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al ong) .liguistdngrhe diff¢reabstiagh&ifimbie flow path may generate high and | ow
pressure areas, resulting in nore condensation at the obstacle than

conpared to | ow gas speed application, where the pressure differences are

much | ower. One conventional approach for oil/water separation makes use of gravity and requires

large residence times inside separators. Large residence times are needed for an acceptable
15  separation performance, and therefore this approach is not suitable for an in-line application
with high flow rates. Other techniques that use chemicals to break the emulsions require later
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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requi r esmedhevigas nol ecul es to fol | ow conplicated paths through the mesh,
costing nechani cal energy. Increasing gravitational forces by spinning al so
requires nechanical energy that is generally drawn fromthe gas to be
separ at ed. TAwdh&OREUNBIHTEIGREINES dihci@ e & Ythe eStab {t&tidnal SoRiesSOUMeaker e,
whi ch increases the required nunber or size of the punps. Further, both
t echni gyerenpien @f diguid droplets more instable in the gas. Gravitational forces can be increased
by spinning the medium, which results in a centripetal force of many times normal
gravitation. In this manner, the separation proceeds at a rate many times faster than under

20  gravitation alone, resulting in a much smaller apparatus.

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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Another aspect of the disclosed subject matter is seen a method for coalescing a
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 plurality 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;



Figure 1 is a sinplified diagramof a fluid separation systemin accordance
with one illustrative enbodi nent of the present subject matter; Figure 2 is
a sinplifweaoovisgmsesecti on view of an el ectrostati c coalP€esaseomneishe system
of Figure 1; Figure 3 is a diagramof a flow disrupting elenent that nay be
used in the electrostatic. coal escer of Figure 2;Fjgure is asinplified
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1; Fi gl.U’fq:iélré§; a sinplified diagram of a positive |loop that nay be enpl oyed
in an AC generator in the control circuit of Figure 4; Figure 6 is a
sinplified Bligok Mdisagsiapliofd dimgsam ofj erpsdiverloep thatiintayttivagmplayedoim anplCoyed
in the control ircutit1 of Figures 4 and 5; Figure 7 is a sinplified block

di agr a8 rrluéﬁlteépﬂé?i 8“%88@&“%% of a control circuit of the

el egtrost at ifgomeab 86 Gekindliffel gbbek Hiaghir§WfeaB au®edn&hBPldithiedhdl @ek b agram
of a fluid separation systemincorporating an external energy source with
an el ecndexedtin thecpafrebeiequit gtiFggivesst andaiid 10 are cross-section views of an

alternative j ment.. of . tyostatic ¢ r. W i.nt [.ate
noul ati ng. aRers or e, e e A u P ARR it B RN
12 ar e dicof sf gecldcodstiiievslaterat Fegigetly ost ati ¢ coal escer in accordance with

another illustrative enbodi nent of the present invention. Wile the
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al Ler nabdo(g LT soR0eGilaf RIBAL AP R bher e0f have been shown by way of
exanple in the draw ngs and are herein described in detail. It should be
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not intended to limt the disclosed .sut?' ect matter .to taebeparti CfJ| ar forns
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nodi fi gaskonad equival ents, and alternatives falling within the spirit and

scope of the disclosed o ' '
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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subject matter as defined by the appended cl ai ns. DETAI LED DESCRI PTI ON One

or nore specific enbodi nents of the disclosed subject matter will be
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matter not be limted to the enbodinents and illustrations contai ned
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nanufacIHﬁ&ﬂig %%Q%%grof ordinary skill having the benefit of this

di sclosure. " Nothing I'n this application is considered critical or essential

to the disclosed subject matter unless explicitly indicated as being
"critical" or "essential." The disclosed subject matter will now be

described with figslerdntgicch mater atk dehebe dpiibes Wilarsieaacest hetaighed
SyshemiAnd. dex GRS uAERACHRIRN ARl dolideRICI AN HI RN AR URLvRLY POSes
n I n the di sclose

of explanation only and so "as to not obscure subj ect tter
w t h débaplupotdiatl eaxpnuwsdn odpawnd sb ais tthmseolbsdcitel the diseldsbek sarject nNeteemtithel ess,

