951228 a
cent r al Althmugh glamipby SutdhB] isedsicnies] shéumapgidoned” ad. it hvEhehiblhgh demaatpt | ng

t f claimni12, wherein the plurality of baffles conprises a first
bat 1 0 SNV 008 FURBE Britdtnts deneitetipth LOBIREHb oIROn SRR SARITHRE £ o
axi al | yasRagily 2906l sRd bR BlppiciRtddRRS safiite alidt hR 8 tgpmﬁn%'ze:@eig% ag%@' rd

baffle axially positioned between the first baffle and t 2 | e;
WD 201 1ifs08Tite 2RgRtivs2nuglo 3g8eator assemiphe? ), rantlHe af iits gnoshAbdriditiened"” tstage
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| ower pl ate di sposed about the support rod proxinmal a |ower end of the
suppor tinfos@atigieelating ip e the tempeeraiuspefsweling duid 2Heatsaaphsrlet 213d optlasildal t he
upper end af qiffert uRRQ" f)osrit?oq‘is within insulating chamber 216; (b) the temperature of
conditioned sample fluid 103 at outlet 233; (c) the status and position of each valve 321, 322
(e.g., open, closed, etc.); and (d) the status of each cooling device 220 (e.g., on, off, etc.). In
addition, by controlling valves 321 and cooling devices 220 with actuators 331, 341,
respectively, system 300 is capable of controlling the temperature of cooling fluid 221 at
inlets 213, which in turn allows system 300 to control the temperature of cooling fluid 221
within insulating chamber 216 and outlet 214, as well as control the temperature of sample
fluids 101, 103. Still further, by controlling valve 322 with actuator 332, system 300 is
capable of controlling the flow of conditioned sample fluid 103 flowing from separator 200 to
the downstream equipment. Further, as previously described, the separation and removal of
contaminants 102 from unconditioned decoke sample fluid 101 results from the cooling of
unconditioned sample fluid 101, increasing the pressure of unconditioned sample fluid 101,
and the coalescence of contaminants 102 into liquid droplets. Accordingly, the temperature
of unconditioned decoke sample fluid 101 as it migrates through separator assembly 230 is an
important factor in the separation process - if the temperature of unconditioned decoke
sample fluid 101 is not sufficiently decreased in separator assembly 230, then there may not
be adequate separation and removal of contaminants 102. Without sufficient separation and
removal of contaminants 102, equipment downstream of separator assembly 230 may be
fouled and/or damaged.
[0097] The temperature of cooling fluid 221 at inlets 213 is preferably maintained between
38 and 42° F. This temperature range for cooling fluid 221 results in sufficient heat transfer
from unconditioned sample fluid 101 to achieve an acceptable temperature for unconditioned
sample fluid 101 (i.e., a temperature sufficiently low to achieve the desired separation and
removal of contaminants 102). In particular, a cooling fluid inlet temperature between 38 and
42° F results in a conditioned decoke sample fluid outlet temperature between 60 and 90° F.,

If the temperature of cooling fluid 221 at inlets 213, as measured by cooling Ifuid inlet
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16. The fluid sanpling systemof claim15, wherein each plate extends
between the rod and the conduit and includes a planar upper surface, a
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cannot ach1eve the preferred 38 and 42° F cooling fluid inlet temperature, etc. If the
temperature of conditioned sample fluid 103 exiting separator 200, as measured by sensor
311, is sufficiently high, such that an insufficient quantity of contaminants 102 were
separated and removed, then system 300 can actuate valve 322 to the closed position with
actuator 332, thereby restricting and/or preventing conditioned sample fluid 103 from flowing
to downstream equipment.
[0098] Referring still to Figure 2, in many analytical devices that measure ethylene and/or
propylene yields from a conditioned decoke sample fluid (e.g., sample fluid 103), the
measured yields (e.g., ethylene and/or propylene CC per minute) are often slightly different
than the actual yields in the cracking furnace. Specifically, as the temperature of the sample
gas exiting the chamber varies, the measured analyte value will change. If the fluid separator
is operating at a temperature below set point, then the efficiency of the fluid separator has
increased, thus resulting in the removal of additional heavy hydrocarbons or other possible
impurities, such as water. The result is a volumetric increase in the measured analyte as
reported by the process analyzer, which in this case is ethylene and/or propylene. In contrast,
if the fluid separator is operating at a temperature above set point, then additional heavy
hydrocarbons or other possible impurities, such as water will make up part of the overall
sample to be measured by the process analyzer. Allowing the heavy hydrocarbons or
impurities to exit the fluid sampler results in a volumetric decrease of the measured analyte,
as reported by the gas chromatograph. In general, as the temperature of the conditioned
decoke sample fluid 103 increases, the measured ethylene and/or propylene yields decreases,
even though the actual ethylene and/or propylene yields in the furnace may not have changed
at all. To date, it is believe that this phenomenon has not been recognized or accounted for
by plant operators, probably due in part to the fact that most conventional \sampling and

