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removal of the chemicals, thereby increasing cost. Still other techniques that employ heating

are less effective at breaking emulsions.

20 The separation of liquids from fluid streams that are primarily gas is also an important
process in industry. In many cases, gases with a high economical value are obtained
containing very fine droplets of liquids. Examples may be natural gas or many other gases
used in the chemical industry, such as chlorine or sulfur dioxide. Also, in process industry,
vapors may partly condense, which may also result in gas containing fine liquid droplets,

25 especially in high gas speed applications (i.e., the high speeds provide significant force to
draw the droplets along). Further, any obstacle in the flow path may generate high and low
pressure areas, resulting in more condensation at the obstacle than compared to low gas speed

application, where the pressure differences are much lower.

30 As these droplets can corrode piping and are harmful for pumps and other processing
equipment, they should be removed before packing or transporting the commercial gas or

using the gas in a process industry. Further, consumers want their products as pure as
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Still, for large scale in-line operation both mesh wire technologies and accelerators
have their disadvantages. A mesh can become clogged and requires the gas molecules to
follow complicated paths through the mesh, costing mechanical energy. Increasing

25  gravitational forces by spinning also requires mechanical energy that is generally drawn from
the gas to be separated. This consumed mechanical energy results in a pressure drop, which
increases the required number or size of the pumps. Further, both techniques require

sensitive equipment that is vulnerable to erosion.

30 This section of this document is intended to introduce various aspects of art that may
be related to various aspects of the disclosed subject matter described and/or claimed below.
This section provides background information to facilitate a better understanding of the
various aspects of the disclosed subject matter, It should be understood that the statements in

this section of this document are to be read in this light, and not as admissions of prior art.
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be related to various aspects of the disclosed subject matter
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disperse phase component in a process fluid. A flow path for receiving a process fluid
primarily comprising gas is provided. The process fluid is passed through an electrical field
generated by a plorality of electrode plates to coalesce droplets of the disperse phase

20  component.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

The disclosed subject matter will hereafter be described with reference to the
accompanying drawings, wherein like reference numerals denote like elements, and:
25 Figure 1 is a simplified diagram of a fluid separation system in accordance with one
illustrative embodiment of the present subject matter;
Figure 2 is a simplified cross-section view of an electrostatic coalescer in the system
of Figure 1;
Figure 3 is a diagram of a flow disrupting element that may be used in the

30  electrostatic coalescer of Figure 2



25Figure 1 is a sinplified diagramof a fluid separation systemin

accordance with one illustrative enbodi mrent of the present subject
matter; wo 2iftiguse 2 is a sinplified cross-section virewskoans3zes
el ectrostatic coal escer in the systemof Figure 1, Fi gure
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2010105468986d 1US20091063398 Figure 4 is a sinplified block

di agram of a control circuit of the electrostatic coal escer of Figure
| ; Fi gufignrs 5iig agimplifisd; digesam of aqrositivotoon thydnay Reemeleysd Wan May
be enpl o b :J .he control circuit of Figure 4;

5Fi gure %ﬁﬁéiogng@%p |t%?glg&%tltdgc@k’ugﬁ j<"i’gram of an autogenerator circuit
that Smay be digireyeeds arsimpléfiedobloeloldiagiant wif tanofuteiegeats circaihdh®; may be

Fi gure 7ni151 %d%ia H;Blci gtil_eicé._dip&l%igir&g‘[%mﬁof an alternative enbodi nent
of a control”Citcuit of Lhe eleettos ac.th’C coal escer of Figure 1;
Figure 8 is &Figirendl isfd eehplitied blodk alitceam of aa dllertadves ephsdiinennofSy sbierol

i ncorporati ng.an Oext er nal ener.gy s_og_rce with an electrostatic
coal escefieuit of the glegigostalic goalesgen @ Tagute Ly oss- section views of an

alternative erhRdRMeAtimiiRE vRIRHidPih AF h ELEPMpEBEEH sydmincorporating an
I nternmedi ate insul ati ng nmenbers di sposed between el ectrode pl ates;
and 10  external energy source with an electrostatic coalescer;
Figures 9 and 10 are cross-section views of an alternative embodiment of an
electrostatic coalescer with intermediate insulating members disposed between electrode
plates; and

Figures 11 and 12 are cross-section views of an electrostatic coalescer in accordance

15  with another illustrative embodiment of the present invention.

While the disclosed subject matter is susceptible to various modifications and
alternative forms, specific embodiments thereof have been shown by way of _example in the
drawings and are herein described in detail. It should be understood, however, that the

20  description herein of specific embodiments is not intended to limit the disclosed subject
matter to the particular forms disclosed, but on the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within the spirit and scope of the disclosed

subject matter as defined by the appended claims.

25 DETAILED DESCRIPTION

One or more specific embodiments of the disclosed subject matter will be described
below. It is specifically intended that the disclosed subject matter not be limited to the
embodiments and illustrations contained herein, but include modified forms of those
embodiments including portions of the embodiments and combinations of elements of

30  different embodiments as come within the scope of the following claims. It should be
appreciated that in the development of any such actual implementation, as in any engineering

or design project, numerous implementation-specific decisions must be made to achieve the
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Figures 11 and 12 are cross-section views of an electrostatic
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details that are well known to those skilled in the art. Nevertheless, the attached drawings are
included to describe and explain illustrative examples of the disclosed subject matter. The
words and phrases used herein should be understood and interpreted to have a meaning
15  consistent with the understanding of those words and phrases by those skilled in the relevant
art. No special definition of a term or phrase, i.e., a definition that is different from the
ordinary and customary meaning as understood by those skilled in the art, is intended to be
implied by consistent usage of the term or phrase herein. To the extent that a term or phrase
is intended to have a special meaning, i.e., a meaning other than that understood by skilled
20  artisans, such a special definition will be expressly set forth in the specification in a defini-

tional manner that directly and unequivocally provides the special definition for the term or

phrase.