the attached draw are inclu t.o descrjbe and explain iJ|lustrative
el GErE e are o R e e e BB sV e bl e i
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under st andi ng of those words and phrases by those skilled'in the rel evant
art. Novegeandlphdets mised bereof skouldbm understnodsand interpretesl thehivel & inoganitgat i s

di fferent fromthe ordinar .ang ust ongr ani n qu t.ood by those
SkilP) ectoPH EREvE e el Rntind l Foepio ] By tudherovdlt iGdi@ear™ ne
t erm orarphNasgebiar aefinitid® of Reteft@Phrideat.c.a at @fFiMitn MBf &sgiffefent Mognded to
have a special meaning, i.e., a neanlng ot her than that understood by
ski | | ecprdinary 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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coal escB8CIUS G VRS- be water present in a liquid hydrocarbon streamor a
gas stream (e.g., natural gas). O course, the particular fluid provided to
the el ectrostaticcoal escer 15 nmay vary, and fluids other than hydrocarbon

fluids may DEheprepaassedd opdigted i uimoveoal less adpdrtiomot hie pqmdelﬁsseﬁqt i themay
al so vary, with water being only one illustrative exanple, In_anather

exanpl é)rochsaﬂluaﬂsarréapr%ieé ép%rP%ftSééluvc} SHslgt R fﬁ}do%ég%leﬁa% éiguideoyflet 3en'Hig ne or
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el ectrostatic coal escer 15 to nore effectively renove water fromthe
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described in greater detail below w th respect to Figures 2 and

appl i cdt¢honlogh).t hesqmesmhedigghisetie ehetioetnti¢ soalescer | hrindethetsoparater gamadycul ar
of .t he, separ,at or 20. Exenplary separator types include

d
hgﬁ%zgﬁedptféﬁ%% Pl SURHF 8P%r s and enhanced gravity separators (e.g.,

cycl one based separation technology). In sone enbodi nents, the

el ectrostatic coal escer 15 and the separator 20 may be integrated into a
si ngl e uni t .Estimations and experience of electro-coalescence in liquid-liquid systems show that

the necessary value of electrical field to produce coalescence in a liquid-gas system should be
in the range 10° — 10* V/em. Typical values of electrical fields, which cause auto electron
20  emission (i.e., the only charging mechanism for the droplets by electrostatic fields) are in the
range larger than 107 V/cm, so the above electrical field will not produce any charging of the

droplets.

In cases where the fluid being processed by the electrostatic coalescer 15 is primarily

25  gas, it is possible to generate an electric field across a gas due to the fact that gases are good
insulators. In such an electric field, charged particles are attracted to one of the electrode
plates 45. Uncharged particles will be polarized, and due to dipole-dipole interaction, an
attractive force between them will appear, while they remain unattracted by the electrode
plates 45. The forces generated by the electrical field in the coalescer 15 are too weak to

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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may be enl arge e electrostatic coalescer 15 to nore effectively dry

t he gasepdratigeneral , nore conductive enul sions may require higher
frequencies of the applied voltage. In general, the electrostatic coal escer
15 is nore effective in causing coal escence when the water cut is at |east
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and flow rate. In cases where the water cut of the process fluid is |ess
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Cr 0ss- 9Bfet iPdho¥imeMy. OfFIdibepLLiRE thASLRIthE ffiak EBC Bhissdd thrbligh Mg electrostatic
coalescer 15 at substantially the same flow rate. A plurality of electrode plates 45 are
provided in the electrostatic coalescer 15 through which the fluid travels. In some
embodiments, obstructive elements 52 may be provided in the areas where no electrical field

20  is generated to ensure the exposure of all of the fluid to the electrical fields.

