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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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[00071 Mbsheshetribiaidarileedadivo mnm detdcionlsty or dhelitissle pady, arsl Hben dltthankers with
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includes a plurality of stacked stainless steel mesh pads. Dué to the temperature of the cooled
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components with molecular weights greater than 86) in the sampled fluid w elerate, form into
droplets eifitsedaviesh hsaepsnerrd themiieirior doine withimevhidydeitsisppret des sareiamtifrdi® which

they camgrformed. In addition, the total surface area provided by the plurality of mesh pads is usually
only about 144 in., which tends to be more casily fouled. Further, most conventional
conditioning devices must be visually inspected and monitored, and manually controlled. In
other words, most conventional conditioning devices provide no external insight into the
sampling process, the current sample temperature, the status of the conditioner, or the
temperature of the cooling air in the conditioner, each of which may allow the plant operators
to ascertain whether the analytical data is valid or not.
[0009] Accordingly, there remains a need in the art for fluid sampling devices, systems, and
methods that offered the potential for improved separation efficiency and insight into the fluid
processing being monitored. Such devices and systems would be particularly well received if

they could be maintained with reduced effort and expense.
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conditioned fluid through the outlet o
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
3



WO 2011/097122PCT/US2011/022824 the conduit. Further, the method comprises (g) measuring the
temperature of the conditioned sample fluid at the outlet of the conduit. The method also comprises (h)
analyzing tH&%@aati8AEa fluid sample to estimate a yield rate for a productReTHSHUIKR283stream.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0014] For a detailed description of the preferred embodiments of the invention, reference
will now be made to the accompanying drawings in which:
[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.



100211 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 Figl¥v® 8atkeT Ribng section 8-8 of Figure 8; [00241 Figure 10 is a RIS IR 2324le of the
fluid separator of Figure 3; [0025] Figure 11 is a cross-sectional view of the baffle of Figure 10 taken
along sectioDHPAIOKD DESERIFIDN BF SN OF DHEIPRIOFERREDIMBEDIMENTRe fluid
separator of Fig, Ire 3, E 0271 Figure 131is.a [0SSs- ection_al.view of the se arator ember of Figure 12
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Figure 5; Alticb{QD28hd-iguneois if dresentanbeditogmisienapih @lefsiecdablketmnbbdgueats.dV&osed
2011/097S 1%%%%3{%%%9&6};{96%62(% 20% otherwise 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
5



DETAILED DESCRIPTION OF SOME-OF THE PREFERRED EMBODIMENTS [0030] The following
discussion is directed to various embodiments of the invention. Although one or more of these
embodimen® Oyl dedferred, the embodiments disclosed should not be Bi@rpsatatiozasatherwise
used, as limiting the scope of the disclosure, including the claims. In addition, one skilled in the art will
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hydrocarbons (i.e., hydrocarbon molecules having six or more carbon atoms), small

quantities of particulate matter, which can foul and/or damage downstream sampling

equipment, and the relatively light hydrocarbons (i.e., hydrocarbons molecules having five or

less carbon atoms) such as ethylene, propylene, methane, ethane, and propane. Accordingly,

contaminants 102 comprise water, relatively heavy hydrocarbons, and particulate matter;

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
6



WO 2011/097122PCT/US2011/022824 analytical equipment for further analysis. In other words,
separator 200 conditions the raw fluid sample 101 for subsequent processing and analysis.
AccordinglyWsepert87 200 may also be refened to as a "fluid conditioner” dtCTHE20bHORERFNg
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and fluidagneliial RORItipnR A Aawas!wam.of b ihaeRaiain 330 matieiaifie oy oydigogeiioned

fluid sample 101. In addition; fluid separator 200 includes a radially outer insufating sleeve 210 and a

radially iRy 3Eyarateb adseddbitiopadesyabfljnakisss e einthirclesnéerntaDoSTCREMENIREAOW to
Figures 313, iSPIREA%SIBRY A0 DA% 3,66MBA! Hlo'ORIUNIBEl KF 210a. In this embodiment,
openings 213 are uniformly spaced about 180° apart about axis 215. Each opening 213
extends radially through sleeve 210 to insulating chamber 216, and thus, each opening 213 is
in fluid communication with insulating chamber 216. As will be described in more detail

below, during operation of fluid separator 200, fluid flows through openings 213 and into
7



215 coincident with axis 205 and extends axially between a first or upper end 210a proximal upper
flange 203 and a second or lower end 210b proximal lower flange 202. In this embodiment, insulating
sleeve 210 Wa 200087 13aving a cylindrical cross-section in a plane perpendCHl&is201a4228215,
however, in general, the insulating sleeve (e.g., sleeve 210) may have any suitable cross-sectional
shape (eigsustiry ehredtenglitar, Goasgmientlpyehcbtopeio 283 AmpaticshenefdanrddigoiesGmad 4,
sleeve 210 ins ag' IQ/ oqoasni}li‘%gcip tween flanges 202, 203 and is coaxially disposed about assembly
230. Sleeve Ef as an Iinner radius R210 that is greater than the outer radius R230 of separator
assemblyi0830 (Pigurendlfail kerd, 3ldeisediq®isd aditily spackd oM @mesemiblyBe0, chér2adefiing an
insulatin lus 2 ndi dially, between sleeve 21Q and embly 230 and
extendin(\zja%?gT Iléj/bggléﬁ@egrg] gr%’s %%fgiifééé%#aéﬁ%%l n?%ﬁlvgg%nelﬁi%%l%%%%vg pa|ra§\33¥ ?Jrr#%rentially
spaced opsennys 213 dishssauhglythegsges dhaxialipdsitibmpooximiatepparsshditd Skee 26 and
embodiment i re uniforml ced abou 0 hout.axis 215, Each ning 213
extonds e e ST Ay 20, ST TRl S i
communieétionanithls stilatingne lamingr 2141 yNspwitkd éodbsdritvefiin bebreaietaitdreiodv? teimyl
operatiog"igg)%u@ffﬁei@ tor 200, fluid flows through openings 213 and into WO
2011/09 P 11/022824 insulating chamber 216. Consequently, each opening 213 may also
be referrd@40l hérehesisowinlet Dig8ref Anndifisleve: §0029PAnfateevial Hedb &l doisedtspd satilyithin
annulus ' e a ially ab, et ) 11 extends radially petween
insulatinggé?elg%%%ig{ﬁg s%%a?dﬁgésggﬁﬁg%gg? g%%ezs@aﬁ i§ §2|Syjf%r¥8 %ﬁl he %‘%’ns rica i%%gelfsurface
of insulatfryrs@egs 200, dhetehe defieingyiinaronlasgiac 6f shpamor asEsniy2a0gBkel 217 restricts
and/or pr ts fluidh withi win 1al W he interface between upper
end 210a8;/c§3 5%%%%%’@%%%&%%% 14%%%2& éh%ﬁr%:ﬁ%%%ré%%ﬁgﬁéé gﬁ%%\{/)e% grl% érlogﬁl lg)l%fsleeve
210 doedmwtiesitd?d Gxiitl anidherpagezipniddfl anoec? @2siRuA18h lowenbndReeh i steeppe2 10 is
axially spaced anatt fropflap fipi n . r o1 first,apnular
gasket Zf%a and a éécc?r]%ior%)%vlvﬁ(ﬁ% n%%gt:) glas ’eq %%E@éhgré%?g%%@e&ﬁeﬁnQ%%%%cﬁ%%eﬁ%a
proximal doweegaatorl obsemblaxdadly absvecsaphowa, inoWigurrssketl 21 Abdsldxisdiy sphdéd detlow upper
gasket 2178, andeach an 2! radiall d I Vi 0.and

g &ﬁemk% B, gxag]%ﬁ £2{% E’e%%@jén&%% %%é’?éh}é{eﬁgg d%%# ggﬁ%}?fﬁ §1ﬁ"& e

separator-ass ly 230. As best shown in Figures s, 14; ter cylindrical surface

of upper gaslker2 1 godiihglpdindnimetiseliadiisn) Inrecccyfiitvivagaslufal BT bfsshiimglyxn@agerd the

radially i [Rdri . | a iall indrical

CTace o e B e I B s

a pluralityusfasieceiniepengasikes 74 ded rdodss asptugdiby at vinsuadsronidul v apavdih geassatly 2hfaugh

gasket 2L TP URRRICAHITRCS ANGARKSIATAAILe, bp/lowsh SHERBOLAARKeLE bk Fufien the
7b includes a plu erentially s

radially outer surface of lower gasket 2 rality of circ aced recesses

218b, eatththsclosec setiasstehdaakiilR] Harodightlapis et ruirglirontcheuufppenlofice sabkiskEie1 7a to
the 'OWerilﬁﬂﬁfd?ééea%%%b%Jcﬂ@mﬁfe?&ﬁ?ﬁ%ﬁ%e&’r@@éé@@s 31ia) oW RRASSATLRE Je%en% Jﬁaqgct've'y’

in gaskets 217a, b, respectively. Flow passages 219a, b are in fluid communication with insulating

chamberthisghecakrtAhry&pm the wres sytiociof EskalGitledomttulawstion ot df gaslinglGhamber
216 via TRy Rassanss. 24 98ehd sl b e patbed mmare ciahbbalod dufng aperesphoRfulc

separator 200, fluid flows from insulating chamber 216, through flow pas ages, 219a, b and radially
outward tespediiveap Piaw caraseudHY, aruladlyih @anmalpation pélhdferating Hersirens n outlet
214 of anplifalh (A30K8! Th( prHIaTRM A RGN tRGPARARABRARRNIYIRYY Offset

from recesses 218bIn order to create a more tortuous path for fluid flowing from Insulating chamber

216 to oty Prasagrs & KligHt basicpredsudessitbed insmetidetiibbsinsy.2ling operation of fluid

separator 200, fluid flows from insulating chamber 216, through flow passages, 219a, b and

radially outward through gap 214. Consequently, annular gap 214 may also be referred to
herein as an outlet 214 of annulus 216. Gasket 217a is preferably oriented such that recesses
218a are angularly offset from recesses 218b in order to create a more tortuoué path for fluid
flowing from insulating chamber 216 to outlet 214 and a slight backpressure within insulating

chamber 216.



WO 2011/097122PCT/US2011/022824 [0041] In general, seal 211 and gaskets 217a, b may comprise
any suitable material(s) capable of sealingly engaging insulating sleeve 210 and/or separator
assembly 2300 PlowevdR2seal 211 and gaskets 217a, b preferably compriséaR&0iei2as# durable
material such as neoprene or rubber. In this embodiment, seal 211 and each gasket 217a, b is a
neoprendyankdn (042l Retd2ingandainskets RjlifebhenySmpash inletd fiblis mmftuidl GY rupabiécation
with a cogling device 220 that S a.cooli edjum or fluid 221 [ |d air, thro each
inlet 213 %%Sé%ﬁ%llxg&%%%cﬁgﬁ%glﬁiﬁvfnagﬁé@ ,resggﬁrggbl?ﬁsge@tgi\ﬁc%g 1§P r%%?vgﬁrﬁ%arfijsggl any
suitable cedigestatsahléapbcpwliegtdyfloitharidep angitigith endodiiatl # wicki2A41 thrdugh inspietingr
chamber 216 includin ithput limitatjion,,a thermoelectri oling device. Examples of a suitable
devices fg}%t e (%lo%%sgél\g%ﬁé% g.ltg.,seé%%rlilggan evice §€is(%e€r%cﬁﬁ%g é? 4 ,gﬁﬁﬁ}?ﬁg@%%%x CoolerT™M
available [z flRafekimyagagetndng@es af @hSnpath @hio2ahds\Morttid Conlenmnagidabieifiican Rittal
Corporatign of Urbana 9. [0043] As will. be described in. etail below, during operation of fluid
separatorg %(80 ,gc‘é% }ﬁﬁg‘j %%@I{ggépé‘%d %Srﬁ%oéggl}lﬁa‘%ﬁ% %ﬂ“&ﬁ:%%%ﬁ%ﬂ‘l‘é g%f[ C|1n g’iﬂgﬁ}%&@a%amber
216. Theiob Mg fluii@@litkmasizgichhndowdivardntigamec, icsibl atinbnghdeniver3d Dararydctiowrpaessages
219a, b, and then tlows radiall tward throughoutlet 214, thereby exiting fluid s ator 200. In this
em bodim%lﬁ/t,ghl gé‘ﬁi%\ﬁ%‘ﬁaeoﬁ% eatg%z? ?tﬁ%o%ggl%gffifb#da élp%n&ﬁ%tﬁfsl?e 80%%% iglf}r(foas%% éﬁé?%%wever,
in other eénsbbadiimge wtsynierc@dbngrithidite,g . wabolinglfiuictR#] ) malycharetatned ¢oolivezcdeling.devices
(e.g., coqli Vile 20), re-cooled. and then.recirculated back through the.insulating ¢ er (e.g.,
meuiating R BB O ag €3 o
cooling dB\ite¥ @26xniznplse’ Opavailel eFipmx &Vl id uviagegversninitoe o O pinatinatHf Obib, codling
devices be necessar, chiev desired eratyre for the cooling fluid 221 flowing
through i2r\1;su %%3;1%% eé%f%f%i%?ﬁ%ﬁfé%%%’f#fﬁé %ﬂ?é?/vin{eﬁng’péﬁr%?ibn of only one cooling device 220
may be neetssavy toildrialesdtibedessiramie ngiailabete vio dinengoapizrgtftui cb £ 2t iloveipeg oo 20,
insulatin : best shown in Figure, 1, slee 10 also jngcludes a plurality of
axially s%i%%%%%&%%%é%@%‘é%ﬁ% r@lﬁ% gi(t%ﬁ%ﬁ% rigﬁtf%%/?t }guog n%llltiaae{% feilgﬂo%%éeyradially
outer surfdse wosiegvduil @26 thewadisiplindewsuriadclobseusdatren diasbiatidtochadnBen216. A