Referring now to the drawings wherein like reference numbers correspond to similar

25 components throughout the several views and, specifically, referring to Figure 1, the
disclosed subject matter shall be described in the context of a fluid separation system 10. The
system 10 includes an electrostatic coalescer 15 disposed upstream of a separator 20. The

electrostatic coalescer 15 is resident in a fluid stream defined by piping 25.

30 For purposes of the following discussion, a fluid stream may be a primarily liquid
stream of a primarily gas stream. In the illustrated embodiment, the electrostatic coalescer 15
is operable to increase the size of liquid droplets in a process fluid, such as a hydrocarbon
fluid. For example, the coalesced liquid may be water present in a liquid hydrocarbon stream

or a gas stream (e.g., natural gas). Of course, the particular fluid provided to the electrostatic
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30  ionize the free particles.

Although this description illustrates the separation of water from a hydrocarbon fluid,
the electrostatic coalescer 15 may be applied to applications with other emulsions where the

specific resistance of the continuous phase is larger than about 10" Ohm * m and where the
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attracted by the homogeneous field to one of the electrodes 45 because the net charge of the
25  droplet is zero. The polarized droplets do feel the gradient of the electrostatic field at short

range of other droplets. In this manner, the droplets are attracted to one another.

The particular geometry of the electrode plates 45 (e.g., arrangement, number,

thickness, efc.) may vary depending on factors associated with the particular implementation,

30  such as process fluid, piping diameter, fluid pressure, expected flow rate, etc. For example,
the spacing of the electrode plates 45 may vary depending on the processed fluid. The
electrode plates 45 in a gas coalescer may be spaced more closely together than in a liquid
coalescer. This reduced spacing may be achieved by reducing the diameter of the coalescer

15 as compared to that of the piping 25 to allow the same number of electrode plates 45 to be
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10coal escer 15 to increase the water content of the process fluid
prior to coal escence and separation. Figure 2 illustrates a
Cross- sectwonomiod8bf the el ectrostatic coal escer 15. [PRT{U009/063398
illustrated enbodi nent, the dianeter of an outer wall 40 of the

| !
el ectrosta g& zlqgjt QR fefl ot c%oselgS BH@%%%&YC%J GRRends, Onét%%l fé'ﬁ@&ﬁ,t Bl L

the pipin Fovide dn 1 n>

anangenmatiinbefbidlettpds plareg 45 mgughintagsedi i ngnézﬁoppemses ldrtyr decplodd hiates
Hh at_s bstant' the sane flo

el ectros al escer i.al l r at

ol orel s ot iers] et g el of Bsieshronaingetaeols ik Bapfte o
coal escgpcrdme ¥ eHa&hcMIe br tBwl Mk teqlifr@V@d18 strdn@thsome enbodi ment s,
obstructive elenents 52 may be provided in the areas where no

electrical field 20is generated to ensure the exposure of all of the

fluid to the AE;' 1ﬁ9§t{a’te(élalln lﬁlﬂﬁg%s the 1n31de Iﬁfacglo?%er ﬁﬁ&l%bl? 46 aﬁ!i Ctihe electrode

generated by the electrode plates arizes lrquid droplets in the
process pdatesetinare codtegicwith g/pm@mtwalayczé Ot lﬁ’sxlalak}}atth&)lstvmm‘@ lfyes |56 profents the

pol ari z e not.attracte en to.0

br ¢ he- cisstbfopEtT 48R Fmitl TRESHEE Qtesh R BPRAE B8 et Bieto o uBRS

The pol asrichaflicals apthetpocdes fleie) addnaayilasli Isfe{?ft asan dlgriel astlhos it(ﬁieldﬁce the

field at_short range of other, droplets. dﬁ thl? nne%%¥the d e%
¥ecti-ar the

are % t rikelibepd; of ?&ﬁ’é‘watf%‘t’??éradﬁce“t clyfeodp ﬁvtfafa%

el ectr Oqﬁot%tﬁ%@asyeﬂ% {iRnle epdXy, ABSARBRAnonHeARR g Eé}mﬁi@e |G stic @bdinks, TRY
vary dependi hg on factors associated with the particul ar

i npl enerfParddonsing (Preersses asichr wc ardding,uphgmienl pyapgr dleReriians | Phiypiggld vapor

Dr oo kSRRSO N narRL S, o EONCMAR e IR SREP I i
el ect r odeheplpadterdivd Jasiers en gasomr&l 85laess myeebehespad'edlcaﬁmeeumdlmal of the

t oget.her than i | i gui

oy edPBy Petilefnab At araTREE T sprrine ESRPHETe, FRATA B iGisips,
that of dpbey PhabingenadSbd eoveledayy & Reram@imeondusdigr coafing! &aé padieulpt afselatodS

to be WO 2010/054080PCT/U82009/063398 use but spaced pnoye close
Al t er nat3Pdar gbrasipn regisRbEHINEEGIeTiEt MBY VAR treeingon meErhRnicy @Pﬂ%l?em

el ect r odgstpatiBftefd emlcﬁ%léﬁaﬁ{e@@@%ddwﬂe&n@ eBRtaPP! i cations, |ong
el ectrode plates 45 having a length several tines the dlaneter of the

el ectrostatic coal escer 15 nmay be used to increase the residence tine

or tf | ower tIlﬂg efe%ﬁlb’cier ﬁgteg iélglngaysﬁé S0t tha zﬁranged to provide for a relatively high

Reynolds number, thereby providing turbulent flow of the process fluid through the
electrostatic coalescer 15. Turbulent flow causes the velocity of the process fluid to vary in a
random manner, causing an increase in the small-scale movements of the fluid. This increase
in movement makes it more likely that water droplets in the process stream will come in close
25  proximity with one another. At this close proximity, the dipolar interaction induced by the

electrostatic field described above will be stronger, thereby increasing coalescence.