The electrostatic field generated by the electrode plates 45 polarizes liquid droplets in
the process stream to locally neutralize the electrostatic field. The polarized droplets are not
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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illustrated enbodi nent, the dianmeter of an outer wall 40 of the

el ectrostatic coal escer 15 roughly corresponds to the dianeter of the

pi pi ng 25vOorowhisedsoit is installed to provide an in |inecarusarngonsnt. Fl uid
passi ng through the piping 25 passes through the el ectrostatic coal escer 15
at substa tiallg the sa flow%ata A p%ur lity of electro eqpl %tes 45 are
provi deti*d P HEAde PS8R ¢ REHNRLELY e AHRIEG RN et 158U¢9du P4t fHeavel s.
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where no electrical field is generated to ensure the exposure of all of the
fluid t4 havinged lesgthisewdralftire¢sdtbe difinetar] of che dedtesiatic cbdbgbey heratbediséd/ta he

el ectrode plates 45 polarizes liquid droplets in the process streamto
ocal |y iehedh RyQep Rl weedoupde i ER i e by s Poeq ar opl ete are not
attsacted by the honpbgeneous field to one of the el ectrodes 45 because the

net charge of the droplet is zero. The polarized droplets do feel the
gradi ent of Ah8lustreted ipdigwe &, theeingidasudpesr of tharmyéerovalbdfand dhoppleetrede | n
this ets - C e F rii r
geomet Aer 41 e o bg R e BB bBHE GhRIRT (R AE e LTI BMO I oo
etc.) radactrode pladspiSfebmgrasivefcaebaosvastatd it thel pyicts fllie (par tuctsl @iticles

i npl ementation, such as process fluid, piping dianeter, fluid pressure,
expect e hemigalsdndhe srogessEhidleandnmpy alsp serve 9a an wéfcHicat Msulafasde restse feat es
45 ey : Is | Wi e : in a
M A R e i R R i M S U

coal esqgeotectivi Isyareéduoddds paniynel ecrayalben@actunavetih ggerareatsigpl mgictcoeatinsaeret er  of
t he co%Jesc r 15 as conyared to t %%»of t he Pkpin 25 to allomztpe sane
number '8FM¥ dCt"PolEBIE ewch 5y qidinge ghempisel SpRYe doR | RIYSicyl vapor

Al ter aneEMﬁﬁ(Yn sihReind] APELGerARX e JOLIBRiAIBAHGEMiin® WyekNBa P HEBSHbRE] &lifCt r ode
pl ates 45 may be increased. In soOnme applications, l'ong €l ectrode plates 45

havi ng ahdremgtehtigelagersont thaemitdidre sutfaapetemeef the acdaricalr wgtistments ohthescer
15 Ry be..used (to irhcrease t he residence tj e or tg,lower ;he r.eqﬁitred
fiePd sa?P]é%%‘PH. “Ks TTUL FRILHT F7 FOGANEN ZSS RS i EPIadl BIUHHE out er
val | 4Qpagd cbitthgemey beadeeRlialyes dfani @of@rtifd cohiily. aTRE PhfRulay @ndudit@r S0.
GbneraIF , the protective |ayer 50 protects the electrode plates 45 from
er osi vengtor @prastey; rpestanty eaating sele¢tpd mayowsy depanding qremgehangigh reqyirp@eRtsc| es

or Che'@o?t?%&d hﬁgﬁ%ﬁel?{g@&ﬁﬁoﬁeh&&%.g."f‘ﬁ%l&%’c An¥@nferve as an el ectrical

insulator’to re

20 The electrode plates 45 may be sized and arranged 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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| i kel i hood of arcing between adjacent el ectrode plates 45. Exenplary
materials for the protective |ayer 50 include epoxy, electrically

non- condwoi2ng/asersani cs, plastic coatings, etc. forned BETAH2@EVO6B98es such
as nol di ng, chem cal vapor deposition, physical vapor deposition sintering,

etc. Alternatjvely, electrically insulati l.ayer be..conbi ned with
ot her  protiBBeq beesy arica clafisodp ke s if ia e ol Gobev i URden el
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resi stance). FoOr exanple, an insulating epoxy coating nay be covered by a
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resistant cpating sel ected .yary dependi n n _mechani cal requirenents,
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el egtrode plates 45 may be sized and arranged to provide for a relatively

hi gh Reynol ds nunber, thereby providing turbulent flow of the process fluid
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el 1 - SEORE TR Al Sl Vi ol PR B TR SR ML ARt NEARET RS "
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StIr@Ng&hay %%gfo%méditﬂ%%gbvé‘gis&%h%ﬁ CEMOG ovd? tRé‘@le&P&QfBgﬁ%MS irﬂdégg%rﬁﬁlteﬂei n