temperat S IS itiongd | hisensor nqrt,.222..In general , t rature.sensors 314
measuretiéi%gtgﬁ p?e{gat%u%r)é %&%ﬁge%ogﬁr‘% fgi §(|%a 1015?%%1%? o%%opl)lgll}lt%ggﬁﬁ]% ﬂéﬁ%%%gaﬁ%( Thr6u g‘ﬁ luid
separatopRmtTha @kialllinidhiersobo one 2 Ajgoposititng doatigica it o thke tcevlpgititiiug 2te iperature

P L i R A i S L R
lowermosppbng2fiRidnay iheneyebredetoraeditie dooknglingdlovites tengpesatling sémnsoes3a20Mareover,
007 ar oReaSRIRE Had buhealiend Al TARMA Sl i DRATHLE (08, IMRRIA Bahana n f

221 at each inlet 213. The temperature sensor positioned at inlets erred to as the
cooling fldi@nl&apendimaenclsedssirsBtemp@anss lof gheerallisie8ued222) nrae corhptisecatipguitable
material(g).J¢ | ' imitationzme \ ' S et

onmeta e G D e e T B M i BT o7 B g o
combinatieriseh&iEbagvhevescesienyd@ tohireteizbiesoedpisweraturaily thaterelisgifhbite 33t use in

chemicalg ' Vi this . ' , Sl 1 ises two
layers, a%ﬁﬁgﬁﬁg%%}aﬂﬁ%% r%gﬁlbg%qggggg}%’r%ﬁelg{%@gﬂ&%{%n%%& \ég ml%%u er(g g?otective

layer corapeiiggdesitroddibaaydhsforsesspoljorrmhievy. thepdnsiredsrapesntwinfdette cootinglBnjd The
radially i%@ﬂ@%ﬁg%&%ﬁ%ﬁﬂﬁ'ﬁﬁgﬂ%ﬁ% §£EOSS sleeve 210, while the radially outer layer provides

a relatively hard shell that'protects the radially inner insulation during maintenance and collateral
activities[0044] As best shown in Figure 1, sleeve 210 also includes a plurality of axially spaced

sensor ports 222, each port 222 extending radially through sleeve 210 from the radially outer
surface of sleeve 210 to the radially inner surface of sleeve 210 and insulating chamber 216.
A temperature sensor 314 is positioned in each sensor port 222. In general, temperature
sensors 314 measure the temperature of the cooling fluid 221 at various points along its flow
path through fluid separator 200. The axially lowermost port 222 is positioned adjacent
outlet 214, and thus, temperature sensor 314 in the axially lowermost port 222 measures the

temperature of cooling fluid 221 at outlet 214. Accordingly, temperature sensor 314 in the
9



10046] Referring again to Figures 3-6, separator assembly 230 has a central or longitudinal axis 235
and extends between a first or lower end 230a at lower flange 202 and a second or upper end 230b at
upper flangdv2DB1N8XAR2e described in more detail below, lower end 230X AEfiras1amgazge+ 231 for
unconditioned sample fluid 101 and an outlet 232 for contaminants 102, and upper end 230b defines
an outlet 233lfpl coaoitiohedrs 22 Hhiadjuis 1@Brinl athes thords)lloy@ueh 230 acfupations asnboth inlet

231 and et 232, whereas er.end 230D f ions solel utlet 2 47] Separatqr
esembiy T K O R B e e B RGO S R 3 0 mE Ui
coaxially Wispesddrevithivdaomgl titid 22, laaphachlityl off Dl ate 1RG0 pphiratitycosdraflbs Redtianpiuatlity of

separatin rs 270, and a plurality of spacets.290. |n this embodiment, separator assembly 230
includes t%vlg% g%]lt%% (?) c (r)en%rﬂeﬁﬁtgraglﬁg 81 I8§i%gﬁdlr§e I%Gélx% ebec{)aslft?osﬁgapgst flpﬁer end 230b and one
lower plafe0250 liriganerB), astiathe phitiomed @nhpries engt 28(ablasthastisligwmatudigyyesithantd 4,

baffles 2 .axi sitioned. proximal upper.end 230b, and separating m rs 270 are axially
positione%qg?e{%%\lgfé’r?l%%g §6§‘?itr% Tow e% %f éaiglél.nglé%h% gl?t’eez% : Oé’ffﬂe%@g@&éé’ﬁéar%%‘é:r
member pIlymeteatis)s adialp detieen subpo filreda2d G perdy comdnit 284 oF uoinbinamnens pacep£90 is
axially pasition W haairof axially adjacent baffles. 260 each pair of axially adjacent
separatir?g&r\rggﬁ ,&%g&?@%ﬁe@%@&% lc}(%?napﬁ]sneaéﬁae \?%}aas?%claazrl g?@%@ﬁf%&%ﬁ%@éﬁ ra tﬁlrlc()lughbore
that slididgl¢rrsedivepsegmesing cdv2adnintacHietastombediremaxlat vV 0 comprises two layers,

2011/097 G /U ing-of baffles 26Q and separating members 270, each spacer
290 prefeérla%@)lﬁl S éﬁln%é\)rjia gﬁéezlgé%% gﬁ%ﬁr%gﬁ%?n%}%% ?r%ie%)?ﬁl . fgﬁlﬁ%ﬁlékef%rrlma srﬁﬂzl?cl)? %ié’hﬁreels 3-6,
conduit 2@ tsakve deyeratemisistigcimermmwiihaxesn?@scd 1] 236rawextpnsy, polykstoetwesh ends
230a, b | 2,203 IS imen ndyj IS, ral with flange 03 at each
o 3300 LT P RO S SRR JRRE AR
234, madhineddialy theteatagemaronaless conldtivdg4hard nsholl fiuitrpretept dte frediatynduit234 and

then quﬁlﬂﬁ‘%&?ﬂ?ﬂ% %a‘fﬁ%ﬂ%tcg%ﬁd Q&}“ﬁ?%élﬁ%é‘jﬁigg _elongate cylindrical tubular or pipe that

prevents communication between the owing within separator assembly 230 (e.g.,
unconditiféd sBriptediziedidliocbigened iantsdoRatandsenditiondd samapterfiatl @0Bngitddinel cooling
fluid 221 gt [ ' 004 P d I longat nerally
cylndricaltoc o Bmo bR s e et 155 e e P A o 240
has a cetpatasisl GFidbidenppdttlange 205, 25widbeldesaditdninsmopordatedl baldexiens endally
between g first e ten S o yppenend 24 n As will be
descri bedfsi Eﬁfng%&eﬂgégtagillque%gﬁ%%g g%%%(‘?glr?dd%{%%%d u § F%%Bg% nftlgﬁ%tl’?r%% g%@o f%?i r?) %%%ﬂ %%a%gf %150,

baffle 25993@p@rms rhéznlgad zm,eam%@é@brMemmewh@td;aayfaﬁgnmgtiﬂaeésszw,‘lmm]'eis 260,
separainghmemPSiike? SoAISRREUREPL AR W FiI'SS SHPRAMIPILALRRAD Outer

radius R240 that is preferably between 1/16 in. and 3/16 in. In this e ment, radius Is 1/8 in.
[0050] RegZAGbAIhsesdiapsnalehreadstiat Bdth ends 240a, b, which engage mating nuts 241. In

general, s AL RSP LR ARIARB0SIIARQT IRiER 20 Al 26, SRAIAING dRe R A70, and

spacers 290 relative to support rod 240. In other words, nuts 241 restrict axial movement of plates
250, baffieszeoipseparatdnitthenmérdy2 dopasei spibarscoaduie 3dide acbuppbriabalauws. Bdecifically,

as best shannp drauac e M eARFasier SpLHINBERHE A0 /g@g&;&gﬂ@ﬁg%&&&%%@!‘y abuts

and engages lower plate 250. Nut 241 at lower end 240a restricts an ve er plate 250,
separatifd ihénfsebedingnangpaisrasggobly 230 includes two plates 250 - one upper plate 250

(Figure 4) axially positioned at upper end 230b and one lower plate 250 (Figure 5) axially
positioned at lower end 230a. As best shown in Figures 3 and 4, baffles 260 are axially
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

10



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 positioW 9208831250 and upper plate 250 relative to rod 240 - one p&ECHAH04 1202283 de axially
positioned immediately above and below upper plate 250, thereby maintaining the axial position of
upper plaiadbg oddfifies @benpdiscphrusisg2dtaberadaly qaokitpanet doimeadisieblahayemmaddbelow the
group ofﬁhr e baffles 260, tpg e%delﬁning and limiting the axial position of baffles 260. For
conveniehce pﬂarrpl)%lél TRlts 241 W6 2011/097122PCT/US2011/022824 may also be referred to as
first, secondsthRefdointhstidh e fifigured 325 thiaket237 thsin axiatyesiioro alcidgntosiBdekes@®0sg from
lower end.240 upper end.240h (i.e., the lower-mosi nut 241 is, the first nyt 24 | . the next nut 241
axially at?é%/é t%é%i?s é)nﬁf‘eﬁlilslsaﬁ%(ﬁ c%%g%e& pZ ?Sair: & nﬁi.nﬂ) %Ssefgénfhgil%w tﬁﬁ%ﬁes 3-5,7
and 8, eaatbpthtecAbimdniyladrisahtlisahavihdlangtana? e stseathcend IB,0a, Haraptewes surface

252 parajlel to upper surface 231, and a cylindrical radially outer syrface 2 xtendin jall
st e A Sl e R e o R S,
betweenthurfaces 2id;i 452, candwn 3dtarradinsiR Ao sopaste édnadiaitnit A6¥ axedstRabw2kdkd235 to

the outer syfface 253..[0052]. rring specifically. to Figures 7 and 8. outer radius R250 is_preferably
Substant S g Kl SR Toss R e it PR B O S S bt S

g an the‘inner radius stich tha ace 253
slidingly prgagissfhaddeshdfdndadnmplacer2b ibhedhiiddlyfldispesedthiiihiseomduit2dmidpd2arial

thickness T250 preferably ranges from ?ut 1/16 . in. to about 'A.in. In.this embodiment, r radius
K250, g o e oI i PO SRSl e i oo
As best sindwireicobigigdsid 2ot Bowachthiate? 3utdingebantent2abthroughbore 254 and a plurality of

throughb 235 radiall ifioned between centrag| thr bore 254 and radially outer surface 253.
each bol . S 88 0 SR R S A 0SB SR T E 2
this embodidhent, 3 fisstisdinef sigiitb rephihitad24disgnsedatitiédshmen rediahpasitienianidaranged
in a first annular rgw.255a, second set of fourt ores 255 are disposed atthe same radial
position glvl‘llt gﬁ%snagﬁésd ?r? % 52?(3;(330]()511l %ﬁcﬁ%?élr’ FORF BE&BE%@%@% Slsa)r(é%ﬁg(ljﬁy’/e%%%?ﬁoanéﬁgtb%rti\(/)g‘éerll central
bore 254cah@4Hrmatlandodd @5 5hd [D6&etink efemipgrstillit@4oiyatemd 260b8, AemtiAltzodes2Glddaa a radius

R254 and each bo 55 has,a radius R255. In this embodiment,.each bore 255 has the e radius
Roms, ACIIC e et R R B e B e AR SRl M ARTE 1o
R254 is péferebisatubstaniial B hesdsmar ARfhtlecleby thdrliyabeterg atites 6600 dZA0s 260,
previously desgrib od 240 has uterradius R240 that is preferably b n 1/16 in. and
b L S R s S e
R240 is di8ecnyasiias tRus, thadisspR2& 4ty dixdwediis] ih6 on stightiylie ss. tharthl¢&mb@tithfuthadinadius
R255 of ﬁ%cq{f?%ei 55 preferably ranges from about 1/16 in. to 3/16 in. In this embodiment, the radius
R255 of eAch bore 255 is 1/8 in.