conditioning devices do not measure or track the temperature of the conditioned decoke
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a second val ve adapted to control the flow of fluid through the inlet of
the annul us; a second actuator adapted to control the second valve; WO
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an out le@try 1@Mdecrease in the temperature of conditioned decoke sample fluid 103 measured with
sensor 311 at outlet 233, the measured ethylene and/or propylene yields decrease by 0.1% to
0.3%, and more specifically decrease by 0.2%. Accordingly, by measuring and tracking the
temperature of conditioned decoke fluid sample 103 with system 300, plant operators can
utilize these correlations to correct the measured yields.
[0099] Embodiments described herein offer the potential for several improvements over
existing sampling and conditioning devices. For example, embodiments described herein
provide decreased dead volume as compared most conventional sampling and conditioning
devices. In general, the dead volume in a sampling and conditioning device refers to the total
volume of empty space within a separating device (e.g., total empty space within conduit 234
of separator assembly 230). The relationship between the lag time (i.e., time for a particular
sample to flow through the device), the volumetric flow rate of the sampled fluid through the

device, and the dead volume of the device is as follows:

Dead Volume
Volumetric Flow Rate

Lag Time ~

Typically, the desired lag time is specified by the plant operators. For a given lag time, as
dead volume increases, the volumetric flow rate of the sampled fluid through the device
increases. However, without being limited by this or any particular theory, as the volumetric
flow rate of the sampled fluid through the device increases, the separating efficiency and
capacity of the device decreases (i.e., lower volumetric flow rate results in high pressure and
more time within the device for cooling and coalescence). Consequently, it is generally
preferred to have a lower dead volume and lower volumetric flow rate to achieve a particular
lag time. In conventional sampling and conditioning device utilizing a series of steel mesh
pads within a fluid conduit or pipe, the total dead volume is typically on the order of about
three liters (3 L). However, for a similarly sized device in accordance with embodiments
described herein, the total dead volume is on the order of about one and a half liters (1.5 L).

[0100] In addition to decreased dead volume compared to similarly sized conventional

sampling and conditioning devices, embodiments described herein provide increased surface
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an annulus radially disposed between the sl eeve and the separator assenbly,
wherein the annulus includes an inlet and an outlet; a cooling device
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adapt eqofoq] P ERbudiPReddibed, M@hiBance and cleaning of most conventional sampling and
conditioning devices require a complete removal of the device from the upstream and
downstream conduits and removal of the steel mesh pads one-by-one. However, embodiments
described herein offer the potential for easier access and maintenance. In particular, outlet 233
may be accessed by decoupling upper flange 203 from the adjacent hardware. An extractor
tool may then be threaded onto upper end 240b of rod 240, and used to pull rod 240 and plates
250, baffles 260, spacers 290, and separator members 270 coupled thereto out of conduit 234,
Once removed from conduit 234, rod 240 and plates 250, baffles 260, spacers 290, and
separator members 270 may be inspected, cleaned, repaired, replaced, or combinations thereof,
and then reinserted into conduit 234 on rod 240.
[0102] Referring still to Figure 2, unlike most conventional sampling and conditioning
devices that provide no insight into the sample temperature, the status of the sampling and
conditioning device, or the temperature of the cooling fluid, embodiments described monitor
and track the temperature of cooling fluid at various points, the temperature of conditioned
sample fluid, the status of each cooling device, and the status of various valves controlling
cooling fluid flow and conditioned sample fluid flow. In addition, by controlling such valves
and cooling devices, embodiments described herein enable control of the temperature of
cooling fluid and the sample fluid.
[0103] Although embodiments shown and described herein are discussed in terms of
conditioning a decoke fluid sample from a hydrocarbon cracking operation to determine
ethylene and/or propylene yields, in general, embodiments described herein may be used to
condition other fluid samples In particular, embodiments of system 100 may be used where
high moisture content, heavy hydrocarbons, particulate matter, and/or combinations thereof
may be present in the unconditioned fluid sample and need to be removed prior to analysis. For
example, embodiments described herein may be used to remove “green oil” from recycle gas or
on a furnace decoke header to remove water and heavy particulates.
[0104] While preferred embodiments have been shown and described, modifications thereof