Fi gure 3, or nore Isrupting elenments 52 nmay ‘be provi

el ect r gemat ofdcgdmal,esmdtinglih athetteninarnd ¢herglertistatibabdexcer et ween t he el ect rode
pl ates 45. The flow di srupting el enent 52 nay be fabricated from an
electrically insulative material, such as a ceramc, plastic, or other

el ectrical | m&a@mg%dpigme}/@ 8 iing1ifi®d BldcR! diadiifh bF Qedh®! Rkl Bsebemmnt 52
includes a pluralrty of pillars 53 interconnected by cross menbers 54 in a
gri d aralestigetreantcoalFiver ddiid mbeidept sThehproperns of the prassss fliidi effachtught t he

ol drontsd ol sFREETES sha Dev Rabie Ry bahi o itier ot e ruatiG s RhyR’

si zi ng 18fis ifRlefddow adiapadifet 60Gn ?iuﬁﬂarl{dt}'égrdEEPsYorV@fﬁépﬁ@élﬁiﬁl@ith@n&&%{)é&ance
particul ar arrangenent and sizing of the el ectrode plates 45. ow

di sr uptandgesptangendedingg bygthe mgangrnens @i the glertiodenplpisighat andi BaPLrogesy Huidhe
]]: : gw r al}agsiﬁé]ﬁlrgi?ﬂpﬁlle > nm%roné&eciﬁclﬂlﬁtfﬁc -in%ﬂ}dleél aRiil%llch? ¢ %ch Q? af‘téﬁlaﬂlgent
current (AC) generator 66. Collectively, the inductor 64 and the capacitor 60 and resistor 62
20  that model the electrostatic coalescer 15 and process fluid define a resonant circuit 68. In
general, the AC generator 66 maintains its output frequency at the resonant frequency of the
resonant circuit 68 to minimize the current needed to drive the electrostatic coalescer 15. The
AC generator 66 generates a variable frequency sinusoidal waveform that is applied to the
electrode plates 45 to foster coalescence in the process fluid.
25
In one embodiment, the AC generator 66 may be an autogenerator circuit. As known
to those of ordinary skill in the art, an autogenerator is generally an amplifier with large
amplification having an exit connected to the entrance, commonly referred to as a positive
loop. The positive loop includes a resonant circuit that defines the frequency of oscillation.
30 In this embodiment, the resonant circuit 68 is coupled 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 85. Because of the positive feedback, the AC generator 66 operates at the
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In an application where the fluid streamexhibits a high degree of |am nar
flow, the central part of the streamw || have a nmuch hi gher speed than the
part al oryotzhw/osxishs. This fl ow characteristic may resulPCTIUS2&098b330%
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of the flow sru ti el enents. 52 nduce_ turpul e flo |des may be
provi defasoelamrfﬁ nfgb"sfersi)%ﬁ‘f F%‘H“b‘% WWBF 1 étoégg&%? V¥|§ HYE"D5 nore

even | radﬁlersr@c&fdldgg!ohﬁy rvar rre[_gsl%faérags bihth@d p@saegeﬂufa%dqﬁe réaeuetéecﬁf)r&@ﬁc%t ic
coal escer 15. Referring i'gure 4, a sinplified block diagram of
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net capacitance and resi stance defined by the arrangenent of the el ectrode

pl ates 45 and the process fluid passing through them The control ci rcurt

95 Includes F”}E%ﬂﬁrk?‘fs é% gﬁﬁgcﬁ‘%lo% %%r%“é‘t‘ 'tl{lzgal%%%r%&tto ( A0SR @?9
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circuit 68. general the AC generator 66 naintains its output frequency
at the rF“e‘%YFﬁa%‘i‘t ﬁr@@ubﬁel)vagsf(et&qé?roééoﬁ%ﬁ aaf rgenpiates PE PUHH YRlREES: (et

curjpent, pgededo,0 +qQVVG=‘r9t\h o1E) €6t h&%ﬁ"ﬁ theCORLL AR oﬁ?’he Iﬂ@mt“‘czgg%fv{%t t he

generates a’vari able frequency Si NUSoOi waveformt I's appli
el ect r aeteeptoat’@prddictodfingt @ulseoa CkBlenﬁt@]ulemC}t h& srgrrabetmshtidmr @4 ptaduoese
enbodi nent he AC gener at or ci rcwt As. known