In one embodiment illustrated in Figure 3, one or more flow disrupting elements 52

may be provided in the electrostatic coalescer 15 to enhance microturbulence between the

30 electrode plates 45. The flow disrupting element 52 may be fabricated from an electrically
insulative material, such as a ceramic, plastic, or other electrically-non-conductive solid
material. The flow disrupting element 52 includes a plurality of pillars 53 interconnected by

cross members 54 in a grid arrangement. The grid disrupts the flow of process fluid through

the electrostatic coalescer 15 to increase turbulence. The flow disrupting element 52 may be
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As illustrated in Figure 2, the inside surface of the outer wall 40
and the electrode plates 45 are coated with a protective |layer 50.
Cener al | y, wolzeios¢isect i ve | ayer 50 protects the el ectr da/isrewg633406
fromerosive or corrosive effects of the process fluid (e.g., due to
particles or ¢ ca S.ln t RLOGESS el d) and SO _sekve a

el ectri C%SR%OH%JJ E een %daacent ectl flf];] 8 _?Lea 45I IU¢<E|S|1 5} ¥ﬂ% (%srup%n elenéen
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| ayer 50_i nc) ude, ep ectrlc con ucting ceram.c pl astic
coat i ngslo¥t 1’“3‘6‘8&@%&#@“&%% 8§ é‘“ fenwmaa Whe&%ﬁ'ﬁ-nsf@&’lla(?aﬁﬁﬂr
deposi t | RéVnolB Vg6 ard/ AP ARNOS tblppdvidd tﬂib%[e'nf\ﬂ@wet c. Alternatively,
electrically insulating |ayers nay be conbined with other protective
| ayers on the outside surfaces to meet the mechanical requirenents of
the 15 appl 'Iﬁ%&' g@l&ﬁ?lgWhEI%QE@‘ﬁh@nStleglﬁl&hf%ﬂgg Hodh &leJeoﬁ'l inar ﬂow the

resi stance). an I nsulating epoxy coatifg may be cove
by a ceranird pagrod wlct stn:gmcmﬁthanga nitiek hjghet speed toan IthBSlulll't&ﬂ@T" theafatls. ThlS

abrasi on,resj stant .coating.sele d vary.depe c
oqu r oty Shettelisnt 3R AR aSRO R Farltfre BY pPGREF et PRogRee 5ot
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pr ovitdi gt bir BigMiERt e malks e dﬂ%‘u‘é‘”“é‘PBé’é@Q“’fqvﬁ{ eteiLFFB%enPlf‘tﬁ%“5 more even in
el ectr OStEl%S'd?kt%ﬂH@hle?e%@lﬁmlﬁraﬂ-éﬂt‘épﬁge%@Khefell&Woﬁﬁi&%ﬁleEd@? 1yelocity of the
process fluid to vary in a random manner, causing an increase in the
smal | -scal e novenents of the fluid. This increase in novenent makes
it more |ikel r gpigl X olre. LN
ol ose 25 pr Cerainy Dot 4, uEbRaL vl RIBRERT SEARATaM sSifont
di pol ar elagtrestatidt ccmiesce;rdLﬁcesdpxbyMt:dne Tk guopentsdsadfi the fpradesh ﬂmsloaffebeme net

S ) e o B SRR 0N FECLSRRCT e 0

el ement s|552 nisAyled as p&@m&ﬁ@oum phiaBel&4ifhCd FeOiSfonb?2 Eepecladting el nel 2agabitance
enhance m. cr ot urbul ence between the 38 el ectrode plates 45. The flgw
di sr upt 33§ TeNEHsh deBBed Ry, ths ArRAMEA OF Hher §eRtiods P Pr 31dahe process flui

i nsul at i paei AP sl thergUC hl“lﬁscoﬁn&e&%ﬁltoﬁ ﬁ&la@éslaqa in@lct@d%4nd an alternating
el ectrical [ y-non-conductive solid material. The flow disrupting

el enent oBzeRt{dC)deseraionhlur@olicpyvedy. tyi inflegtey @3ingd theerapamioe 69 e 19yistor 63 s
Menbey s ?{l h%rél n%%% T@P& ‘15 zgl[ 2bdeds h%rdéﬂhggt]%%%n&lt%‘ﬁ‘m?i 68. In

process rou ectrost i"C coal escer I NCrease
t ur bul ergeaelall'ﬁe AC (ganeniatmr ﬁfpmalmgmfsl iesneugut H2quenyy iethe YWlbnant frequency of the

LT R SRS oSk PRSP R A RSB Rl Sk 3 e

dependi ngC (ganﬁtlhel FEErecdidsad vaTabRNGaRNdy anttoRaZivaefen thheisalpplidd @dge
plates 45. Flow disrupting el ements 52 may not be required in

i mpl enerflesiredrlatahit © foser OPP]SWP“&HE eRIOREV I ds nunber are
suffjsciently high to provide turbulent flow 5 In an
application where the fluid stream exhibits a high degree of |am nar
flow, the cedn pid empadimert, thihdCsganerator @b IMaythe\aa aatogensrater] Cglﬁélt épéte@lwn

than theo Akt @l NRVE! 18 ol S ool SHAL ARLELHS L Grllkel ERH el 7

a short residence ween t he el &Ctrode p‘la |on
or in plaagéfiedtionevink aw cdlts:l’oumﬁctﬂdgo&htemﬁnﬁl& Eanﬁmnlmﬁﬂmdttu rabul [eRities
fl ow gui des rovi ded to make t di,s ution of flow. over