[0050] Rod 240 comprises external threads at both ends 240a, b, which engage méting nuts
241. In general, nuts 241 maintain the axial position of plates 250, baffles 260, separating
members 270, and spacers 290 relative to support rod 240. In other words, nuts 241 restrict
axial movement of plates 250, baffles 260, separating members 270, and spacers 290 relative
to support rod 240. Specifically, as best shown 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 more detail below, throughbores
255 allow fluid within separator assembly 230 to flow axially through each plate 250. in particular,
throughborc®d Q38103 plate 250 allow unconditioned sample fluid 101, BEIZBH30K/B2g83eous
phase with some suspended particulate matter, to flow through inlet 231 into separator assembly 230
and allowmegnibminanigeiea, by picalt,iseadiglithipdakaurth, fiod ARiahntaunvbasddiviotghiralutst 232

and out of separator ass 230. Fyrther, tlu-ou es 255 in upper plate 250 allow conditioned
cample B NG5 SRR L 8k AR T i RS0 i1 Sk B
assembly3B4 ICenkeditsnily, 2819wl hexe air 35! inagliatbs aboPatiay falsionle 1¢feiy ehktocasnifuighports or
fluid orifi?gﬁ. LO%SG Referring again to Figures 3 and 4, in this embodiment, separator assembly 230

includes thred baifled'260 axially positioned proximal upper end 230b between separating members
270 and oopar Mafer?bf . mBafftesi26iGaxially Bpades] apertpnd 250 asrangtddabldiechitiengther in a

vertical or.axial stack. FqQr cogyenience purposes, the three baffl 60 may be referred to as the first,

second), B A e S o I B e B Lo SR g A o a et 240

to upper eylthdded (izelialhe towersudstdbaffie 2eadile fixsilbatble2echandflvesuppeér-anast baffle 260

is the third, baffle 26Q). [005 reviously described, one nut 241 is axiglly positioned immediately
S SR PRI B ORERE W RS Rt o e ) S,

below thgdiowerr’nos of fir and one nu | pper
most or thfi2] bafflen260¢tredaisyRimitinegthed xial sig\ieone nk en2i0So it s 6ftbalidasuReGuifaae dition,
one spacer,290 is axially positioned between each pair of adjacent baffles 260; spacers 290 maintain
axial separation of baffles 260. In other words, axially adjacent baffles 260 do not touch or engage
each othens)0FBifBreiesripgendwalty fidlippses, Zadlahddier eatihstRiflei2 pecisrabdenebathntially
dome-shgped disc haying,a convex syrface 261 gnd a concav: rface 262 parallel to surf 261. In
this embgplrﬁ%lﬁl , e }am(gs%z S 2t 1ar(leeslpl) 18%3?1511& ac%%p%ﬁcz%a?ﬁglbgﬁtg%b%éﬁfg%cse %nnular
lip or flandieli2gB adogrpits enting o4 rvienippiaty . 150 R6Dadtilie slapadidiyitutecomist cgBndnodl
surface 264 on each baffle 260Q. As best shqwn in.Figures, 3 and 4, in this embgdiment, first apnd
second b%xﬁﬁlgg Egﬁ%srsealgé{)cﬂlgg%éﬁlgdr M es%gla(al]%oga rilets?el]i'éﬁ ?a&%tg ‘éi(l)r\llv;l?vr\l/grn : Wﬁr{é?‘gl %et‘h{;rd baffle
260 is oriartedaditiy Bopcané sentadb2iAdacidyupivandsuaB4oward imppex plaid 260ktogstiey,
althoughifsirffgalnd second baffles 260 are axially spaced apart and do not directly engage each other,
first and Second baffles 260 are arranged in a nested configuration wherein first baffle 260 extends
partially ilntsthe/cobed\shoeresskiglirsd byt Gnecavk platta2 802621 od see@adtixh ffhec2glboéQ 54

2011/097122PCT/W.S2011/022824 10 Referrin ecifically to Figures 9 and. 10, e baffle 260
has an aXia ?h?%ﬂ%%gg %‘6011 %a%sour%c? g?(}gﬁ%?gt (gselstnPosnt? égjgé%’ef&?%?ﬁlnrauﬁg%ﬂfce%ga%s R260
measurechdadizlbyufeosueties 205, Pash Bats 25the btitetsutfaveallgahOuigdr phdiudSR 2G0nsippeferably

substantially the e or slightly.les n the,inner radjus of condujt 234 such that outer surface 264
QIYat®3aMms ?ovséeégélsﬁ[f]ace%gg?e é%%hls ,em%o?ﬂn { arﬁjlég o E of eléhg]ll?(ggi,%r?s GLC

slidingly engages conduit en ba IS coaxi 1y%‘lls’pose in"co
thicknesslispe® ¢ rt theatsigeandiad Hositiabant dfibd gad o alfost dodular i thizSeambodimsendnduelr radius

R260, ang-hEnGE8n0es 53dive lgondt Pl Bt/ fMaARdal TigkDessl99 5 H8y
annular row 255b. Row 255a is radially positioned between central bore 254 and annular row
255b.

[0054] Referring still to Figures 7 and 8, central bore 254 has a radius Rys4 and each bore 255
has a radius Rjss. In this embodiment, each bore 255 has the same radius Ryss. As best
shown in Figures 4 and 5, central bore 254 slidingly receives rod 240, and thus, radius Rys4 is
preferably substantially the same or slightly less than the outer radius of rod 240. As
previously described, support rod 240 has an outer radius Rpgg that is preferably between 1/16
in. and 3/16 in., and thus, radius Rys4 is preferably between 1/16 in. and 3/16 in. In this
embodiment, radius Ry is 1/8 in, and thus, radius Ryss is about 1/8 in. or slightly less than
1/8 in. Still further, radius Ross of each bore 255 preferably ranges from about 1/16 in. to

3/16 in. In this embodiment, the radius Ryss of each bore 255 is 1/8 in.
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[0060j Referring still to Figures 9 and 10, each baffle 260 includes a central tluoughbore 265. As best
shown in Figures 3 and 4, central throughbore 265 of each baffle 260 slidingly receives rod 240. Thus,
baffles 260 W€ d¥aAidIh2Hisposed about rod 240 and coaxially disposed wiltGiT/EBRAMINZ324 In
addition, each baffle 260 includes a plurality of throughbores 266 radially positioned between central
throughbwss2 62 andiAnbe | dedtaibgd 26 Intndhdsteihbetiime ity dophtbres@lioatie R 68 ade pithwided.
However, in general, any suitable gumber af throughbores 26 be proyided. Each throughbore
66 1 iSSP T R Bl iR, S A8 2R o B R R 500 o he
same. THDughbowes pbGea2épadiimrabhepubiiomedsintple Mhdihil butepibdds of baffiee@GOphmat more
preferably positioned in the radi outer 25% qf baffle 260, In otherwords, radius R266 of each
hrovonbit a8 B R R SRR S
than 75%.3 cutkrthdiusRE60N006 108s pravidlysin dedaribédyliasthisce fhbediaxieliy, dasmwafie 260
includes 0 6, | rticular. tluoughbores, 2 e unjformly an rly. spaced about
r{ﬂﬁ%{ o‘ﬁ%@P Qﬁa 1% O%P g : ns]eéon%sgf?ﬁ eastfel%m) % E}*Bu%!lel { IO%g e%re%%%g

11 upper .
900 apa ever, In other embo uoug¥1bores In the baftle , hrouglﬁbgpes 266 in
baffles 2@bGiterH0 rdlowrcomditionbd angplarfusdd 03¢ tHHCE N iB affscR6 jarespy ¢defmvtytioougled to rod
240 and I riented. relativ each gther, such that thr bores 266 xially adjacent
baffles Zggt gaér{eagég%fgé&a? |%arre§rtl(%?a%sgg a@%c%ﬁbn%:oquﬁﬂ/uee?%&gxgenso%ﬁ?%fg%g Tll%ar%%%?nsple,
baffles 26Guyralyoldes pekitiet el asrflrod Partswithloid redaet.to the angular orientation of throughbores
266, in which.c roughbor ill mostlikely bg positioned at random. and different.gngular
positionsﬂ%bﬁgédﬁ%r@géfﬁgg%gg. %?gg%rgesul?,%t eiz1 Ur}:%o%é)iti%ﬁg%(%grer%esﬁ%%a aodlﬁ%sv?/%?}é% y
upward thrdudes sbper dtoffles S2biyiady i®idroeddprhamgt directionl adhdbtihesytakesepareti@gortuous

path to fl f fla 260 13 1 t es,.266 pf the next axially adjacent baffle
260. Wo%\%ﬁ O9%?@?%??%%02%?f%?§§82%)%§3%®e ’é?ﬁr{?g Sgt?l?%t(c? Shré“%égaé% 1f%)‘?%:ééiln?rnaf‘l bore 265
has a radibsvRE85dhel dachvbdieal 66 dxasl atrgkliuf iR 266y mitiscgmimdindht; taeh hdfe2860has the
same rad| . t in.Fi , central bar idingly; recejves rod 240, and thus,
e i R TR S e R S
previoushxidlscalbed redggorfnon RAGEhewl40uteru@miusid 240t {acistiedfevabindt taéda 2606 in. and

3/16 in., ' i 1 t in. and 318 in. In this embodiment, radius
R240 is %g[ﬂléq%%&g ?#3?5’3%% glg([@ %%%%l%%%ﬁ%}ééﬁgﬂqdy llle%s?%at aer? i%'in. Still farther, radius
R260 of 88T bére PE8ipwslerdedoribedyesnfromt 1264 is. asidliy ipodititisdemioctitatety, bebradhes R266

of each thWeﬁﬁgs{%}ﬂxgtigaﬁ%% ng Mg Q&%igfﬁ%:%ggﬁ&ﬂ@g q?ﬁ%%@%%%%ﬂ’o% &%%91%%8{%’?0%'[6 6 allow

fluid within separator assembly 230 to flow axi ugh each . In"particular, throughbores
266 in baffldsizebasflov? e chstihyranisamhe fuidl 100 v@neraatlyposittitionddbfliidsanibleln typically

in a gas phase,.t iall s I 040 t rator
el oo B R tner,

the gapssapeitr 2ithimistenisxiplispriotied bEbattay 24dially othter sarfacext@ly sidgmentduiffte260 and

conduit 234 ggqygtqgg@rgmiét;g‘lj%dt}y&}gzgly in a liquid phase, to drip and flow axially downward
through each baffle 260 toward outlet 233. Accordingly, the gaps and/or annuli positioned radially
betweenlesh k%&ﬂ@lmfam %bﬁtmlllt@& fadyand idkeeret haﬁb @@d%&g@ﬂi@@&bme@mw now to
Figures 32paRify WESNRImEABenRtRloLaRsel R0 Ins R a R obsePalaling

members 270 genérally arranged one-above-the-other in a vertical or axial stack. The lowermost

separato@lﬁﬁ@ﬁib‘anzméfmw?aﬁﬂutg@nare_mykge‘gabwefme Zoh | hdBldifi6n, dse spdedes280 is
axially pagifianedipetvasn sach pali . Adiacent SeRrLating mRmbers; 793 *Hé%fﬂayt g‘%&d%ﬁ%osed

immediately below lower plate 250 supports lower plate 250 as well as the plurality of separating

member§EvONsH apiEsEienD o Giepded v beask daldlepatingsrheshbeown 10 Kiginee % #804niintain
axial sengration,ehiRapmaiRg mrwgpceaﬁleZ&%d&boz@@ra%%qéh Y PRIALOLINE IRGIR 246,00 not

touch or engage each other. The axial spacing between adjacent separating members 2/0 preferably
ranges frBFNE/ 3D, iWISEaseiirobadfle Hefeiamstsieniet wth smeinahenfasteRed fdalg