1
O oagetists (5r & ARSIl hite Mipone hpit 76 3R it OgERe Jror T O GRS | an

anpl i figfwemaldplitiar o€ @H@bb@bﬁﬁhbl%rhﬁvﬂs G RR-paNid Iﬁi@f@f‘eThg‘ﬂrethrfc ®hase
entrance comonly referred to as a positive Ioop The positive [oop

i ncl udeasimtmersomaﬁﬁ qoinrpatestthe plaasesief rhneiswtrtgegemequéﬁwld@m ospitisigapl . | n
thr nt, the re circuit 68,is c to the.positive | oop of
S ac R B creasorl RERRR iRk st P g, O ERRE Frdlntsaniel b Tl oo
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circuit 68. Figure 5 illustrates how the resonant circuit 68 is

i ncor povaRlidede v & K&, fos pramide [fyoppvotringhae glecyesiaiaeenlesss thr dupdpitave

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 some 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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conpar at or 85. Because of the positive feedback, the AC generator 66
operates at theresonant frequency of the resonant circuit 68. Because the

i nduct or 0 208y/05k08@d, t he frequency adjusts accordi ng t@CThES200040§3308)
properties of the process fluid and the resulting capacitance of the
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resonany, thé RRYGNEY dritd\&hRRY toBui Al regmtaﬂﬁfr&geﬁmf tﬁ@fﬁébﬁﬁ%ﬂ&ﬁt ggquired
for driving the electrostatic coal escer igure 6 is a sinplified block
di agr am of the aut ogener ator circuit that may be enployed for the AC

gener at or ogener at of .Ci r c i ncl.ude p r unit 70 that
ecel ves an G R RRIEHE PEug S Ciation RptDs xR EiTR A lodob s
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adj ust @lehe@y &rﬁﬂ&t%%ﬁzo (Vhfc‘i’{' ﬁrSnggfo& N84 %%h@%n&u?ffarbg‘ﬂr};% {%ﬁ”e?%f &é}hge RRve

anplifier

f r equerigyugadra®iemad jpu Sizae rdﬁffuenﬂly FHed onphffesnt Heuppasssabolit theeprodesy flagl
generator 72 and an out put signal and alegusts the freq uenc¥ of the driving
gener at¥f ePOMEBY QE H}ee@}%ctlfoé%ﬁaﬁ%lesw {5 VW Ky 6aidespARGIAE (@ edesaiances

r e%@”a%ﬁdﬁﬂb?%ﬁ el n8[9ef- gf?ﬁlﬁﬁhﬁl Sdf'?l’rlssﬁ%x%aéun%}htl@g{veﬁ'b nal with an anplitude

or exanp pome ing t ' ectroStati ¢ coal escer 15. A
p05|t|ve f eedback path exists between the resonance transfornmer 80 and the
frequency ph gg%%fj stment unit 76. A control unit 82 controls the
frequency and = ude of the output signal, and in response to a
condition that exceeds defined limts, sets the AC generator 66 into a safe
node (i.e., |low power). An indicator unit 84 indicates the paraneters of
t he out put sMgmahn@Ahehﬁq@ﬂ&@©eﬂﬁﬁxmaylhﬁmﬁﬁﬁwpd@dnh@m1ﬁﬁmmamhingmﬁh% AC
generator 66 to an external caonputing device 88, such as a persona
conput dPe carRasttprae) r the glectighatio cagescgeder ard H\?F‘ﬁ%@ethé rwaéﬁreelitm Tixuppsee
comput 'aags@,yio%eofft g eleétmmtlegcom@&%mgs @meg&\sgqlgel SHAME! G e pRRED @,

f requency, e and consumed power or t ow operator Intervent i on
or systBm edcmma@; uesattaee . of Fhe progesg fildill wed it eduant dlet watnate chabodiinetite of a
contr Olqu%ii{yc 8% the processe rfﬁnc? r1)61ng processed. The resistance can provide information
regarding the salinity of the process fluid. The water cut of the process fluid entering the
20  electrostatic coalescer 15 effectively defines the final wafer cut after the separator 20. Hence,
by utilizing the water cut and resistance information, diagnostic tools may be defined to

characterize the process fluid.