t he el ed?‘?‘pod'é“epﬁoé%é’g? ipgp Sé\fé?P“FW &P %Fe P eqUPY AT S HYATR- a
bet tx®r usah®fehitRifdngCiheosiatbhiCcitl 65 ¢Ltoukdd to the positive loop of the AC

generator 66, thereby providing for passive frequency adjustment of the AC generator 66
corresponding to the resonant frequency of the resonant circuit 68. Figure 5 illustrates how
the resonant circuit 68 is incorporated into the positive loop of the AC generator 66 through a

comparator 35. Because of the positive feedback, the AC generator 66 operates at the
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Referring to Figure 4, a sinplified block diagramof a control

circuit 55 of the electrostatic coal escer 15 is provided. The

properti eswofzotola408¢ ocess fluid affect the net 15 el ecthCirdiRo09/063398

characteristics of the eI ect r ost at i c coal escer 15. Hence, the

el ectr OSteat IaCt al e IEh g}i aguctt 60f Ly eﬁel Leenlc

with a r'esi"étot quinclyegr gégsﬁpanﬁﬁllflﬂe ne ecgusﬁ Varce dnd 18sr'sta y

defi ned daiyustsrmmﬂrngngﬁfmyl@i plopeatied etthe (pdﬁ:e@lfhﬁ@ﬁn&ﬁe mdltmgea;m'cﬂmss
nt r ol clr ncl udes

fluid pass t hrough them The c uit 5
i nduct or® 6‘h g]r‘?at‘%ﬁtf“%l"toéltef'%’u Aéutg? é’ﬁ‘iPeJ(T}&é:)o Gl tclcﬁ?né’éao"el time, the AC
Col | ect i yeabMsor toB Cautdhshieedif ¢ m%ta@tﬁdltst bapGaRad {aYind Gensht RFusicQr th@?eb?o

that nodel the electrostatic coal escer 15 and process flui'd define

r esorfant MipiEyigthegureptregerraeals requiied it dgiwhgrthg dectpstatierantossaid Si t s

out put frequency at the resonant frequency of the resonant circuit 68
to mnimze the current needed to drive the electrostatic coal escer
15. The AC geﬂi@trawois 6 Bingtified ek diagrami cfbthe mhtosgq:weatmycisduﬁtustbétdahy be

waveformt IS lied to the ele rode

Cont eocaote onBERC Stetster i SRR G BhETdnoiaded o e Rt 70 ha

gener at Qeceples rmyAceinpm @uhﬁg@rgermw SOHEE dhd gemté@nbmm@ttdans&s qk.g.,

ordlnary skill int an_autogenerator is generally an anplifier

wi t Y arg®0YnpPyYi é}ﬁ‘{ oﬁg‘ﬁa?ff hé"laﬁo"é%“ag @Brﬂﬁ]@ét‘@ﬁs 196 ﬂﬂ%é“@’r’ﬂt r ﬁ‘né’é"m"

comonl Yeeh &h@F 726: Jdgce%%l 1@119%!9%4 yt%uerameqimﬁ p%sglxdaveoddqmeﬂ ’ﬂ?bﬂééﬁ‘c%q
resonant circuit that defines the f requenc of OSCI | ation.

t hi s enisignalsdnt a fredvengyasiesrcasiusanane unit 7G8nd for switghinedhe gatesad tlg@wt@us\mea

| oop of o O@Qpﬁﬁé}e}réatl% 0%er 5&1@1@?&%895 9;@ d}?\gl e é)hfféﬁssrhé/ ﬁe!ﬁﬁeﬂgyﬁlﬁ%g

adj ust gen drator corres e resonant
f r equencyljwfmanhenit @6 corapdrescthe phdsts @8he Biigug gelﬁnat@i Mamlemtgm@wondiand

SOl SR DSBS LSO ISR SR St 8
f eedbackhaitabreridNes. geAeredbmicedd Grayfekt €38 &drmis N sinusoidal output signal with an
amplitude up to 3 kV, for example for powering the electrostatic coalescer 15. A positive
feedback path exists between the resonance transformer 80 and the frequency phase
adjustment unit 76.
20
A control unit 82 controls the frequency and amplitude of the output signal, and in
response to a condition that exceeds defined limits, sets the AC generator 66 into a safe mode
(i.e., low power). An indicator unit 84 indicates the parameters of the output signal. An
interface 86 may be provided for connecting the AC generator 66 to an external computing
25  device 88, such as a personal computer, controller, or sorne other general purpose or special
purpose computing device for allowing tracking of device parameters, such as frequency,

amplitude and consumed power, or to allow operator intervention or system configuration.

Figure 7 illustrates an alternate embodiment of a control circuit 90, where an AC

30 generator 95 is a signal generator that outputs a configurable frequency signal. For example,
the AC generator 95 may be a voltage controlled oscillator. The voltage at a resistor 100
represents a measure of the output current of the control circuit 90 for driving the electrostatic
coalescer 15. The AC generator 95 measures the output current and automatically adjusts its

output frequency to minimize the value of the measured voltage, which corresponds to a
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WO 20101( 154080PCT/ US20091063398 resonant frequency of the resonant
circuit 68. Because the inductor 64 is fixed, the frequency adjusts
accor di ng wo 20tem54080r yi ng properties of the process fl uipdTaIsehop/hes398
resul ting capacitance of the electrostatic coal escer 15. As the

DLt ot el e e ang dcotremioron sy iy Dot reRiasy ey
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exanple for powering the electrostatic coal escer 15. A positive
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frequency phase adjustnment unit 76. 20 A control unit 82
controls the frequency and anplitude of the output signal, and in
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generator 66 into a_ safe node (i , | ow ovver) An indicator unit 84

i ndilGat dbe tapacimee re ther degrosatie C@%%Sﬁ%rt 153|agﬁdhelefA¥¢ hatverteraee ddermdyepe
provi deqf o FigR Bﬁ&% 'efégtr$4?£1c%9a1g§’c@ﬁf ﬁs%ﬁ]@eﬁ h@&sﬁm&r Sahe @%&%yhhfag