Separa“%@&ﬂ‘éj%ﬁ@”&ﬁ@ﬁarﬁﬂﬁgr’Bﬁiﬁé@éé?@x&ﬂ@@%iﬁ%{&ﬁgQﬂé?%‘ﬂé%@&&‘&e@aﬁﬂéslﬁbda}@’ each

separator member 270 is generally an inverted cone extending between an upper end 270a and a

lower engFtbbsnAcsd dititih a8dfosepiatirsilnensisae 2achreiba flirstomshseaPithbrffles 268 21 and a

;[;ﬁtzcggig%%&i% ARERES) 26A PRI NGESHERBS AL DI RREMRE D 49y Il dfiS @hanrular lip or
J recess defined by concave surface 262 of second baffle 260.
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WO 2011/097122PCT/US2011/022824 extends along the entire outer periphery of upper end 270a.
Lip 273 defines a radially outermost cylindrical surface 274 on each separator member 270. In this
embodimen¥{ddat/89d2270b is generally flat, however, in other embodimeRSTH$208WeA28Hd of each
separating member (e.g., lower end 270b of each separator member 270) may be rounded, pointed,
etc. FrustoemnicRbfomaigssptadicll} Wefipasead nnki Gosmeishafiled2cavings an rzedelsﬂlibkaﬁxt@mmg

axially downward, fro h enu eng 7Qa, As best shown ures 3 and 6 e exception
of the lowermost %se)f:glrgtg e?@g?n JJuD Bst 6% egnggzagg(g ?&\?élreﬁlg%é gzqgac a%‘é%éirla I}l(f:)er 270
extends imtesr208s31372 3 tbelmamtmrfaemﬂﬁdr Fkaxradlivp Bsijas poeorabdyl mmbamw theThus,

separator memb s%% 0,may, be described e conf' er in each
separator Member é?( e)r{l1 S ﬁma 1;1%% rleucse%s%?é i‘ngsﬁépasma {/ﬂagfélc%rn separa or menﬁa@r 270.

100671 Refrgasgespéduaifi@aly whénigbhafie1268nd t@axdalih dmsatbwmmhaen@ﬁﬁ(ﬂ D3 andaxisial

thicknes T 70m sure% endlcul to sur uer ra R270 m asured
radially ff[omz‘axes éeﬂgk t%l;aéur ace 1%?45 1fﬂu%er ra‘dlus ‘}% |sl|so% eraﬁn?eélltfbs antlally the
same or stidiiot\Rligssathibimetive ihammwmmmmaaésusnm andensairthodk @84 ThginglySengages
conduit 234 when separating members 270 are coaxially disposed within conduit 234, and axial

thickness 1270 preferably ranges from about 1/16 in. to about 1/4 in. In this embodiment, outer radius
R270, anddeencRdfeering etiladiisgofeohdot DB 4aish balin2 6 chelxidds hicknesktMianglibdk32i66.[00681

Each separatar. member. 27 a|SOI cludes a cent Ithro hbore 275.at Igw

shown m%slglﬂretss and gl(}:% Erte)uﬁgh ch%n ?@ea%%se g?étorfmeﬂnbge?%oﬁ pd%ékn%e%elves
rod 240. feas/esepsr 240. m@mmerbafﬂ&axé%am(mm(wﬂpo@epbabxbwbmxﬂ PaD 2410 aohxiedlyidisposed
within conduit 234, .I .addition hse tor membe cludes at leas oughbore 276
proxmal%p%%sreer}” 30%1néta§t§£a§ g(r%%tlﬁ}ldﬁa ?E)Ergf%ﬁgrlggﬁaﬁo%er ér? %t;%tr) lf%%glgé)ﬁ%ral each
separato@%mﬁetlg@ﬁ@%hﬂwaﬂwcs\mmablﬁlruuglhimref%ﬁomm lone$a? Thuagr 263y shitahie
number of hbor, rther rentse members 270| separa ssembly 230
may have)é ercla%ntgréf)ufn er}srO ?8569% ores 276 cfa}o %?ng bOrES ]?a} ?Fwet\?glr) ?h%uﬁllgr%lwrber of
th roughbofé&@ﬂ@bvwdﬁéepwéx@pmewmhr Eéfcﬂl phabagtﬂ)hyreaﬁ@es thepogdenta fadipaRdsthdmumber
of throug 7in h 270 range rom e to four. In the
embodlm%?ﬁ ﬁts)eplggg grat rﬁnelfn i{} S\a}\?nlln res % ugtf?%ﬂog gres 25%3é and four
throughbprefs12Gly acsitiavidéal tll@%@?msmﬂfoﬁ)ﬂegﬁbbﬁtblaﬁﬁmeddem battargtthrougitioords 276,

277 allow fl eac a 70. In
partlcula\ll;M \%/H\/% %‘AW%% ggé?&ﬁ%g%%%z&gm tﬁroug (%ores i ga%ga%é%l Be% 70 allow
unconditisrediestyl gitatidr 1Ban(60 Yol athyec onditio Red,farid swmppedfasabibalycaica @mae?:ﬁ% phiase
with some parf Eﬁﬂ{iastf{matter to flow axially upward through each separator member 270 towards

outlet 233 0 separator assembly 230. Accordingly, throughbores 276 may also be referred to as gas
orifices oWb@ﬂtsAFSumr@ﬂoukﬁ]wugl@b@nbs@?ﬂllntbeparabo@mmbeaQQ?@ﬁlbv@@@ntaahudamts”cﬂLﬁlZ

typically | g&ﬂ&@?%ﬁ@ i A&%GEJ'Q}%%@B‘H&%&"Q’W Ee reﬂ& g%’faé’ ﬁm*?%gm

towards outlet’233. Accordingly, through may a ain orifices or ports.
apart However, in other embodiments, 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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[0070] Referring still to Figures 11 and 12, each throughbore 276 is disposed at a radius 1k276 and
each throughbore 277 is disposed at a radius R277 that is less than radius R276. In this embodiment,
the radius REPRefIdRERehroughbore 276 is the same and the radius R277 BEBARAHOR$RAbOre 277 is
the same. Since each separator member 270 has an inverted cone geometry, throughbores 276
proximal wpeer RrdeAria wiit tadistyrasitiod a0, ioditeat dehisd @ @tes poriidinsoR gacingepahaborenember
270, and ughbores 277 prgximal lower,end 270b.are rad; itioned in.the radially inner portion
ol it b A PRI A ity A e e
throughbellew216 &igumiferrdytcatchonée2dntisliyispbrectabesir &0 2partamhdhing fadiuthityyghbores
217 are nifprmiy,ciigumistentiay spaged ARau 99 RpartHowever, i geperalde dhigyghiares in
one or more sepa?’ra INng members e.g.,?hroug ores D7 : ¥ 7R separating' members 270) may be
non-unifgrralyocistudeferdmntib tyspatecd [B072E SepatatindinsdRahatniipaferpbéferativlgerolijpted to rod
240 and angular iented relative 1q.each other such that,throughbores 276 ially adjacent
separatinli‘rzj1 r%lel?n /el?)sr %Oagﬁetg%spéggl %(ti%ﬁ?elrse %%@é?gr%eog’i |onli;e §t|1\rllé 8%%@3%1 21(515,31;1@?1535. In
other worasbedioweghberkss 6 .of dXally, adihtent sepiasaling mehtery 270 areshghibydedy dnagularly
offset or sfaqqetidh AS Adesil 14id (¢ P dnaondiigned sample. fid 1013 Honing exiply uppuard
through separator assembly B IS ?&cegato change d recﬁon,}énc]i %nus, take a more tortuous path
when flowhrgenbodtheiio ths 12d819Roneos epclrdtarcraémmisdr Bri.in route to the bores 276 of the next

axially adj t separator member 270. [0073], Referring stil] to Figures ng 12, central hare 275
has a ragﬁgﬁzﬁ.@gc%ebo%@%‘%é& é[n% iég%%?%d%{gggﬁ%&ee %%igs %Wra%?ﬁs R277that is
greater tlsaparaiugsR2gly B3 this obodiaibnththegladieh RIS, 26 abh (roted76 thitheskbones and the

dius R 77,is.th A t i 4 | bore.275 sligingl
eceives 108 Sl ek e ity RSOHRGREITRICHIE T (67 oSS SRR, e
outer radsaspledotypitdllasnpr gaisosh/phiescribdthvsappdly rpadv240tinas gincavhdraifitids R24Qudat is

/ PCT/ /0 ) 1/16in. 3/16 in. d thus, radi
e T B R

preferabl
R275, is %Irlg%%%?y%ée een iment, radi [ In, and thus,
radius R2¥ gaiscabimes Digpiector Elighty Ibsgtparndd®imrRulliusifialg mokdaciedbetn@es prdfdhably

ranges fr 1644n..t in. j /710f € bare 277 preferably.ranges. from 1/16 in. to
3/16 in. A?s{{@ v%%ﬁ%%%gs%?]ifg% %c%ag%ﬁgggﬁ ?ﬁo%ﬁéﬁﬁ?ﬁfyy : 8%1§ar§n s Hﬁ?%’%ip %?afg Orffices 276
and drairligeidsphs, resddptvelyilomagxially domsw diffthentebepratatorflvePtbers 270 evitlin?88parator
assembly, 4 mg &% - A rat e (8<g-. conduit 234,
plates 25%%%%%@%’6%1{%%%:%?}8 mem @é&g@ %ﬁgaﬁﬂ%%gtﬁécﬁz éﬂygt‘?[c ?nf(%@ caé%r% Sg}s{éuény
suitable Rtenaydsucteushiess dpanghpsetal alloys (e.g., aluminum, steel, etc.), non-metals (e.g.,
ceramics, ) 0% r compinations thereof. However, t nts
separato Pgés%syenr%%rzﬁé% &%%b@%gﬁgp r?séig%:%l? (]%rg E?e érﬁl g)toedrilﬁ\éiﬁﬁ %egf%%}:%%rgﬁ%{%%l%it s(%anding
extendedisévidas of Brpddureliscireatiigtivelnondifiosierylytermmetnes abonotivetftedts aetc.)

mposed Ry ap lra et andypsendiieeed sanni g 108 1 r{'ﬂu&@%&ﬁ%ggg%% lescribed

herein, the components of separator assembly 230 are made from stafnless ste eFerring

briefly toBigered9, idntiddihaino dirsetmaotisePRristoxatisepoblliard, biffecemtosels mrigedLavgacent
separatingmamieinanfdae ol orsunumosis ARl iRaRdilR.ATeLRY Umhets. oL s ports

277, differéntly sized gas orifices 276, and difterently’sized drain port 7 based on r relative axial

positionssipiritakseen phate 250 ek asche mupilitslioy sipsepinatoemier’s 200 spasersa2ator
assemblﬁi‘gﬁgsgaa%é?%géﬁids%gelfgﬁ’ln%iﬁﬁre%%e?g@%.gr%%?%%%% 2fQifita San é?ggs '%rilﬂotleof

embodiment of separator assembly 230 shown in Fig ere are one- total separator
membersPamtigicheareceiided ifitootber grodpsaxrdly sepaRinz7agnbas-276f dweartytfivehseparator

mermbers gl GIRHRRIRED-Th e <pAdliik BdA A RpRsHNSE-oRF ARBNS e AL AR 2
lower end 230a. Thus, group 270-1 is the lowermost set of twenty-five separator members , group
270-4 is tABEGH HOId8E set of tniantyiiazers @98rate iy SeBbly sigs romaigtiposhemeelexialigxéaljacent
group 27&&1'%%9%%%Qf%ﬁa?éijﬁl'é\ﬁlﬁ’&ﬁ%}gQ‘?d?etween groups 270-2, 270-4.
[0066] Referring now to Figures 6, 11 and 12, each separator member 270 is generally an
inverted cone extending between an upper end 270a and a lower end 270b. In addition, each

separator member 270 has a frustoconical inner surface 271 and a frustoconical outer surface