In some embodiments, the efficiency of the coalescence may be enhanced by

25 providing an external energy source that operates in conjunction with the electrostatic
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 identify
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generator 95 is a signal generator that outputs a configurable frequency
signal. For exanple, the AC generator 95 nmay be a voltage controlled
osci | | at owO 20tv0swsht age at a resistor 100 represents a meERASe@90633vhe
out put current of the control circuit 90 for driving the electrostatic
coal esc

15. The AC ene or neasur.es e output current and
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range of 0.02 - 0.003 seconds. In the illustrated enbodlnent it is assuned
that the capacitance is about 0.1 nF and the nom nal freqéency i s about 10
kHz, which ﬁn@@p@égembedlawat ilhauded it Biggre dbputlegrastatic opaleensr 40 mayebe
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The power consunpt t he e ectrostatl coa escer I ned by the
reS|stah@pmobfbheugknmaes120&;ﬂ&ﬂﬂhﬁdﬁh&&tﬁhﬁmhlﬂewqmﬂaﬁheebﬁw@he@pgoness

fluid a e value of the water cut char rLze ual of the
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fluid entering the electrostatic coal escer 15 effectively defines the final

waf er cutangément shonen sie prgust drwikge p&l@ﬂdeplatbwlqﬁmmszarﬁgwdweInvealttl@|a cosft onend
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be enhamugﬁﬁgxmﬁﬁ@ymﬂuﬂgsﬁmqubeknﬁ&jenergy source that oper at es in

conjunction with the electrostatic coal escer 15. As shown in Figure 8, an

energy source 105 may be coupled to the electrostatic

For purposes of illustration, the electrode plate 120A is grounded, and the electrode

plate 120B is coupled to a power source 125, such as one of the power sources 66, 95

20  described above, or a different power source. Typically, the electrode 120B is coated with a
protective layer 130 to protect the electrode plate 120B from erosive or corrosive effects of

the process fluid (e.g., due to particles or chemicals in the process fluid). The protective layer

130 may also serve as an electrical insulator to reduce the likelihood of arcing. The grounded
electrode plate 120A may or may not have a protective layer 130. The resonant circuit 68

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

The insulating member 115 disposed between the two electrode plates 120A, 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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coal escer 15. Exenplary energy sources include m crowave or ultrasound
devi ces. Exposing the process fluid to a m crowave or ultrasonic energy
field nmywOneriss®ot he coal escence provi ded by the el ecPCodaSativm63sosnl escer
15. The need for an ext er nal energy source 105 may depend on
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illustrated in Figure 9, an electrostatic coal escer 110 may be provi ded
with an internediate insulating nmenber 115 di sposed between the el ectrode
pl at es 120A ThkAa&ldtmedatmbe d 5frhasbe hydvpiiad . hetaeentidi@g) oshydabpiagicrenber
115 and the first electrode plate 120A and a second fl ow path between the
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120A, 120B |ne addi ti ona pat hs t her ebet ween athrd flow
pat h behateesl adjdac@nthe rmmulaailn'g nopembabdrls by) varil tldsmzugllngonﬂl ythevxpnred:tdmt r ode

pl ates 12?A 120B ar iII.ugLﬁrat ed, |ffe(éent confi gur at be thed,
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el ect r aggSudife WRAthm) R &Wghma 1ﬁﬁ§é%1c9@1§‘e QfopEN ExperRHEATLRTe BRI S evlcho MBY
be di sposed be%vveen each pair of electrode plates 45. Of course ot her

geomnet rasggnipgonlasiobdbecansidd dreets pod plasartage of theuiwsylator,omill baemalesdhanode
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protective | aé@ %130 to protect the electrode plate 120B from erosi ve or
B
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in the c%e%?ﬁesr%t}{ek lfﬂl&), thHFwBﬁl‘atrgﬁﬁﬂ MG ﬂr@f&%ﬁce for an insulator with a low dielectric