25 device 83, such as a personal conmputer, ntr ol or s

gener al lﬂﬂaremse:ablresisq@e@i of] thg progers é’luc'gcbmlmlthb rvglud@\ﬁlﬂmewit@tr CIaIChwtcrgze the
trackin v aranet.ers, such as uendc a

CONSUME ght (I),E‘f1 {h% process | O@V boeingr gltocesseidnt G IESIS %litrl]cemg n qu[vu% m%jrmauon
confi gurlagardjmg tHEl sglimey af lhb|11ﬂ6del§saﬂﬁ8 alrheaizsitafmtoe t}enﬂirochsfrﬂnid @ifterig the
control circui e.an AC

genevat (‘}e"Fﬁ%ﬁ“‘:&Hi‘lﬁW’é?é\efé‘ifﬂf"?lbﬂ?éw gwf EYY "c?‘té t‘érntg? P Or for &Qahlgnes;

the AC gonenain@rhdvaidycud @nd r¥%idnd8 enfeondion) HREnREEitbdIERY beld®ined to
voltage at a resistor 100 represents a measure “of the out put current

of the cbwraetenizedhe prarass 80idfor driving the el ectrostatic coal escer 15.
The AC generator 95 neasures the output current and automatically
adjusts its output frequency to mnimze the value of the neasured
vol t age, whi bh somc r@slmﬂhd@t&, otha efff@eRF107 O:40S0RCTICHSRAN He063388&d by
resgpance ¢ ener tor 95.activel.

out pat 19%%\1(11 ul %xrt]emz(i]l enelgy sourceAglag opera f59h conjunétion With %gj éigctu%stial[iés
coalescer 15 As shown in Figure 8, an energy source 105 may be coupled to the electrostatic

coalescer 15. Exemplary energy sources include microwave or ultrasound devices. Exposing

the process fluid to a microwave or ultrasonic energy field may increase the coalescence

provided by the electrostatic coalescer 15. The need for an external energy source 105 may

30  depend on characteristics such as the size of the electrostatic coalescer 15, the characteristics

of the process fluid, the flow rate, efc. Information gathered from the resonant frequency of
the resonant circuit 68, which defines the characteristics of the process fluid, may be used to

tune the external energy source 105, For example, experiments may be conducted to identily
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on the measured drive current to obtain the resonant frequency of the
resonant circuit 68. Cenerally, the frequency of the oscillation is
above | kHzw@ue10tos408he rel axation tine 5 associ ated w tPRTHS2G9D63RES
of crude oil, which is in the range of 0.02 - 0.003 seconds. In the
illustr 0 S hat capaci t an
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resi stance i nformation, diagnostic tools may be defined

char act éhirg dophpatly belosss afjagang insplatisg membatsobire ritl§ioughy élﬂéff toctlegrege
of the éﬁﬁ@%%ﬁd@&é@hﬁ%@&‘c Sike Nt c&ﬁ"ng%é?%h&"tnﬁag E? K&, 8hPRkine the

energy source that operates in’conjunctio ectrosfatit
coal escemangﬁme.&s stolmavin Higuré2 guhae aaraldm pm@q:lggnqslemleelsemﬂnrsagh abease one

d h i |
ol ide Ty a0H PETPRdT R devi s re SR PEShrist G
to a m apfavaEme other ¢Holneftd May aBB®EgYyedl | el d may |ncrease t he

coal escence provided by the electrostatic coal escer 15. The need for
an external energy source 105 may 30 depend on characteristics such

as the size @b hligoRk %ﬁm@ﬁﬁlﬁinl qlece%hs@ec@atelmAt@@&Jﬁ@é@%@ﬁﬂé&é&%a@f

the process fluid, the flowrate, etc. Information gathered fromthe
r esonantPldte gt gowed med Pewen sewrce 135 uieh 88 onevsf ¢t BRFENWSIEhEs, 95
chargct eflcshts ﬁ’boqrta &rmedl%gﬁﬁﬁ)%vei kil g e ngc&é?ietﬂiﬁﬁ i Qfited with a
ext ernal energy sour exanp eri nents nay be conduct ed

to ide ntplrdtycuv\i\d}t)@ﬁ) 18 G608 0IRGT blbﬂzﬁ&@@ﬂail@ﬂ%@ Erotrherosipt Drredrrcfsrve cr{feﬂ:ls pf

or anpl ude ¢ teristics of th [ und s
brsod ortd EeSnaAFRTE & 188 o BRrBles phghelh GO T et MBS iR Tostr
bet ween 180 énagtatse seive edar @sdnicninshla®e teraycamditiBo@idtardmd. BRefieded
source characteristics nmay then be determ ned to _increase the

ef f ect i VEREAL plptctIRBAMDHARY apchayy agueiFevedayr 130. The resonant circuit 68

25  described above may or may not be implemented in the elecirostatic coalescer 110.