272 parallel to inner surface 271. Upper end 270a includes an annular lip or flange 273 that
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100761 Within a given group 270-1, 270-2, 270-3, 270-4, separator 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\WARMMEMGR2 number of drain ports 277. Further, within a giveRGFOI§3ATO22824/0-2,
270-3, 270-4, each gas orifice 276 has the same radius 11276, and each drain port 277 has the same
radius RZX¥nds alvenge theepanatarutee po@prh 2y Qi wifferemidg?d0ps 24p-2,7270Andy @-3adidDy4 are
different. In particular, separator.me rs 270.in WO, 2011/097 T/US2011/022824 different
groups Z%t- mﬁof(gjcéﬁlff%?%al 5%%%2?5%%@%&%&%%’&% %gg%rﬁ?ﬁgélst lgjﬁa%l}%ﬁ?vr‘{ﬁlfn bers of
drain ports@270bas exeergle, flattH®emisadimethts hmbodimieigsyréhd | ovenemdbet athasporifites 276

and drai rts 277 erall ses maving axially upyar m group-to-group. Spegifically, in
aroun 270 R T A oS 768 o
270-2, eduhseparamrinmentiefa2? @ hHaddhnee gasoeificesc2dBmndctviee aratnepn AZRFteinlguoup

270-3, eagh rator member, 270 has two gas qufices, 276 and two.drain ports 277, and.in.group
e i L R e R Y e SR O L LR
embodimexgamn ovifichs 276anfiwsh amord? 70embdfePditt gratupsgdgs 1]1aRnd- flagy A-R), 2dk have

the same [ %i'i 276, and drain perts.277. of separat 70.iny different,grou %;bzo- 70-2,270-3,
270.4 natdl P e 0 PR oo Pe e o R SRR B R
R276 of gasttigasidrfivediateljs Ueltsvint. aftiug diagsa R 7noftech 2Gimpo tic2dd isiiéd Gnbétiogvever, in

other em dg enis, ifi 76 of separators 270 in.different grou 70-1, 270-2..270-3, 270-4
e o e S R S G SRR 6 (b B i, 7
270-2, 27685273 Hinmayrkially eiffereritsepdiaR2 Tenkor @8mple, the radius R276, or gas orifices 276

of separcls, 0. 10 PGSR BIAURA 2T 27005 27053, 2104 iy, Aecicase Jom groupcicproup

. A S
moving axially upwa rain ports 277 o sgparators in"different groups

270-1, 2 0ickiR?9-F, 2 70ehsway derreadishlorty grouptiraro 3 M@V gradially opeardd{G0 78},

Referrin F 3 0 emhly arator,assembly 230, first nut-241 is threaged onto lower
end 240%%%%¥§80ir%§£%§§4fg?1§n?ﬁﬁsen D ét%z% ,gsé%aor%{t%ﬂgé{%%gr% gfé??é% st%racl:%cﬁsu haftles 260,
and remairifigebdrontstihita]lfodrthsand 6ifthlightsy2kssattencdheeu¢o rath@4efinooktier Adhnstivk bottom
up, one t Pla . arating memhe : cers 290. and baffles slidingly
engage UL 21 R S 28 R b IR 20 e
along roccoagdidordisgsed evithiyopnibbdt, end axiohthidieresatiVelyprefdr2dly magdsdiposittongd in a
vertical ofigntati that th ! igg m A ers;290, and
patlles 200 i e o e st e OR8] Orce
first nut 2phdwitie4ded drito iodexiahthidasvipperselid 40b of support rod 240 is axially inserted
into central thro r 0 p , 40 js axiall cedth throughbore
254 until lI?)J)v%/%r gg%%g%%%%ﬂygﬁﬁ% f?gfﬁ n%i l%%zﬁ& g%%%v% r‘%ﬁé%ﬁ%ﬁ%ﬁ@% [?gg r %%%ﬁ‘ggqggsupport

rod 240 i3 Ahalkxdesstteld ineoicéngrakshicughboren abtbfdoglbora dstosebeadhorementirengmdeand rod
210 1s 2xialy AYANGaTINANARAINANE SCaptnll niehnd ZAPR e dalNiaRy IRueE ARG 20

Then, rod 240 WO 2011/097122PCT/US2011/022
rod 240 and coaxially disposed within conduit 234. In addition, each separator member 270

includes at least one throughbore 276 proximal upper end 270a, and at least one throughbore
277 proximal lower end 270b. In general, each separator member 270 may include any
suitable number of throughbores 276 and any suitable number of throughbores 277. Further,
different separator members 270 in separator assembly 230 may have different numbers of
throughbores 276 and/or throughbores 277. However, the number of throughbores 276 in
each separator member 270 preferably ranges from one to four, and the number of
throughbores 277 in each separator member 270 also preferably ranges from one to four. In
the embodiment of separator member 270 shown in Figures 11 and 12, four throughbores 276
and four throughbores 277 are provided.

[0069] As will be described in more detail below, throughbores 276, 277 allow fluid within

separator assembly 230 to flow axially through each separator member 270. In particular,
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is axially advanced through spacers 290 and central throughbore 275 of the remaining separating
members 270 in an alternating fashion until all the separating members 270 arc coupled to rod 240. As
previously d&€r2ided?gas orifices 276 in axially adjacent separating membdt€Zu28r&/(3282drably
positioned at different angular orientations. Neither rod 240 nor central throughbores 275 of separating
membersiZé0ghterksyeds aind dpsatseparaiigmeanderioy Qaceddat trdotatepid dlitiaxi® L3prduring
assembly. As a result, during.assembly, the angular orientation of gas or lices 276 of one separator
member BFOH U 4 THE AP P AR Lp b GRS, 0F SR, GEHEP S AIAAEE member
270 is ramnsldiowGaidboupritlyd theoppdbedulityephintoraneser agialiywajdcentlsepasasingepagardrers 270
having gas orifice 6 with the same,angular orientation is relatively low, and the prohability of ever
oparato PHEHBE 300 AR b RO T e B . TS B R o
[0080] Appreviotsiyideschibeghbotbe enTbodlisepaishgwimembigur2d3 oy’ ctigaplinadity 002,
separatin meipbers YO.gr arrapog d into gigoups Z?glor% 270-2,270-3, 270-4, where the ngmber and
radius RI7BE B G5 bARLESPSHC o TR HEpHPAHY e AREP 76T R RRESGAE! FP R HERABEF and
radius R276 ebgasliorifitks 236 ofssgpadatig, reoupdisE02T7 diffey entgiau psfaredideserdraiuring
assembly af.separator assembly 230, special attention should be given to the order in which the

separatoP mem %lig(ﬁ% are advanced onto rod 240 to achieve the desired arrangement of groups
270-1, 27700 2 T2 s4ilISpddifinalyl, IsepdiatosacietiberhBa designéidpancticanfigdies Roruse in

group 270-1 sh ulﬁ(ij be placedan rod,240, before separgjor members 270 desi ne&and opfigured for
use in gr(%lgrg 567%l NS5Ars [RAYRERIE %&ﬁﬁiec?%sa’lgr %E) Ahd'E niﬁgllsj(raleeasfératrllslea% Sr ﬁ’Z‘}%-%l hould be
placed ormboddnheior easdpaRate vineribéro @gltbdesitjited tredannfigidrdd ioxiseRsygodepcB70-3;
and sepatli%tor ! erpb(ir}s]zi?Otfjesi ned agd configured for use inr(lq?rjoy ﬁ(}?; should b glaced on rod
240, beforeosut,gpaf)a?or eMbers ede5|érhctaede§n &R f&uorre&n’%r e gr%ﬁp%&ﬂﬁ?ﬂ% SE?II‘Qeferring
still to Figiexescdey,, thnclighbwirey BfcApHo thealemppindexldl 10e assadiblly proddassedfitetbadiialland
upper-most separator member 270 is positioned.on rod 240, .secon t 241 is.threaded upper
et 2408 B51 G By LS AT T Ee B e S G B8 o e B 260,
which is prefechhlly pusitieckivithtbe nadivlsimfacpaztadadicgldeypamertmSedend Hut 241 and first
baffle 26 ially.advanced along rod 240 until second haffle 26Q is pgsitioned proxjmal, but axially
spaced f?ggn;ﬁt%lué%gr%nosot é%lﬁgl?a%cfr et ?ﬁ%tgF 2“?81,1%)85 égﬁti\l}g s%’ﬁglc%lr%léi g’ﬁlgify)g uts’f1 Second
nut 241. Axdorohlygkyir seabderdntial 14 dpaaihtabostH) 2xaphste pachttbe 66dirshbaffibbd66s a2t thee

upper-most separator member. 270. Next, two cers 290, second baffle 260, and,third, WO

2011/09 7B e UG SRS ST RS R oo B A it
fashion; secordbafiie 26pkisiueferabhecriens dwdtipltoneady G LR facm 26afatingmiemivera 2d Gjmilar to
first baffl? 2216%’(3 and_tuhlir Opl%éﬂe 12r901ﬁ% e?ég{%f\%yéaori%nted with concave surface 262 facing upward.
Then, third Hut 2471 is threaded onto upper end246b and advanced along rod 240 until it axially abuts
third baffl@0280. Bpecrtthg unadbean @ Thirat e ptFdtlalyi albypledh poessi a2 44 aeéd ze patils @6Enasnd
spacers 290, hetween.baffles 260 together, thereby maintaining the axial position of baffles and
cpacers SO e S S S0 R e R R B R B U R R 20 2ab
axially insertdthzmsddadvanfectth rgyitacqrsdichroligiviote 25ek KdpRdcpRis. 230, athet fiftbrdst 241 is
threaded [ 240b, Fourth and fifth nuts 241 are itioned spch that each.axi abuts
pper mia B e e T R o
Figure 3,difttagger2d.1 Asspredenkibuackially. positiodisic ol racplofsud i @hafithweag exialbpepead 240b
extends axi u rom. fifth.n 41, This.threaded extension of 240.allows an extractor tool
(ot shon e o e R e oa o
manipulapethoal2a0] platesiRE0, thatitessZb, efhohseppaating mearhbe?d @ 0 ootpte dikhboets 2761
example et r 0b, the extyactor tool may be used to pull rod 240, plates 250,
baffles 288 gen Qﬁﬁ%??ﬁ[%%#ﬁ%%&)eéﬁagﬁ lflrté)%r%?%%n%%?t 234 for maintenance and/or cleaning
operatiori8)@hdResertingdtdh@ pigtess2b0ad il @60k dodestffahating adamBers, 2achihtwecdh@uit 234
following i and/ar cl i igns..Accordingly. embodiments of flui separator 200
enabe oA ond e B B Y R R B
maintenameeoditdtot,dlearidipe Peratifresolithonst 2 ssitasmyethandeimo vadios Gondoif &84 boimsulating
sleeve 256, (0831 RGEMNGRack 5 ﬁ%?%@%&&%%?rm af iﬁé’lpE}t%Q!ié%%E% Ryinglydes a
plurality of temperature sensors, a plurality ow control valves, and aplurality of valve actuators,
which wdtisotrtiverRormisritsfesahl x snistintiel bothditionia gosligbtbatessl ébafitice within sdparafor 200.
The Inforpasan aauediBy Ay HRA00 LSS SAPRTHNEALR TR SOALI0BR ARy WTre 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 WO
2011/097122PCT/US2011/022824 cooling fluid inlet 213, one cooling fluid outlet temperature sensor
314 for outldYQ 2M I 13 2plurality of additional cooling fluid temperature seRSF320HeRA8INed in
ports 222 of sleeve 210 between inlets 213 and outlet 214. Conditioned sample fluid temperature

sensor 3bét{$e[éﬁsillim1ﬁd ah@Bpreximandutiel 233iak IepaiatprelidbBrisemeasUras the iampamture of
conditioned ﬁampﬁle id 103 atr tlet 233. Each cooI| flwd Iet emperature s nsor 3