constant. Where a material with a high dielectric constant is combined with one with a low
20  constant in an electrical field, the electrical field strength will concentrate in the high
dielectric constant material. A lower dielectric constant material for the insulating member
115 will support the goal of building the electrical field over the medium to be coalesced by
reducing the fields in the insulating member 115, thereby allowing a smaller applied voltage
and resulting in safer operations with less power consumption.
25
Providing multiple insulating members 115 between the electrode plates 120A, 120,
as shown in Figure 10, tends to further increase the efficiency of the coalescence. The region
between the insulating members 115 will be free of water droplet chains, which were found
to reduce efficiency. By placing the insulating members 115 close to the electrodes 120A,
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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130 may al so serve as an electrical insulator to reduce the |ikelihood of
arcing. The grounded el ectrode plate 120A may or nay not have a protective
| ayer 130WOThw/osemonant circuit 68 descri bed above may @eCTA®RMO633b%

i npl emented in the electrostatic coal escer 110. The insul ati ng menber 115
di sposed be e two el ectrode plates 12 20B.i ncr eas oal escence
eff|C|éﬁﬁjli%ﬁﬁ&&?@dﬁ&&“d?“&?dﬁl@F?eﬁw’Qﬁﬂpﬁ% ﬂédpdﬁ?ﬁﬁfﬂﬁ %nﬁPH@Hw

pol ari zabjiofiofl, @endiGlokfbc Idogrégéér PAI FiaG ! 1RS enPlogBd §h @CkAd ﬁﬁﬂhcfah&{ dng [ue to
the required high field, and the preference not to use very hi gh voltages,
t he eIemmﬁomébﬁananﬂDAQEMerdmsgomeﬂbenﬁ@lose proxinmty to one another.
Under normal circunstances, water droplets that happen to be in-line with
the electrical field, will be aligned in a "chain" of water droplets that
do not coal gsg@ae iBhiReds anedieresaesdotiiteendiof hACldc@bsth@ olkise@ B0 thi t he
m ddl e of the chain to one side wll be equal to that to the other side,
negat i Agax lweeraplw%fbm adrippligition wheee dedpseasssilyd it pe@pdbt gasdd horlertrastic
release oal e Thi s
chain of %@ Ie sgéggices %%F%?ﬁeﬁﬁ (igﬁ e%%%“#%@%@for ‘%'% B&%ﬁ

coal esaenge, 16% iTab oteflwar sndyle aafe‘letatm@ﬂlwnmﬂatﬁq@ enaieadl es\m&rmebsuﬂems Qmasy
cases, where high field and | ong chains are present, sparking can occur.

The hi diseproyided \faéﬁl@ﬂ @6&&6&1@%1&&«108{%016% KD fRSrRIOKEBY BYDOMSe Iﬁj‘r é Hestraggdy
t hepef o otdﬂﬁ I{a'ﬁi@%wwﬁedrgﬁ iﬁzg{éca%@f il So&let Sfwevd, %nzgg nmber

115 ten reak up thes I ns or even prevent t ng,
resul t |h@g1sedu. d'heigher thoakiesaknketrafeli IG0etoyws thhelectsal ﬁelldrtg bwegﬂmerateiilS may

be hydrophilic (i ter. ng) or hydrophobic (i.e., water
repelIPW@%?“*W@“QFF@S@?avguP%P£ %E@fmeen wat er and a hydrophilic surface
are relatively small conpared to those found in electric fields. The
dielectric constant of the material used for the insulating nmenber 115 nmay
vary dependilngyenanotter panhddembeir shavpl endiguei Bh. the felentrostatiel erlsscan l'f‘rﬁ) hi gh
di Iect nstant (i.e.., higher than th rroundin t he
PR SR i SREE (B O R e R ek RS S T S

bet weennéhserd UQBkﬁ%ﬁ)s@i’lﬂetﬁV@@n s Eac@abtletth@ick NS0 tatifEreasl the cheusaRlicrRr t han
t he thickness would predict. Therefore, in situations where not nuch space

i s presénngtbeiliespndicivg meebers 176 are npeannegtadp gny RPYHF WuEcett hpy de Bpist ant
I nsul at g)era@XS pl@ctﬁ@%g }% c%Hc?uc?th %enj?t?e?sdiﬁj Hl%ytb% ﬁ%ﬁqglp?@\lldé %%We&ﬁ%nt S
er may, I n sone

the insulating ne
characteristics, as described above in relation to the electrode plates 45. Interposed

20  conductive members 175 may also be used in the embodiment illustrated in Figure 2.