can be made by one skilled in the art without departing from the scope or teachings herein.
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24. The systemof claim 23, wherein the nonitoring and control system
further conprises: a second val ve adapted to control the flow of the

cool i ng fwoi2dittdoragh the inlet of the annulus; and a secwns2@ateEsbor
adapted to control the second valve. 25. The system of claim 24, wherein
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to the 84P OIFIPR?(%)E?' ﬂ?eea‘[c]ﬁmésetagﬁ' foflgw H%rﬁ?@?e 8&%’@%‘?&8‘%%&) ru%fgfd:ofl 3L cqLyRlentn ot he
suppor tthg gshiettehaido@BdMiths. 27. The system of claim 26, wherein the
plurality of separator nmenbers are axially positioned one-above-the other.
28. The system of claim 27, wherein each separator nenber is an inverted

cone having an open upper end and a | ower end di sposed axially below the
upper end; and
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wherei n each separator nenber includes a gas orifice proxinml the upper end
and a drain port proxinmal the |lower end. WO 2011/097122PCT/ US2011/022824
29. The swetenvofi2el ai m 28, wherei n each separator nenbecTiusediudem2an i nner
recess extending axially fromthe open upper end; and wherein the
plurality of separator nmenbers are @fnggged in a nested with the inner
recess of each separator nenber recerving the lower end of the axially

adj acent separator nenber. 30. The system of claim 29, wherein the
plurallé%>of epay.ator nenbers includes a first set of separator nenbers
havi ng ?V?%@” rer of the gas orifices, and a second set of separator
menbers having a second nunber of the gas orifices, wherein the first
nunber and the second nunber are different. 31. The system of claim 29,
wher ei nl.t he Apiflyidedainpling fystepaoaposingenber s i ncl udes: a first set of the
separator nenbers cqﬂsistin oftﬁour 9gs ?rlches; a second set of the
separator ne '%9§q%% ?ﬁ¥WF§ (ﬁpr?ﬁ¥5§‘§é%3% "#ices; a third set of the
separat or nenber sanGAagatEigisi@ve@f two gas orifices; and a fourth set of the
separator nmenbers consisting of one gas orifice. 32. The system of claim
31, wherein the f4ycperaipspssemblyoasiabr disposed vitimbe slepwe; passi ti oned axial ly

bel ow t he second se ratd ens.: rein the .second set
of the separatindﬁﬁ%%@&?%Q%@§§%%P§%&%§ﬁgggﬁaﬁ‘§@6%?3ﬁ¥$ %apﬂ%¥%n@gt of the
separ ati ng neldaeinshe 8¢ifhrator assembly includes a conduit, a support rod coaxially disposed

within the conduit, and a plurality of separator members coupled to the support rod within the

conduit.

2. The fluid sampling system of claim 1, wherein the plurality of separator members are

positioned one-above-the-other in an axially extending stack within the conduit.

3. The fluid sampling system of claim 1, wherein each separator member extends radially
between the rod and the conduit;

wherein each separator member extends axially between an open upper end and a lower
end;

wherein each separator member has a frustoconical outer surface that tapers radially
inward moving from the upper end to the lower end and a frustoconical inner surface that tapers
radially inward moving from the upper end to the lower‘end; and

wherein each separator member includes an inner recess extending axially from the

open upper end.
4, The fluid sampling system of claim 3, wherein the plurality of separator members are
arranged in a nested with the inner recess of each separator member receiving the lower end of

the axially adjacent separator member.