positionetfaf BEHF 8?1%6@1 fods dfb %31& edHH (f'éH perBufres ]B\g%‘ﬁ]é’coollng
fluid 221 mihh&rpammlakudlﬁ& B3 Eﬂéﬂ@ﬁrmxﬁeaMQ ﬂmﬁembulyetraﬁgwﬁaﬁune@mﬁ% 314 lﬁlp@ﬁdloned at
or prOX|maI co ng fl |d t 214, an sures th te ature olin f|UI 21 at oytlet 214.
T e RBERL S AR A R B L FO08E Ao B I bl boe 350 BAgRP o 213
and outlahahéxmaawﬂraéhavtem@asamﬁa ahdaating fuig Zzlgﬂg)wrmﬁsrgw@ ramﬂsdiaﬂngcmamber 216 at
different axial iﬁns an sleeve é.g and chamber 216. 008%3%& stlll to Fi ure% in this
embodimrgﬁ?e‘é% é/ iAd0Ees! ﬁ%e%gﬁ%rq Qi g’ E6h ipéﬁaé"és é?ﬂ valve
control ag@tor 331 for each cooling device 220, and a conditioned f|UId outlet control valve 322 and
associated valve control actuator 332. Valve control actuat via valv trol flow of
cooling 1M 02 RETEGnT RSt S R o P Y Bo G LA B GRIOR 321 are
in an opelm‘ﬂqscmﬁﬂpeepmaﬁng fhech @24 ﬂm;/spaoemnag deyicds, 226)andyinleiispzite angwelalavhen
valves 321 \?a sed fl) n c oI|n is re trlcted anlet é prevented fro fI%W|ng to

cooling AV ) afng #&%Y% ?u%to ek i ’v%%’srfﬁllnﬁ% hthe

()
opened msaﬁmnsapdlyiﬁecdpsen)pmﬂmuﬁurdﬂ@brablﬂﬁmwa]lweeaﬂlhmwe@ g eomasiaeos 331,

each valve 321 can be i e den ntrolled. Each ¢ evice 22 o.includes a coolin
device adtPAOr 34T HRA B%’d g%%f&%&n?%@&ﬁ?efﬁ%ﬁhi é@&&?&l’%& ﬁlr%aae%ﬁ’:ec % 8£| ogr off,
as well ag/itistdedjrge @itmmm@@mdeobax@msme eaclh@@e]un@ﬂgvm(ﬂﬂﬁni%] e eong
actuator 332, via vafl%/et322€ ontrol flow f COﬂ HLJ d qu sam}g throug Aleé 3 of
separator%té%s}/ ff:lsj’laerc |s3|1nC Ol(%;e 8 |o%‘}a‘|t‘281 dBRYitioHE S%%P Biline] lows
from sepﬁtatqnﬁaﬁetceﬂﬂmdammmmﬁﬁdmmem (@9 connsdytinal bAdpane)r hesembdy, Mlenryalve

322isin a ?fi‘fﬁfg g{)OSltl ?ltloned sample fluid 103 is restricted and/or prevented from flowing
e

through U r‘%'ﬁlrlrrl1 gtsésp%\Fae or 200 to the downstream equipment. Valve control actuator 332

actuates pargesRBa2rhemassfithto (fpgmew posthicnearic dive aiosé sepasitiorassamielyelad, elaﬁhre:mtrol

actuators actuators 31 3 a ny suit e of actuator includi

Ilmltatlon ée?feggr Ou N c?rauﬁ}?:alorl% eu%%l%c}(%\c Z%%i?s \%fhé%ﬁ%ﬁ %’é‘%ﬁﬂéﬁﬁs%% 4 [0087]
By emplayﬁﬁgd:hemmlpmsamﬁ raensots 187 Jifmpatattiresgasorsfistd 234 Andaliiaréatty: suaddes 321,
322), an actuat tuat rs 331,332 3 r VIOUS| descrlb 300 lS ble of
acqumng(;%1 real tlrcr{1e (fg)qfﬁse%e% é?artb?él g %8)6 mé} # ?qo Jﬁy llélaac qu%%s rﬁlo%%fe]tcﬁ 21 and at
different phied] pysificapaastorgniesibating)7Chimnsbpar 2006 ixstarddn MI@m@lBeaMmiuﬂehﬂ)ld;ffh)eﬂne
temperatu of conditio lg fl utI t 33 the and smon of alve
321, 322 f:e g. r(ﬁgenp clgz(gés agz:e)aar%% (é}% atu?s ofea S%B%%% ng 8eV|cpea1 asse nbiyql]‘?getc) In
addition, sy soritrédlinge/alvhe 82¢ and boodirg tewlcep220vwittndaits2d0s \8131‘1:11314& dueﬁhdatmely,

system 300 js ca C lling.the erature of ooling fluid 221 t|nI whi turn
allows sygte ttg?:(gﬁlfrgﬂsha em;?ér%?gr]g oﬁoo?tn/g fiid QLI% afty Illr?llrnseﬁf' ing c]ﬁ?amg cqug and at
outlet 214, a%&%lﬂié—éoﬁﬂméﬂaeetpmpmaedrerwf ﬁamqal@aélutﬂsrmnh@?at&mwuletmdaama.cdﬁtuejlmg

valve 322 y(yith E%uator% ste é)ablﬁv%f Scﬁorgltrra Ilgfn1 ihe élr%v&% corggitia%ﬁslg%%le fluid
103 flowi%lg o Separato ownstre m equipment. Eroup
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



100881 As shown in Figure 2, in this embodiment, valves 321, 322, associated actuators 331, 332,
and condition sample fluid outlet temperature sensor 311 are disposed in a housing 360 coupled to
upper end 20020f156)382ator 200. Further, the cabling for temperature sensefd/¥520aH2a8tiators 341
is routed to housing 360. The information acquired with system 300 (i.e., the temperature of cooling
fluid 221 diffatets SaBipat25iHet 220+2aBA0AGHT 0 hlatinditleeambeu@héisthé statodfand Positiod of
valves 321.322- the status.and.cooli wer of cooling.deyices.220; and the temperature of
conon e S T G RS RO B o
sample floignbeB o§ gasromidicesaldd frodndnaoinspogt 880t @theralbyvristreasss eoipngeaiti 0P 89w Rdferring
now to Fi -6, duri arapling operations, ong,Qr,more cooling devices 2 e turned on with
meruator e e e OB R T
position witfieastdatorts] 831 digin pesislt) Ehalingrdlupc2Z0-L fleavh Hemugtovaiemsy 370 tmeditivg
device(s) emperature of cooling fluid 221 isyeduced. The temperature oling fluid
21 at ) T A IR b S 0 S MR IS ST
temperattwe ghconficgsfRild 2 tatoinleis p08s AFd; baddd grotne i eastusepofatontimyiiei2221 at
inlets 21 gi [ lj i 220. rned on, an operating cooling device 220 maybe
turned ofij,agg é)g%fé%%%&%%%?%%ﬁﬁ%ﬁ g%gn\}?éled%?dling devices 220 may be increased or decreased
to achievidtfie desihéticshisbnatotegioradotieslaidf22paastione 870 18 dTotinggiloig270id cdded by

ing devi inlot e . o
Commart (gt s B VAl Al RS 8 RS A e
where cogling<I2T@-22 2 Bxiks ZEp3raitr-2 0oyathe sateg diliidR221 flowsr tirdag ikschagiogcAztnber 216,
it ' t it duit; Si : it . > flui le 101 i
puled o ooy ot s U BB A Re KLNES SRR RS KRl e
decoke fldieisampR7104 11y pivallflhaseeteinpthat erotvstiveets, 356 arit RO PoarfdipimtgadHbus state

with some s ed. i t tar. uncangditione o flujid sample 1 nters.inlet 101
At the lorr O T e oot el D A s
conduit 23%tis3RTcohsapemitnsBotb ith difédeantedyooohldOolindy At d27213aRd0Hemelabivehdiffitrdatoke
fluid stream:1Q1. As@ re a cur . i o [ thenmal energy in
decoke T S dim B 3B R e o BT 22y e
increasingotiested Pelatdie-af chblidg Al nays deateasss fisinllgronitovaroughrowyhing sanédlhg
chamber n ing.t ig-StEeas: 5 s axjally,upward
hrough S o B or s 2 T s
inlets 213,7§téaa719-ﬁ=1@Féﬁd@%@@w@oaxiﬁlwlﬂéwgwamlmﬁdugIaﬁiﬁéblalm@@a_mber 216 toward outlet
214, and i3 WArRERLhOYHSY %&%i@&&%&*ﬁ#?mp%’é%%?ﬂ GEAlke z?&@}m%f ) 1%{311%62‘4?&@ inlet

I
231, decreases steadily’moving axially upward through’separator assembly 230, and is coolest at
outlet 23@@&4%@@@9)@@@&%@0& SpepareedkaWheat Exshplirsr 25h0vny tiesmatehergy from
decoke flug) iR 18900 4001NG Ui 2@l TG JSIRSIRN G £ RRHNd I 19 AR, Al g gt xdal
positions befween inlets 213 and outlet 214 is measured with the’ remaifing temperature sensors 314
in ports mpéﬁ‘ﬂdtmtﬁl_, 88 incredeeiintehpdettare op.coatingdiuiteaghecarPbdendpitosepheatingracked
as it Progresses.Jrof, INIRtal S 69 Aleh Al wglﬁ?%ﬁ%ﬂga%wo{?ﬁ'@%&& AR DPatS force

unconditioned decoké fluid sample 101 enters inlet 10T at the Tower end 230a of 'separator assembly

230 and _m@@reﬁplmaeqhnis@@gmnep@er& asisdmblge denugengerad2iidiseparser assemibly 230,
uncond't'@nl%@vgleeﬂ&ezﬂléad S&M&W%ﬁ@&@ YUOrBdaWERBIe #RR- DI SARALAIGH 30%

unconditioned decoke fluid sample 101 has its maxirnum temperature at inlet 231. Lower plate 250,

being in Heddhamgiahirdinaicsciatopiatéantmeanbes 1S sprsmpaPituaadibatiicdSdd tatnrally
unconditigped glet, eIy dAMAIR 1 2 0uB 3 A ysendijonegl decoke fuid 101 encounters

lower plate 250, it is cooled as it contacts lower plate 250 and is forced to flow through bores 255 in
lower plal®P50 OngerHEst dué 39 the tarsiideR 288 dpsteendshiOgomizper tnd R4ahvel\sipnystpadiculate
matter mm%%ag%ﬂs@ﬂ@a ‘fﬁté%’é}{%@lf%%%%d?e@%“&ﬁ%‘{!&'ﬁé’é%?Qﬁ%dréﬁ)ﬁl(ﬁ'?é"’d%ﬂ“ymugh
lower plate 250. WO 2011/097122PCT/US2011/022824 100911 As best'shown in Figures 3,’5, and 6,
after pasaivgiese dbrewehdhemehbrie 2550uiclondgt ot deoxiabusipies M 1ot 2ddcyulenses the
plurality @Iﬁe@@osaiorﬁ@mb%sge%79w%%dlap% gireaka sapple duidiliERIRNGAUNIELS Separators
270 of group 270-1, followed by separators 270 of group 270-2, separators 270 of group 270-3, and
finally sepaPaghRosy &4 grbdpveronesinsgesatel, msetieditdfe dntbeoke24anip @ity Fdviadede to flow
through gaRREifieadedibanrdios drain RWE &1 NGERAIAINLREMBYS Pc Doy eYRmdrsitadhe
inverted cone geometry of each separator member; g70, as unconditioned decoke 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
memher 270 the 1inconditioned decoke camnbpnle flind 101 nrimarilvy flowe throtiah aac orificece 27A of



100921 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 2VOtHBIMETI@Rergy is transferred from the relatively warmer sanfi$lé/li§A911@2282¢he
relatively cooling device separator members 270, and the temperature of sample fluid 101 decreases.
As the teimpexiatiyeadt sace | ehfloigll Ghabery €285k sindontaimah ahte b ¢ie.2 Waief drd feamiying
hydrocarbons) begin to coalesce. and fqrm relatively heavy i 'dgro lets, which begin rain and
flow undesslfﬁvfe21 o éng% r?;lr\s/i?)/%golvr\l/na\%aar E S%ﬁn uar%Ié)ensugt}]%Q'} and %hdr%% A %%?’% rps)ogr){s{Sj 377 in
separatingupisdbe @ 2801t shoptevibaisiyptesicted tigas peaifiics| A6 matbakitly sajapbatisipaidingay

become captyred in such droplets and.flow axi ownward throu rain ports 277 al with the
cropiete. B R L R R R RS AT e