The insulating member 115 disposed between the two electrode plates 1204, 120B
increases coalescence efficiency. Coalescence of droplets in another medium relies on the
polarization of conducting liquid particles in an electrical field. Due to the required high

30 field, and the preference not to use very high voltages, the electrodes are normally disposed
in close proximity to one another. Under normal circumstances, water droplets that happen
to be in-line with the electrical field, will be aligned in a “chain” of water droplets that do not
coalescence effectively because the attraction to a droplet in the middle of the chain to one

side will be equal to that to the other side, negating the attraction, while the droplets on the
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5 I n anot her enbodinent illustrated in Figure 9, an
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illustrated, different con igurations may be used, includin
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el ectrode 120B is_coated with a protective |ayer 130 to protect the

el ect% odelafiyely smalh §ampaignte fhoss &@mérmc?&ﬁ%l}?sﬁ?} eﬁ"’eé{%‘:ch" SRt ofclig s

fluid (8nferial d&L@dti‘%r ($12%3 t]hﬁjlﬁﬁloofne&@&mﬁ?llﬁay} Wa?ﬁ%eﬂn@ﬁes% fthé“rﬂ}tlcuﬂipe
protectlve Iayer 13 may al so serve as an €l ectrical insul ator

reduce tlwelemela@npmooéf 6f arditey. withdiglr ciplsesr epestant olde-, phighes 1112@Ath€
may or Clyi, Vi

25descr EEeRing ¥l B BT e En)BUPing dthled Mpd:RE RGN Gh SHLE
coal escewssubfifig contact bet‘v'vhen Hnsd;blatts ragd ﬂerﬁue‘aceldf’fth@l usple@edmltie&wwmﬂelt then

| e d | ates, ;120A, 1 ncr eases..coal escen f| ci enc
oo S dhe Gy B o 2 T0EiE e BT GRTRIYERE TR T 1S ey
of condugtvdag clecibded 1R0AS 1ZUBS S thid, Bighli@&dfd edbtahi @batoDhi@y b ukdlie On
required eh!?t%h 30 field, and the pref erence not to use v

vol t agedhe piier Bande iy Homedlamicaloreruirgments dsoaalatng Ie%%rer %cﬁ%ﬁn“’t‘ yOIIE

one anothek, beuaﬂ:lermmrmhh %ﬁl%l%%itQHG?ﬁafe1¥Y%E?61 a(ﬁrlﬂﬂlha%swﬁmﬂomg&ﬂc

to be in-line with the electrical be aligned in a "chain"

of wat ercopftanl dYkere paatagiol woh adush disleetrie sorstag it qcmémgﬂdb@&n@rsfewmélow

at t rﬁCt 'cgﬁlslﬁnq.’ ift aqllr ngl:tﬁz:all £ 1& h%en%}gghgal C}" tl& @Ee %W'WQI c%ngé?l?ral%l V\}_lhw hth
qual to that t "he I nQg e attraction,

t he dr oplictcrioronstaet M igdo mﬂmmﬁmﬁw UBREOOMAB3II8r éieenmlﬂermdg mwinHer

Coal eoca s Tl e e BreTaF b ur FF ibfRal o ofF Ui PE bt B Eodiaeo by

t her ef orelichhg tBOALIAS BHERE BisudhihL hemBEULIBS ththBy efidwiah ananef apbhed voltage
coal escence. I n sonme cases, where high field and | ong chains are

pr esent 204 Faplng i kg operations wihdessingier conpmptioner concentration, the
mor esdropl ets are present, and 5 therefore the higher the influence
of this effect. The insulating nenber 115 tends to break up these

chains or evé’rpvgﬂleg/mttlpﬂm@ﬁmlﬁmmnﬁmbm Ag3 bewsen thcw@cctmdtaplhtcgﬂé% 120,

ﬁ;’g:’ g;ﬁ?lp Iglgou(ﬁlr 1§1'P%u?g (fq th rt-ﬁpleinh@%léltl?eh&%/fﬂr SpHo i (%)%II%%&HMM bﬁ%rreglon

repel | i gdweed h:im 1a$1tlztta1<gtrnambe1’rmh€esrﬂbm fseof watiedropladchainay ehiolp lekd found
surface tg E‘educe efficiency. By placing the insulating members 115 close to the electrodes 1204,
30 120B (i.e., without merging with them, which would reduce the insulator function), a higher

efficiency can be obtained.

In contrast to electro coalescence of water in water-in-oil systems, the conductivity of

gases is far less than the conductivity of crude oils. This circumstance makes it possible to
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10 relatively small conpared to those found in electric fields. The
dielectric constant of the material used for the insulating nenber

115 may vawe 208me4d9 ng on the particul ar inplenentationxﬂﬂﬁnummaﬁ9s
insulator with high dielectric constant (i.e., higher than the

surroundln sed t flue ets ex nce

£t om eactiod for ke, outE S e o BER el el P BB a1 0" e
sur f ace apblitdtiend, nhelleRtwostatisl ddalebeer Sifambe et dndployed Sint h@ad hpplicmerss and a
woul d predict. Therefore, in situations ere not much space is
present PBHGRRSTCAMBEEC YRSV SHIACe Tﬂl’)ge“ thin, high dielectric
constant insulator may be used. On the other hand, due to nmechani cal
requi renments, the insulating menber 115 may, in some cases, be rather

thicld, whi ch Figue 41 ildustinies pmaliermie spbadiaenoe! anrelpawostate epalssrart 58 thasw
di el ectryj, t t
IS conbln d mntl onén§?? m%xﬂﬁ&ﬁ%é@k né%%g?n$%q€%ggﬁéggrF%gﬁﬁglefg?
t he el eocwricsat 15@ @lctudst memgten walll 155cm'micem,rnateéectmdetshh60h¢(glpled|telaepx:tweirc
const ant nat r dielectric onst t ter

i nsul at |SH“1C aiheﬂ“ée" \Aﬁm%yutb eﬁecflh"é‘ 68’5}1161@‘?% B 2‘@“ %s‘ne 170 may
el ectri d:&| prbvigédla@ved techexwdradi dvbiribfesbBr0cha pagetitle Py rpoedu CInnrge tilM&trated
flelds in the insulating nmenber 115, thereby allowing a smaller

appl i%ed RCHREL PP &P?‘F‘iﬁé@ it SREOVEHENERS BAYCKR 13 A SQFHRAY also

consunptieQfied.2The use of e RictHallcbibdes REE ana@umtaé}qldap RBRr® bklRnerated
between the el ectrode plates 120A, 120, as shown in Figure 10, tends
to furtH@ﬂhﬁW@m@a§eﬂFﬁé“@WﬁWépéﬁ@ibﬁf t he coal escence. The region
bet ween the insulating nenbers 115 will be free of water droplet

chai ns, which were found to reduce efficiency. By placing the
insulating nﬁmbetanmhﬁf@mbsﬁmtm:Hmameheﬁnwﬂﬂég th2 OA¢ctro3iatid 208efcer 50