5. The fluid sampling system of claim 4, wherein each separator member includes a gas

orifice proximal the upper end and a drain port at the lower end.
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wherein the third set of the separating nenbers is positioned axially bel ow
the fourth set of the separating nenbers. 32. The system of claim 30,

wher ei n twe 2gavonefi ces in each of the first set of separaisosiinesbers each
have a first radius, and wherein the gas orifices in each of the second set

of sep ator]gﬁgg e di | ' e t he
first ?%di usT 3@%@@%}%@% \ﬁcoof%;f%oa?lﬁgic’)glﬁg{:c{e?’a%aldggé%ﬁf?dﬁ}aghE%ﬁl?:so# |tél{}§{?\hed
fluid sarghd té t/Omia abdldss fHaniod eqiak ®al16 {b) provi ding a separator having a
central axis and conprising: an insulating sleeve; a conduit coaxially

di sposed within the insulating sleeve, wherein the conduit including an

is Ple::s/ e‘?ﬂ d anmudigbaAfithy systeRtirddidh 25 RAeRth ARASEpAOMhEAGer iR FHARY §fided
’apart from each axially adjacent separator member.

8. The fluid sampling system of claim 5, wherein the gas orifice of each separator member
is disposed at a different angular orientation about the central axis than the gas orifice of each

axially adjacent separator member.

0. The fluid sampling system of claim 5, wherein the lower end of each separator member

includes a central throughbore that slidingly receives the support rod.

10.  The fluid sampling system of claim 9, further comprising a plurality of baffles disposed
on the rod between the plurality of separator members and an upper end of the rod, wherein
each baffle comprises a dome-shaped disc having a concave surface and a convex surface
parallel to the concave surface, and a radially outer surface extending axially between the

concave surface and the convex surface.

11.  The fluid sampling system of claim 10, wherein the baffles are arranged one-above-the
other within the conduit, and wherein each baffle extends radially between the rod and the

conduit.

12, The fluid sampling system of claim 10, wherein each baffle is axially spaced apart from

each axially adjacent baffle.

13.  The fluid sampling system of claim 12, wherein each baffle includes a gas orifice

proximal the radially outer surface and a central through bore that receives the support rod.

13. The fluid sampling system of claim 12, wherein the plurality of baffles comprises a first
baffle axially positioned proximal the separator members, a second baffle axially positioned
proximal the upper end of the support rod, and a third baffle axially positioned between the first
baffle and the second baffle;
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WO 2011/ 097122PCT/ US2011/ 022824 an annulus radially di sposed between
the insulating sleeve and the conduit, wherein the annulus has an inlet;
and a pl uwel2ntiyeof22separ at or nmenbers di sposed wit hin t hecrasdaiitn?2824 (c)
flow ng the unconditioned fluid sanple through the inlet of t he conduit;

(d) flow ng \Qhe(fg th@ﬁrs{ ahttp{ Lﬁ%@o rb%fﬂ@!trg orﬁe@l‘? h Sonve sulfagze
s St e WL e

separating a con anlnan ron1 e uncon i one I'n"the
separ atfacingspenhd, yanHOWMreldUthe sacdnﬂnbhfﬂb anedesadrith flieuddﬂcave sulfacé fficilig ow ng
the conditioned fluid through the outlet of the conduit; g
neasur|¥mﬁ¥£e tenperature of the conditioned sanple fluid at the outlet of
the conduit; and (h) analyzing the conditioned fluid sanple to
estimate a yieId rate for a product in the bulk fluid stream

15.  The fluid sampling system of claim 10, further comprising a lower plate disposed about

the support rod proximal a lower end of the support rod, and an upper plate disposed about the
support rod proximal the upper end of the support rod.

16.  The fluid sampling system of claim 15, wherein each plate extends between the rod and
the conduit and includes a planar upper surface, a planar lower surface that is parallel to the
upper surface, a plurality of through bores extending axially from the upper surface to the lower

surface, and a central through bore that receives the support rod.

17. The fluid sampling system of claim 1, wherein the fluid separator extends axially from
an upper end to a lower end,

wherein the annulus includes an inlet proximal the upper end and an outlet proximal the
lower end;

wherein the conduit includes an inlet at the lower end, an outlet at the lower end, and an

outlet at the upper end.