250, anddterafltwoagldiyaR@Viwi e thraughnbonds 225 tratoweyqul sae PHd g nepatttat232aak into the
bulk dec fluid stream. However, as.c inants 102 coalesce and drain, the remaining
uncondit%ﬁr?zagrgefc?g?(?) sg(ﬁ%e%ﬁatlﬁ?%iﬁ%g baesgﬁnégtpéaéspgrﬁ%ﬁvj{tﬁi&fﬁ%r?gsc%ly eﬂrlgmoval of
some conrtwimantsiddocartigases tfari g ateol prarct paratog mgas erifi¢e s @ 76Hv¢A0ABE Refettng now
to Figures 3, 4..and 6, after migrating upyvard in separatgr assembly 230 throu eparatof members
270 via e G S T SR S D004
101 encdumeseguzatlips th6 Oprababibivyouflyvdesoribede theittiypeljatent ctoaeating flutnd2ds id70sulating
chamber,216. the temperatureof separgtor assembly 230, and the temperature of unconditioned
decoke S e DO s L T oL DRy
addition, minlceb iy ofifioesy2Fh afatiatyabia it bepamigas maifindzsrd 77 & dbetheeferabhngdigposed at
different grqgﬁ;tlﬁéoqholssitég 13,280yt axes 205, 215, 235, as unconditioned decoke sample fluid 101
migrates upward throug sepgrato'r assembly 230, it is forced to change directions along a tortuous
path. As R&8ulispecspastyafasncbed|iiio tedcddooke saripies fludFi9drgy ddudl [y, decpdastisyartd the
pressure of uncondition dd%ke sample flyid 101 gradually increasesas it mjgrates through
separato?ei’gg]%?}ﬁqglﬁnfgb%ﬁrgm mIeatrSﬂ%l %eljhltlél%}ﬁ:%%{%? RlSJsi,% g’pégsazreza(@ éf?c?c?r{)d%ﬁovr%egedg&%ke
sample fluichbed asdgraditesk proringak cutfetc2 23 @od cqspercpac28Dmenthieh2#talsdltheaagidriat which
the temp 0 iti d decoke sampl id 101 and separator embly 230 are lowest.
These ca e T e SRR R BT SR
thereby embdiidtmenthelhoiegtiabtortdp alt sepmeohssnbdy2iting coatatténtionssho@ldThegivany
contamint% ?i%ﬂzi@??'i‘ "9 e | luid~,LA1 that did no le eparator members
270 will coa eesce as bn%n‘%}t%ggg%ﬂﬁétgze@%ﬁﬁgﬁé ﬁda%%?dg/r%gﬁitge%% ba I%%BZEOO%%%F YJ%B%?’ plate
250 and flesitsdrroentegmstorifigesip68 A, B3R, 258)- 3e 80 etivalpeedtultingsep the dinaktrdiesition of
uncondit'@maq‘g? %ﬁ‘%‘]ﬁ% [ > it] &N fluj pon_exiti res. 255 of
upper plate 250, ondﬁ?gﬁn sarﬁ e fﬁj?éT 1%%%ﬁg\%ggt@;%qg(ﬁ%ﬁﬁé%l%%%;ﬁgg%%é%orﬁ gstg)é%rhbt%f 30.
100941 Fhpattalasestbitpuld Coetagninhad toaftguted foppee-mamobafA22B0seleod teibersadially

inward alpng sUHaCRs 201 AA%AHR qIo.ReRSL SUFACce 361af e middie baflle 260-.T
coalesced liquid %?antamingng?%gZ on t{1e uplﬁ)e%?m%it ga%e%%%am%% %'J%%é |((;6V1€ 2{)(%3: y do%?ﬂ%grd
through aapagrips butwbes B 2dGignaduppéravtisglraftld@o0s6.en, gropgREehtrahdosepasddr The
coalesceldaghconaminans 402 o siany e hells 2aoudlengdsdmandiall suiyerd along
surfaces 261, 262 and dra%ﬁn%%roug%n / gaps 6etweenE(L:or%u2 ;%Af and ra |§}?{/ outer s%%r%%@s 264
into recebsforsseparrsonmremnbats? §e gesigardvethiezroeSivalisq iagtities 2f0fe coalesced liquid
contamingats, 162 may alsoidp (hrananons prifises AE6 NIQIBCRSS 41301 e yARerMashseparator
member 270. From reégss 278 oflggper-mdst separatcf% memberﬁz%%, Eq%flg cor?tamlgné%m(%sﬁibgg drain
axially davasgesdadisipitboidingly dubamipetniogosinarate menter Fédisusigsdéswibed, wdcdAbitioned
decoke sampig DA TidShreaded onto upper end 240b, followed by axial insertion of upper end

240b into central throughbore 265 of first baffle 260, which is preferably oriented with

concave surface 262 facing downward. Second nut 241 and first baffle 260 are axially

advanced along rod 240 until second baffle 260 is positioned proximal, but axially spaced

from, the upper-most separator member 270, and concave surface 262 axially abuts second

nut 241. Accordingly, second nut 241 maintains the axial separation of first baffle 260 and

the upper-most separator member 270. Next, two spacers 290, second baffle 260, and third
20



gradually transformed into conditioned sample fluid 103 by the gradual separation and removal of
contaminants 102, Contaminants 102 are continuously separated and removed WO
2011/097129PCTIUE20221/022824 from unconditioned decoke sample fluidPLI1UR20t 1MR3R3tes through
separator assembly 230. Although sample fluid 101 is described as "unconditioned" as it moves
through ém[ﬁ&eeﬁéf) assamblly 280 2acd sartopfed|0i) 10 usadiescatberfashiconshitiond 84 tieoRo6xising

separatof a bI uld he apprecia at sample fluid 101 is grad opditioned along
e e L e R B R S SO SRR E IS, ey
separatoﬁm@bbmﬁﬂ@%%&narcihﬂéﬂ?@&e[ﬂe@GflﬂeéemagermmfazoemgﬂIﬁ@ngsupwcbuﬁlhedeﬂumﬂ)ed

syetem 300 9a3ISRAEALUT AN IALRD seainAdo el e SRR Rt ana na i A each

inlet 213, out taX| al positions Wwithin insuia g C amber emperature
of condltttlméobaﬁﬂn[ﬂé(fluféiemidamm@t @88yl thvet Sebtumcaubly positicessobeaqivvs\mBRE, 370 (e g.,
open, clo (el).the status+qf coolin VIG 220 ff etc,). In addition,
controlhn%ez\fa e)?a%% ﬂ)f)c{oc%l?zlga gf\l/?ge ZBO%G!L%C%?}a ogg 33 e&%qu%spec }I(\}% sﬁsltoe%o 00 is
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temperature between 38 and 42 F results in a con et temperature
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inlet qu%%éﬂgﬁ&l%ﬁﬁ’/‘&ﬂ%@&%%%%ﬁ%ﬁs Accordingly, embodiments of fluid separator 200

enable removal of rod 240, plates 250, baffles 260, and separating members 270 axially for
maintenance and/or cleaning operations without necessitating the removal of conduit 234 or
insulating sleeve 210,

[0083] Referring back to Figure 2, sample monitoring and control system 300 includes a
plurality of temperature sensors, a plurality of flow control valves, and a plurality of valve
actuators, which work 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
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temperature sensors 314, is too low, the degree of cooling provided by cooling devices 221 may be
decreased via actuators 341 and/or one cooling device 221 may be completely turned off via its
actuator 34WONHAVHr band, if the temperature of cooling fluid 221 at iMEEPIB1H22%4sured by
cooling fluid inlet temperature sensors 314, is too high, the degree of cooling provided by cooling
devices 2adlimgylbel indeedd8doria embliafpfiiRidudliot tompomioirersersadilit doaloaieting 4ewideal(s) 221
may be turned on via its.actuator, 341, In,.some instances, the temperature of unconditioned fluid
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from separator 200 to the downstream equipment. Valve control actuator 332 actuates valves

322 between the opened position and the closed position. In general, each control actuators
(e.g., actuators 331, 332, 341) may be any suitable type of actuator including, without

limitation, electronic, hydraulic, or pneumatic actuators.
22



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 limitedVEy2tHiE0d7RAY particular theory, as the volumetric flow rate of tRE€ BENPId®FR§RF through
the device increases, the separating efficiency and capacity of the device decreases (i.e., lower
volumetripdioy Byeerapldisdp Mghanpssatiecanchiony ¢digletwiibitathee devieasd1¢0ding, andves
coalescence)
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cooling fluid 221 is reduced. The temperature of cooling fluid 221 at inlet(s) 213 is
preferably between 38 and 42° F. Inlet temperature sensors 314 measure the temperature of
cooling fluid 221 at inlets 213, and based on the temperature of cooling fluid 221 at inlets
213, additional cooling devices 220 may be turned on, an operating cooling device 220
maybe turned off, and/or the degree of cooling provided cooling devices 220 may be
increased or decreased to achieve the desired temperature for cooling fluid 221 at inlets 213.
Cooling fluid 221 is cooled by cooling devices 220 and pumped through inlets 213 into

insulating chamber 216, and axially downward through insulating chamber 216 to outlet 214,
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The embodiments described herein are exemplary only and are not limiting. Many variations and
modifications of the systems, apparatus, and processes described herein are possible and are within
the scope oMmMBMBATIGA. For example, the relative dimensions of various PERY S 1/izasHals from
which the various parts are made, and other parameters can be varied. Accordingly, the scope of
protectiowlierotdutiiigdlic di2 eratiedikianisod@otibad bestity Huid20hlyldimitaddyshmaliidigthat

ol e i 5 bl sl f e et gt o s

comprisirdilyid fimghleeirasopuibdripance btk dxislantluitkichag: aftiadulkktidecsleetlajhsseparator

assembl)ér%) ﬁ)e(}%ly tg(iaSBrcl)goelgthli(ggierat(rl]gccs)l?eeﬁgicﬁ Qe(ljmple 101, typically has a temperature between
350 and 700° F and is in a gaseous state with some suspended particulate 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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an annulus radially disposed between the sleeve and the separator assembly; wherein the
separator assembly includes a conduit, a support rod coaxially disposed within the conduit, and a
plurality of s¥PatetpInEhbers coupled to the support rod within the conduib.C2/UsRe1 023824 mpling
system of claim 1, wherein the plurality of separator members are positioned one-above-the-other in
an axiallyeesigndindataskowithin thigwesdyits, and he Hitie: sassplin ghsysghniosd alaioddlplafeesin each
separator member extends radially, befw he rod and the conduit; wherein each separafQr member
ex'?ends z‘i%ﬁg& t%e(%l\}\/ezeéeedrjlggoﬁkgpsgﬁl lpGp?elt}ugr?l(?) zgned“éo or\l?veerF (tgli;ll% ?ergll\}]\; eorf(?lsne e Olégﬂ)eélrl o7 r%%(;%ber has
a frustoconicaldttitecd utéacke raniahe fhuiddidly fivatacd comvieg Beparthers T6r ehditouhe foaer end
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due to the inverted cone geometry of each separator member 270, as unconditioned decoke
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 102 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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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. 6. The fluid sampling system of claim 5,
wherein eadN@asldfititehas a radius greater than or equal to 1/64 in. and BE€$/TA16/022534l to 1/16
in. 7. The fluid sampling system of claim 2, wherein each separator member is axially spaced apart
from each GixwmtpadiasdnatBep26atoAmpreNiens]§. d’émiﬂm'i;i temptipg aystart @fotiagrlbidddrain the
as orifice of.each ember is disposed at a different a orientgtion abou the & ntral
gms than'the %t: oﬁ}ftgrealgo ?&?ﬁ %;')%?ﬁl %&Jaceen SPATator mam Bg' %ro fie Iﬁt & nﬁ’pﬂ?’tltg sys em of
claim 5, whemamttheetbﬂ/ﬁxokndmﬂadhuyépﬁﬂam&mmI@eomnhldquer eadt@al(]tbtrbalﬁtdscﬂémmtcbhdlngly
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baffles dis %%e rod" E{J]glglrll t 18°6| allt%%segzga :)ijr meﬁ ad acer§ Sf)%eglen%l Lé? the rod,
wherein éﬂ@hdnafﬂeefmmlmlsésmmdm dtﬁqnedtdnghiarnpgs&twnmaﬂawslavtem@%}d% £oh¥Bx surface
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surface andt the convex sur ace d%lé %tlerstélg‘f/vg em of ctaim 10, wherein
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sample fluid 101 gradually increases as it migrates through separator assembly 230 from inlet
231 to outlet 233. Thus, the pressure of unconditioned decoke sample fluid 101 is greatest
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 throug}t 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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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. 14. The fluid sampling
system of cith2021/00AB%in the plurality of baffles comprises a first baffle aR{aIW$RdkinI2884proximal
the separator members, a second baffle axially positioned proximal the upper end of the support rod,
and a thit’f&iob:aﬁte:wcﬂaﬂiy@dsﬁéonbd betplediuttid itstbaffle mndthiersegondpbadfie; assembhefsii the first