Funcr o haterdhep i Elaidy SR yiTay REete of mate Fefdfincoapuige

el ect r O 1aE@cesS CENARpartd Walwekn ithe wadrail-dletuiés ByStoiBreasehBe electrical field
conductivity of gases is far |less than the conductivity of crude
oils. THi IEH%}P r"g}'l_ja?f.g)pg wdive mebers; 175 ﬁk‘?s‘hoit periested to\Apy power s¥3urce so they do not

2010104Q30RETUR200840 5RBniineva n@&b\éel 173380y POVEL AU RS A e ERRBd

an electrical field in the gas nmedia. In song applications,
el ect r oshaeterigicsl asdeseribgl mhgvehén avipliony ¢l the ekecjede apsi 5t | bn:racndd a

contypol 'a%ﬁdxfaﬁ%’fﬁ?x%@rs/f‘% Bidyilso BOLCA i {Eﬁ%m%gdﬁiﬁﬁ{’i lufal@h Righte

illustrates an alternative odlne rostatlc‘toa escer
150 that nmay be enpl oyed in an application where the process fluid is

155" and oxt o APEN Bt FERBOT RE0UEEaR Ba (o 20 BBULF L dn feaarepgin

out er waklbelfYinlmeadevRkgCit lid calténiphRs that the GediR) ﬁﬁdﬁsi adscridyd Kdd€ih QR4 Be
170 may be. provided around the external el ectrodes 160 for protective

purpose§PNFﬁ‘?H@mfWP%§§P8¢@&“TO“@H§%H§%%Hﬁc £PAlcsp®er source 162 is a
DC pewer source, however, an AC source nmay al so be used. The use of
the external electrodes 160 allows the electrical field to be

gener at ed whilhe usg af an zslcngoatati@ fotrst tororlceng lisfuid Aeopictsoin, a flnidydew allows

i‘ggt ner QIR AR oS A Rufoh @5 oIS REs) FARLRL e §IRIGS S8 the

removal equipment and lowering its cost or increasing the amount of liquid that can be
removed, thereby providing a higher purity processed fluid.
30
The particular embodiments disclosed above are illustrative only, as the disclosed
subject matter may be modified and practiced in different but equivalent manners apparent to
those skilled in the art having the benefit of the teachings herein. Furthermore, no limitations

are intended to the details of construction or design herein shown, other than as described in
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15 described in reference to Figure 11 nmay be provided with one or
nore electrically conductive nenbers 175 di sposed between the
external eweLAIE8Y 160 to i ncrease the el ectrical fielPgTHiSe@AGeII9S
The conductive nenbers 175 are not connected to any power source, SO
they do 1‘119%1&&?5@1%@ a% i$ lh%?e%r%%%sdem-rﬁ]l L GONANELY S IBIRENS d%JFos%PXon%
coated to providé the required charac erlé%lcs, a5 descr T bed "above ‘I n
rel ati onmtypbd hlerel @ohodifiel pldadlesicH Saridtivhefip esesiicZd wintia tet scvee aelndpih s
175 may o be used. jn the enbodinent illustrated in Figure 2. i
ALt hougrt Re SR eyt e o ACESEBED: i Proeiom Sl herf 1 S hfoud in
and desché behdwI®én as being in-line devices, it is contenpl ated
that the techni ques described herein may be applied to other types of
coal escers, such as vessel based coal escers. The usc of an

el ectrostatic force to coalesce liquid droplets in a fluid flow
allows nore efficient downstreamrenoval of the droplets, thereby
reduci ng the demands on the renoval equipnment and |lowering its cost
or increasing the anount of liquid that can be renoved, thereby
providing a higher purity processed fluid. The particul ar

enbodi nents di scl osed above are illustrative only, as the discl osed
subject matter may be nodified and practiced in different but

equi val ent manners apparent to those skilled in the art having the
benefit of the teachings herein. Furthernore, no limtations are
intended to the details of construction or design herein shown, other
than as described in W) 2010/ 054080PCT/ US2009/ 063398 t he cl ai ns
below. It is therefore evident that the particul ar enbodi nents

di scl osed above nay be altered or nodified and all such variations
are considered within the scope and spirit of the disclosed subject
matter. Accordingly, the protection sought herein is as set forth in
the clains below CLAI M 1. An electrostatic coal escer,
conprising: an outer wall defining a flow path for receiving a
process fluid conprising prinmarily a gas; a power source; a plurality
of electrode plates coupled to the power source to generate an

el ectrical field across the flow path, wherein each of the plurality
of electrode plates is coated with an insulative materi al ;
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at | east one insulating nenber di sposed between two adj acent

el ectrode pl ates. 2. The electrostatic coal escer of claiml

wherein the power source conprises a direct current power source.