18.  The fluid sampling system of claim 17, wherein the insulating sleeve includes a
plurality of axially spaced ports extending radially from the outer surface of the insulating

sleeve to the annulus, and wherein one temperature sensor is positioned in each port.

19.  The fluid sampling system of claim 17, further comprising a cooling device adapted to

cool a fluid, wherein the cooling device is in fluid communication with the inlet of the annulus.

20.  The fluid sampling system of claim 18, further comprising:

a first valve adapted to control the flow of fluid from the outlet of the conduit disposed
at the upper end;

a first actuator adapted to control the first valve;

a second valve adapted to control the flow of fluid through the inlet of the annulus;

a second actuator adapted to control the second valve;

34



34. The nethod of claim 33, further conprising cooling the cooling fluid
with a cooling device. 35. The nmethod of claim 34, further conprising

mai nt ai niwg 2bhweteoperature of the cooling fluid betweerc3fsandodB2f& at the
inlet of the insulating sleeve. 36. The method of claim35, further

Che” annul s, 1 it eI THREOAR Al O O 0 Mhityaph dapPi 8o
f | owi ngmedserethe tendictatwa eflthil fluidifl Svaimg tieoti g mughettdmlec.:@mdmstanﬁr om the inl et

of the conduit toward the outlet of the cond uci ng the
t enper at ur e bICCPRE IGHEHIHYE SPERE AosiRNed %@ﬁ*ﬁ‘la]ethﬁ§uﬁlﬁé’fdh% Bﬂlﬂiiuttl%ﬁ?ﬁduﬁﬂehl d

sanpl e &liomg Hzﬁ)ﬁ@d' %) dh%% é @:In %feamIrQ &f ﬁﬂﬁf&“ﬂ&mag throu h(r}ﬁé ?lﬂﬁéé 139 tl{erl‘]%n@# ssure

of the uncon |t|one as the uncondrtio

t owar d dtile wppet @td. of t he condU|t and coal escing the contam nant fluid on
the surface of one or nore separator menbers. 38. The nethod of claim 37,
wherei n each separator nenber is an inverted cone having an open upper end

and a Inver £eekish $RAeRviaycahthdinilsRMnt HEaRB alideBstnpisith:
a fluid separator having a central axis and extending axially between an upper end and a
lower end, the fluid separator including:

an insulating sleeve axially positioned between the upper end and the
lower end;

a separator assembly coaxially disposed within the sleeve and extendiﬁg
between the upper end and the lower end, the separator assembly including an
inlet and an outlet; and

an annulus radially disposed between the sleeve and the separator
assembly, wherein the annulus includes an inlet and an outlet;

a cooling device adapted to pump a cooling fluid through the inlet of the
annulus;

amonitoring and control system coupled to the fluid separator and including:
a first temperature sensor proximal the outlet of the separator assembly, the first
temperature sensor adapted to measure the temperature of a fluid flowing through the outlet of

the separator assembly.

22.  The system of claim 21, wherein the monitoring and control system further comprises a
second temperature sensor proximal the inlet of the annulus, the first temperature sensor
adapted to measure the temperature of the cooling fluid flowing through the inlet of the

annulus.
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WO 2011/ 097122PCT/ US2011/ 022824 wherei n each separator nenber includes
a gas orifice proxinmal the upper end and a drain port proxinmal the | ower
end. 39.woheirmetized of claim 38, further conprising: PpcT/USAs@ozisDg t he
contam nant fluid through the drain port of one or nore separator nenbers
to the inlet of the conduit; fl owi ng the unconditioned sanple fluid
through the gas orifice n each separator nenber. 40. The nethod of claim

38, whepei n BrRGhsteRRACRINA tzzmelm@m thdhﬁbﬁi&ﬁ‘mgatﬂd OB sYRER SEtHRX tanptiges
axially fromthe open upper end wherein the plurality of

separ at or néh%@?§a¥ﬁéd%¥¢bﬁg§ﬁuphmﬁfﬁ@é@%@wde%ﬂpﬁﬁﬁiﬁ%@@hﬁ@téggﬁ@fﬂﬁach

separ at %ﬁ{g%ﬁ |ng the I ower end of the axially adjacent separator
Sglgai §en'i‘tﬁ§ of claim 38, wherein each separator nenber has a

nurrber N of a(ﬁtstaa:tuafouaémtechmwomﬂndrtbéﬁrstwévenunber N of gas orifices of one
separator nenber is different than the nunber N of gas orifices of a
di fferent separator nenber.