baffle and e, saeand bl ara 6790 arenied wihe comvexsuriace fading oward: and yherein the
second ba Loriented with the concave surtace facing upward 15: The fiuid SA plin sys(fem of
claim 10,aﬂmmbl}c@ﬁfprmldgsalﬂtp\weﬂpiétéQﬁspoémmmﬁjaﬁh@mponerbdlmmlmahmlcmﬁnamd of the

support r e | t the su I rOX|m upper.end of the support
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surface, ﬁ }é)lgr ;«i,ﬁ]é)rld%q E&E‘? tguj‘l/rl\g axj (;aél%gg;)m the upper surface to the lower surface, and

a central t at recelvest e support'r The fluid sampling system of claim 1, wherein
the fluid Wﬂa&efexmlgdmmw feone 2n aqopefrvemdslm defowbed riystem Wheredqihesarmaltiimencludes

an inlet py rﬁ?ﬁ Lie 18%?%%%9&21 QHe 18 ower en 805121 W 2‘§nd eacﬁvnﬁe?'ﬁl ecantdﬂtlncludes

an inlet at ower en outlet at t et at eup per
and at different axial posmons within 1nsulat1ng cha1nbe1 216; (b) the temperatule 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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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 oneMerpa RN sensor is positioned in each port. 19. The fluid sdblFPEMAIB6f claim 17,
further comprising a cooling device adapted to cool a fluid, wherein the cooling device is in fluid
communicatjcraiith seesmieBbfhe anrulusth@egive thfiicoshimpphngviisicm obalinignddsicistiar

comprising; first valve adapted t ntro) the flow of fluid fro e outlet of th nduit disposed
at the upﬂ?eary ebned%f(?:lclflefassteéc\fhaa (%83? gsb%é%f)t%né)())(ﬁt% Gi58 ?I}‘ISI% vgwg?ng%fercnc?ﬁ \%i?/lél}ggg%ﬁ'g%l & Control
the flow offflvid {hraoghttihe3ilet Ohttie atinulbsand, sédontbapkratarcadapteling tomiret the sdetnd

T D T

temperatwel senporypdsitioy ed giogideai tbe 22 tletayf bed maaaieil aithetuppes 84t andl@dapted to

measurelltfl%eret et ecg(];l?ntglu(i%%%e I3392 01%%9 tttléa ‘t(l)lllJ}llt:e& %fnthacag da%i{u%&}p Sy Rpefneggrhe
instances, the temperature of unconditioned fluid sample 101 and conditioned fluid sample
103 may still be too high. For example, the temperature of the bulk decoke fluid stream may
unexpectedly spike, all cooling devices 221 may be operating at maximum capacity but still
cannot achieve 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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21. A system for removing contaminants from a sample fluid, comprising: a fluid separator having a
central axis and extending axially between an upper end and a lower end, the fluid separator including:
an insulatin§v§1@81B0ax1aly positioned between the upper end and the lowePERYS2011422834rator
assembly coaxially disposed within the sleeve and extending between the upper end and the lower
end, the seppraftuidssembiytinelerding dherlatdtiondmgaldlete arifowevar) ambuliimeadialbsdidpdsed
between,the sleeye and the separator assembly, wherein the annulus includes.an inlet and an outlet;

2 oo B e B A T R the B o T e SR RS anc
control sylstemeesupte ctin/ e fland/se garpyeandricldsdind):the actual fiystltsmpetiatufieisersordproximal

the outlet of the separator. as bEI the first & erature sensor adapted t@ measure the temperature
of a TGO Lo o0 (Tt B (Lo iad e Sebe e DA RSt Yo arenn
the monisenpdeafididohifolnsyatermdfwitie semmpAdésan seton@idmherateasusahstnypenxinmal/tie inlet of

the annulys, ing ﬁrsfeil%mﬁ%r"é‘%‘s’é%s 1598 BIGRRY RMRSRUS R IRIVRE S ©F B5esogiagiuid

flowing tﬁroaélnl%ﬁ inlet of the anr?,ljﬁls. y
every 1° F decrease 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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23. The system of claim 22, wherein the monitoring and control system further comprises: a first valve
adapted to control the flow of the fluid flowing through the outlet of the separating assembly; and a first
actuator adayedid/¢m2eol the first valve. 24. The system of claim 23, wheRGTBE20MEMR3AHg and
control system further comprises: a second valve adapted to control the flow of the cooling fluid

through thednist obihs@noelof tlandohsacancactusthbadbgigd imtentts! the secandpatialags. The
system of claim 24, wherein the insylating sleeve furth rinclllEJP%Fsa lyrality, of axiallges ace%é)orts,
each port EStEndNS SN S R LTS G S e SR BRSO ORISR
monitoringeand tanttal aysien fudtier gemaribes enrdtrnpsiriviesemionslisdpostddueadt et and
adapted

cdened ¢ mecae L SRESTAU S0 ool e ot lp g 2 T v

insulatingslegeye@nd fefising e viketdabha ite iauitebed she: sepharaienmasrepdslydsscaltegdoitreia

Coaxially(gj ,csge %%Séjré’%’éﬁﬂhfﬂe}ﬁﬁe%’, %%%Hés, plates, etc.) provide a total surface area of about 1,884 in.?
[0101] As previously described, maintenance 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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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 me@BeryM™d 23xially positioned one-above-the other. 28. The syBERUSEHAIR282A wherein
each separator member is an inverted cone having an open upper end and a lower end disposed
axially belin ¢hbogtipemgndiesaniied hadie rain eaoipkepandioami encher ihclittes Myay onfiedgmoximal
the uppet &t gnag%gag (D Bt P goggtlerpnasl tzpe ellge\lltlgsr eplg rgcg : -srhsed% Sl%@d?fe%%llrgrzeS owggfg g ach
separator member ciudes an infer recess exten Ing %ma?ﬁ/?rom the open upper é’nés and*

wherein tive plihalitthofsepacdtibe nmemiters altoamanygd,itha rwidted diitiethiens néveetesspafteach
separatopmemperfeceiving ihe, et ead.of ine il adiagent senarator member. .20, Tg system
of claim 29, wherein the &ura |fy 0 separal%o Members ncludes a firsteet of Separator membeérs
having a ficstondingigy ictheogas Dpifitestiand astclimicid et dfesephodiorams ridxersbhd iagia,datond
number of t rifices.wherein. the fiest numbper and the secon mber, are.different. 31. The
cystem oF la BB A e L DL S T B ot et
membersleondistit gnofttowf gasaaifites; 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.
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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 @I BAIBA2e third set of the separating members; and wRERIBEL R824t of the
separating members is positioned axially below the fourth set of the separating members. 33. The
system of claim 30, wherein the gas orifices in €dcAXMifhe 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. 34. A method, comprising: (a) acquiring an
unconditidfed ifwidissdpde 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;
an annulds radidifldidpasptigtysten, twnipdsitaging sleeve and the conduit, wherein the annulus has
an inlet; and a fluid separator having a central axis and including:

an insulating sleeve;

a separator assembly coaxially disposed within the sleeve; and

an annulus radially disposed between the sleeve and the separator assembly;
wherein the separator 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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a plurality of separator members disposed within the conduit; (c) flowing the unconditioned fluid
sample through the inlet of the conduit; (d) flowing a cooling fluid through the inlet of the annulus; (e)
separating a contaminant fluid from the unconditioned fluid sample in the separator assembly to produce
a conditioned sample fluid; flowing the conditioned fluid through the outlet of the conduit; (9)
measuring the tempeiatlnie HMmpkneskeirRdaEelaiEaphfen eadhead atifitohipe Eoivdaiteagidhan (h)

analyzing the,cenditignesh fikid-sasptRaitor etimpie @ugipld rate for a product in the bulk fluid stream. 35.
The method of claim 34, further comprising cooling the cooling fluid with a cooling device. 36. The

method of claim 35, further comprising maintaining the temperature of the cooling fluid between 38 and
42 F at the infet of timkeifigidatimglslgey@em of claim 2, wherein each separator member is axially spaced

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.

9. 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.

14.  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;
33



37. The method of claim 36, further comprising measuring the temperature of the cooling fluid at the inlet
of the annulus. 38. The method of claim 34, 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 conduitvhereiihgie figihbpffle e g secoidhaflin asritiopren®dididamp RRASXfEEASEonditioned

fluid sample gy tovwaid, tRROHHBIRT the SROAYIbAN iSeRBREN A HICRORENINAR A RRikge surface of

one or more separator members. 39. The method of claim 38, wherein each separator member is an
inverted coné’%‘?ﬁﬁg 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 enq.S. 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;
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40. The method of claim 39, 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. 41. The method of claim 39, wherein each separator
member includes an inner recess extending axially from the open upper end; and wherein the plurality
of separator memb@r8raiéeBielAlERl BNPhRTb@N PIRdMahteridelsef dhecaiivie paraadrnigeritber receiving

the lower engyahdfie MxiaihRAIRFEN HEPRIAIRIMRIIRGgHRe Hig sRibash@Ls/aiy 39, wherein each

separator member has a number N of gas orifices; and wherein the number N of gas orifices of one

separator member & BRPAS IR HSAIRISICBR Y RO YA A2 falelipb it UL 2k BE@ber. 43. The
method of claind &4 Avafier onepsisinge (Ereerataty cfentitadifioviing flovugit theccdpdiicmecbsduinple fluid

through the Oa'ﬁlﬁet Sgr}@r%&?nduit; and

21.  Asystem for removing contaminants from a sample fluid, comprising:
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 extending
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;

a monitoring 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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(remotely controlling the flow of the cooling fluid through the annulus. 44. The method of claim 43,
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.
45. The method of claim 44, 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

predeterminesh leMB@EAYMEHAIYRIm 20, WhGMaHIARoAIS R APeNRST SSRFrRRIGISHRISRd temperature

range is 38 to 42 F. 47. The method of claim 34, further comprising adjusting the estimate of the yield
rate for the productd fAevBlYk aflaRIed e conialsitg HavS Befhdrationang thohniirightd AlEsample at
the outlet of tiwpaaidLatsedBlytlardmethod of claim 47, wherein the estimate of the yield rate of the product

in the bulk fluid streag is_incr d % .and 0.3% for each 1 F increase in the temperature of
the conditioned san?ﬁ(r-:‘s fTslauclI aa%?tagea%%ﬁgv%%%qé ]Ehén'%ﬂﬁt‘{%‘%d 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 ¢f the gapdifipnedrspmpia flvideihthe MeHRbGAGRRCNEYItsystem 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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29.  The system of claim 28, 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.

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.

33.  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.

34. 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;
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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;
an annulus radially disposed between the insulating sleeve and the conduit,
wherein the annulus has an inlet; and
a plurality of separator members disposed within the conduit;
(©) flowing the unconditioned fluid sample through the inlet of the conduit;
(d) flowing a cooling fluid through the inlet of the annulus;
(e separating a contaminant fluid from the unconditioned fluid sample in the
separator assembly to produce a conditioned sample fluid;
0] flowing the conditioned fluid through the outlet of the conduit;
) 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.

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

device.

36.  The method of claim 35, further comprising maintaining the temperature of the cooling
fluid between 38° and 42° F at the inlet of the insulating sleeve.

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

fluid at the inlet of the annulus.

38.  The method of claim 34, 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.
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39. The method of claim 38, 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.

40.  The method of claim 39, 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.

41. The method of claim 39, 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.

42, The method of claim 39, 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.

43.  The method of claim 34, further comprising:
() remotely controlling the flow of the conditioned sample fluid through the outlet
of the conduit; and

()] remotely controlling the flow of the cooling fluid through the annulus.

44.  The method of claim 43, 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.

45.  The method of claim 44, 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.
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46. The method of claim 45, wherein the predetermined temperature range is 38° to 42° F.

47.  The method of claim 34, 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.

48.  The method of claim 47, 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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