3. The electrostatic coal escer of claim1, further conprising: a

controller, conprising: an inductor coupled in parallel with the

plurality of electrode plates, the inductor and the plurality of

el ectrode pl ates defining a resonant Eigﬁﬁié; and a signal generator

coupled to the power source and the p y of electrode plates and

operable to apply an alternating current signal to the plurality of

el ectrode plates at, a regyenc correéggnding to a resonant frequency
At

f
of the resonart ci reLfEcto ‘é‘}/abeisgesrecr? 5128t he process fl uid.
4. The el ectr ogt @fttiCwaRadcBHER a Gowe b@tih”fol,rewﬂﬁ@ianpﬁo@%g %I_Ii_ﬁrco}‘iﬁ‘ﬁ'ilsing
. The

defines a pipe having a circular cross section.

el ectrostatic coal &s88Fl%4 24 aim 1, wherein the plurality of

el ectrode pla%gﬁ“gfgmg&§posed within the flow path. 6. The
el ectrostatic coal escer of claim1, wherein the plurality of

el ect rode pl atagdurality ofiekposdecdlaet @upled tdhthe putver sonsdelto generate an dlectiitud

el ectrostatic coal r of claim®o er.ein. .t out er, | conprises
an electrically i ng%dea[Cf%a ﬂf’?ﬂ@’é’? patp, wherein eac@%&%ﬁl“@ﬁ@(’:\?@r%‘%‘f"&%@aws
coal escer of cl ai mislgoafedrdithedn iGMRIVE MaiGiadt | east one

at least one insulating member disposed between two adjacent electrode plates.

2. The electrostatic coalescer of claim 1, wherein the power source

comprises a direct current power source.

3. The electrostatic coalescer of claim 1, further comprising:
a controller, comprising:
an inductor coupled in parallel with the plurality of electrode plates, the
inductor and the plurality of electrode plates defining a resonant
circuit; and
a signal generator coupled to the power source and the plurality of
electrode plates and operable to apply an alternating current signal
to the plurality of electrode plates at a frequency corresponding to
a resonant frequency of the resonant circuit in the presence of the

process fluid.

4, The electrostatic coalescer of claim 1, wherein the outer wall defines a

pipe having a circular cross section.

5. The electrostatic coalescer of claim 1, wherein the plurality of electrode

plates are disposed within the flow path.
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conductive nmenber not coupled to the power source disposed between
two adj acent el ectrode pl ates. 9. The electrostatic coal escer
of claimb5, further conprising at | east one flow disrupting el enent

di sposed between two adj acent el ectrode pl ates. 10. The

el ectrostatic coal escer of claim1, wherein the outer wall defines a
vessel . 11. A fluid separation system conprising: piping
defining a flow path for receiving a process fluid; an electrostatic
coal escer as defined in any of clainms 1-10 coupled to the piping; and
a separator cdupl edhecldchestiticovsapatdr d@luimt I, adrarah thdplualiectf esdtaideC

coal escer _.and operabl.e 1o s arate a di sperse phase conponent from
t he procé@@fﬁyﬁgﬁwmedoum“h @P ystem of claim 11, wherein the

separator is integrated with the electrostatic coal escer. 13.

A et hod for coaIeSC|n? a di sperse phase conponent in a process
fluid, conprising: The electrostatic coalescer of claim 6, wherein the outer wall comprises an

electrically insulating material.

8. The electrostatic coalescer of claim 1, further comprising at least one
conductive member not coupled to the power source disposed between two adjacent

electrode plates.

9. The electrostatic coalescer of claim 5, further comprising at least one flow

disrupting element disposed between two adjacent electrode plates.

10.  The electrostatic coalescer of claim 1, wherein the outer wall defines a

vessel.

11. A fluid separation system, comprising:

piping defining a flow path for receiving a process fluid;

an electrostatic coalescer as defined in any of claims 1-10 coupled to the piping;
and

a separator coupled to the flow path downstream of the electrostatic coalescer and

operable to separate a disperse phase component from the process fluid.

12. The system of claim 11, wherein the separator is integrated with the

electrostatic coalescer.

13. A method for coalescing a disperse phase component in a process fluid,

comprising:
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providing a flow path for receiving a process fluid, wherein the
process fluid conprises primarily gas; passing the process fluid
through an electrical field generated by a plurality of electrode

pl ates to coal esce droplets of the di sperse phase conponent,. wherein
each of the plurality of electrode plates is coated with an
insulative material and at | east one insulating nmenber is disposed

bet ween two adj Nt ehectraode plates. 4, The . hod of gl.aim
13, fiwther ng'ﬁ‘%ﬁ ?121% naghg‘g ea%a (frnlﬁ‘c? 5 &l Bet ?Sfcéllld’f‘?'efir%fgﬁ&é? ﬁ’bocgssdﬁliugct
current signal appleomgrifes piibarigt @81 r ode pl at es. 15. The net hod
of claim 13, further conprising: providing. an inductor coupled in

paral el wit h RaFRAEfha B Yery Tt brieh aariecpic Gld geersdabie b oHuralifdl ofhe

plurality of electrpdgod plags defohRERIBpIRSONBR! di§ictEUptase %Qﬁponent
appl ying an alternating current signal to the plurality of electrode

pl ates at a frequendyretioreaes mdnidie ngjutabitya of cdestrade platesiregestedfwitthen
resonant circuit in Q e _Rro s flukd . . 6, The
rethod of cl ai m 15 RSy EREREIRAL 1N orBTREER R ineh i dimaree ekt
conpri ses: sensi ngt®o adjnceantleafodeptatal t ernati ng current signal; and
changing the frequency to mnimze the sensed current.

14, The method of claim 13, further comprising generating the electrical field

using a direct current signal applied to the electrode plates.

15.  The method of claim 13, further comprising:

providing an inductor coupled in parallel with the plurality of electrode plates, the
inductor and the plurality of electrode plates defining a resonant circuit;
and

applying an alternating current signal to the plurality of electrode plates at a
frequency corresponding to a resonant frequency of the resonant circuit in

the presence of the process fluid

16.  The method of claim 15, wherein applying the alternating current signal
comprises:
sensing a current of the alternating current signal; and

changing the frequency to minimize the sensed current.
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