24.  The system of claim 23, wherein the monitoring and control system further comprises:
a second valve adapted to control the flow of the cooling fluid through the inlet of the
annulus; and

a second actuator adapted to control the second valve.

25.  The system of claim 24, wherein the insulating sleeve further includes a plurality of
axially spaced ports, each port extending radially through the insulating sleeve to the annulus;
and

wherein the monitoring and control system further comprises one temperature sensor
disposed in each port and adapted to measure the temperature of the cooling fluid flowing

through the annulus.

26.  The system of claim 24, wherein the separator assembly further comprises:

a conduit coaxially disposed within the insulating sleeve and defining the inlet and the
outlet of the separator assembly;

a support rod coaxially disposed within the conduit;

a plurality of separator members coupled to the support rod, each separator member

extending radially between the support rod and the conduit.

" 27.  The system of claim 26, wherein the plurality of separator members are axially

positioned one-above-the other.

28.  The system of claim 27, wherein each separator member is an inverted cone having an
open upper end and a lower end disposed axially below the upper end; and
wherein each separator member includes a gas orifice proximal the upper end and a

drain port proximal the lower end.
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42. The nethod of claim 33, further conprising: (i)renotely controlling the
flow of the conditioned sanple fluid through the outlet of the conduit; and
(1) renot evp 20omor2kl i ng the fl ow of the cooling fluid tkecoagbotihesannul us.
43. The nethod of claim42, wherein (i) conprises restricting the flow of

the congy ti d I i glo t h e dui t e
terrpergzty l'.ll’eOiC:)l %ﬁgéﬁgé)ﬁ Angﬁo%%dmsl%grr%l %&C ISS§ %Ja%? tl?%lfébe%nﬁ flg?&e%:g%n s?gcetsg]

pr edet esxmndag axaiiperont the@pen dgper & angt hod of cl ai m 43, wherein (j)

conpri ses ad‘{,#st_i ntg?t he fl ov¥ of the coaling fluid through the annulus when

the tenper at tEoBrNe PETRYY| AriyPRRIGT dneRbachary srangedin andesiedswiitaths morkeve
falls Guisl 3¢ th QuPRASCHRIBLN REUKEIPEEADHEL e BFthe afially MiBcdRLI0M0!

claim44, wherein the predetermned tenperature range I1s 38 to 4
2011/ 097&ABRCT/ US2011/ 022824

30.  The system of claim 29, wherein the plurality of separator members includes a first set
of separator members having a first number of the gas orifices, and a second set of separator
members having a second number of the gas orifices, wherein the first number and the second

number are different.

31.  The system of claim 29, wherein the plurality of separator members includes:
a first set of the separator members consisting of four gas orifices;
a second set of the separator members consisting of three gas orifices;
a third set of the separator members consisting of two gas orifices; and

a fourth set of the separator members consisting of one gas orifice.

32.  The system of claim 31, wherein the first set of the separating members is positioned
axially below the second set of the separating members;

wherein the second set of the separating members is positioned axially below the third
set of the separating members; and

wherein the third set of the separating members is positioned axially below the fourth

set of the separating members.

32.  The system of claim 30, wherein the gas orifices in each of the first set of separator
members each have a first radius, and wherein the gas orifices in each of the second set of

separator members each have a second radius that is different than the first radius.

33. A method, comprising:
() acquiring an unconditioned fluid sample from a bulk fluid stream;
(b) providing a separator having a central axis and comprising;
an insulating sleeve;
a conduit coaxially disposed within the insulating sleeve, wherein the conduit

including an inlet and an outlet and is radially spaced apart from the insulating sleeve;
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46. The nethod of claim 33, further conprising adjusting the estinmate of
the yield rate for the product in the bulk fluid stream based on the

t enper at we 20fi/mhe2condi ti oned fluid sanple at the outl ecTafS2¢th@2mendui t .
47. The nethod of claim46, wherein the estimate of the yield rate of the

product in the bulk | |-Sed 9 % £.0r
each 1 F i ncreasgal ni Erl]ﬁdtu gdﬁagiﬁgZ?dﬁtﬁl??%d g?‘(”t%ﬁlz?%o%ﬁ%@%é%egﬁgﬂh‘%%@hm t he
out | et of t hehaendhs dnnubedias an inlehsadei n the estimate of the yield rate of

the product in thelb%ik fluid strea is.dechea ed_between 0.1% and 0.3% f or
each 1 F decr easé PIHafiRerfsspgsaphpgmbers disphsed g thespediSanpl e fluid at the

outlet of thg) congihg the unconditioned fluid sample through the inlet of the conduit;

(d) flowing a cooling fluid through the inlet of the annulus;

() separating a contaminant fluid from the unconditioned fluid sample in the
separator assembly to produce a conditioned sample fluid,

€3] flowing the conditioned fluid through the outlet of the conduit;

(2 measuring the temperature of the conditioned sample fluid at the outlet of the
conduit; and

(h) analyzing the conditioned fluid sample to estimate a yield rate for a product in

the bulk fluid stream.

34.  The method of claim 33, further comprising cooling the cooling fluid with a cooling

device.

35.  The method of claim 34, further comprising maintaining the temperature of the cooling

fluid between 38° and 42° F at the inlet of the insulating sleeve.

36. The method of claim 35, further comprising measuring the temperature of the cooling

fluid at the inlet of the annulus,

37.  The method of claim 33, wherein (e) further comprises:

flowing the unconditioned fluid sample through the conduit from the inlet of the conduit
toward the outlet of the conduit;

reducing the temperature of the unconditioned fluid sample as the unconditioned fluid
sample flows toward the outlet of the conduit;

increasing the pressure of the unconditioned fluid sample as the unconditioned fluid
sample flows toward the outlet of the conduit; and

coalescing the contaminant fluid on the surface of one or more separator members.

38.  The method of claim 37, wherein each separator member is an inverted cone having an

open upper end and a lower end disposed axially below the upper end; and
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wherein each separator member includes a gas orifice proximal the upper end and a

drain port proximal the lower end.

39. The method of claim 38, further comprising:

draining the contaminant fluid through the drain port of one or more separator members
to the inlet of the conduit;

flowing the unconditioned sample fluid through the gas orifice n each separator

member,

40.  The method of claim 38, wherein each separator member includes an inner recess
extending axially from the open upper end; and

wherein the plurality of separator members are arranged in a nested with the inner
recess of each separator member receiving the lower end of the axially adjacent separator

member.

41.  The method of claim 38, wherein each separator member has a number N of gas
orifices; and wherein the number N of gas orifices of one separator member is different than the

number N of gas orifices of a different separator member.

42.  The method of claim 33, further comprising:
() remotely controlling the flow of the conditioned sample fluid through the outlet
of the conduit; and

G) remotely controlling the flow of the cooling fluid through the annulus.

43.  The method of claim 42, wherein (i) comprises restricting the flow of the conditioned
sample fluid through the outlet of the conduit when the temperature of the conditioned sample

fluid at the outlet exceeds a predetermined temperature.

44.  The method of claim 43, wherein (j) comprises adjusting the flow of the cooling fluid
through the annulus when the temperature of the cooling fluid at the inlet of the insulator sleeve

falls outside of a predetermined temperature range.

45.  The method of claim 44, wherein the predetermined temperature range is 38° to 42° F.
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46.  The method of claim 33, further comprising adjusting the estimate of the yield rate for
the product in the bulk fluid stream based on the temperature of the conditioned fluid sample at

the outlet of the conduit,

47.  The method of claim 46, wherein the estimate of the yield rate of the product in the bulk
fluid stream is increased between 0.1% and 0.3% for each 1° F increase in the temperature of
the conditioned sample fluid at the outlet of the conduit; and

wherein the estimate of the yield rate of the product in the bulk fluid stream is decreased
between 0.1% and 0.3% for each 1° F decrease in the temperature of the conditioned sample

fluid at the outlet of the conduit.
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