Although the electrostatic coalescers 15, 110, 150 are illustrated and described herein
as being in-line devices, it is contemplated that the techniques described herein may be

applied to other types of coalescers, such as vessel based coalescers.

25
The use of an electrostatic force to coalesce liquid droplets in a fluid flow allows
more efficient downstream removal of the droplets, thereby reducing the demands on 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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cases, be rather thick, which would result in a preference for an insulator
wth a low dielectric constant. Wiere a material with a high dielectric
const ant we 20mwvisikesed with one with a | ow constant in anPelrastomoai3osi el d,
the electrical field strength will concentrate in the hi gh dielectric

const an ter ielectri nst ant mat er for .t nsul ati ng
ronber 1 ST Pitopb S BHEREOAT ISR Gt M G CreE S Srd BT 1 e
medi umhg, 9&1@&@4 @ﬁ&%&fi@ﬁ aﬁ@q}l(‘shﬂgvﬁrlfh%oﬁb &ledSntiledeh eemtmff» Hleasrcbﬁtgaﬂaem@ﬁtr 115,
thereby allowing a smaller applied voltage and resulting in safer

oper at iadrike distlos¢degbjqowaittec onscrrginighn thePprovdctipmgowallt theysiireisi assgt &rtnip
nenber% 1%§.b tween the el ectrode plates 120A, 120, as shown in Figure 10,
t ends tB f $°%ncrease the ef ficiency of the coal escence. The region

bet ween the insulating nenbers 115 will be free of water droplet chains,
whi ch were found to reduce efficiency. By placing the insulating nenbers
115 close to the el ectrodes 120A, 120B (i.e., without nerging with them
whi ch woul d reduce the insulator function), a higher efficiency can be
obtained. In contrast to electro coal escence of water in water-in-oi
systens, the conductivity of gases is far less than the conductivity of
crude oils. This circunstance nmakes it possible touse a DC voltage power
source to create an electrical field in the gas nedia. In sone
applications, the electrostatic coal escer 15 nay be enployed in a gas
application and a controlled resonance AC power source may be used. Figure
1 1illustrates an alternative enbodi nent of an el ectrostatic coal escer 150
that may be enployed in an application where the process fluid is primarily
gas. The electrostatic coal escer 150 includes an outer wall 155 and
external electrodes 160 coupled to a power source 162. The outer wall may
be an electrically insulating material. An enclosure 170 may be provi ded
around the external electrodes 160 for protective purposes. In the
illustrated enbodi nent, the power source 162 is a DC power source, however,
an AC source may al so be used. The use of the external electrodes 160
allows the electrical field to be generated while mnim zing the
obstruction of the flow. In yet another enbodi ment shown in Figure 12, the
el ectrostatic coal escer 150
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described in reference to Figure 11 nmay be provided with one or nore
electrically conductive nenbers 175 di sposed between the external

el ect r odew0260/ase080ncr ease the el ectrical field strengt RCTHISR0OMBIOEL | Ve
menbers 175 are not connected to any power source, so they do not operate
as el ectrodes. The conductive nenbe 75, may be coated to provide the
requi red characteristics, as descri ve in relation to the el ectrode
pl ates 45. Interposed conductive nenbers 175 may al so be used in the

enbodi ment illustrated in Figure 2. Although the electrostatic coal escers
15, 110, 150.are Antlesrosttiedoalnstedesowiised: herei n as being in-1ine devices,
it is contenplated that. the technjques described herein may.be applied to
other types Brouar Rty iR P e RN TR BRCe 0 B PR e TN GE an

el egtrostatic forge to coalesce liquid droplets in a fluid flow allows nore
efficient downstreamrenoval of the droplets, thereby reducing the demands
on the remvalovegsPyaeriidand | owering its cost or increasing the anount of
liquid that ¢ r re idi i ghe i r ed
fluid. The papiraty SFUBEESs HRSOELRY o oy S, et bl uP EOEESEFY o
t he di scl osed sulfjed¢hcromtitheflowgpathe nodi fied 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
det@i |l s of nst ryet | : ' ' h : rd.bed
ntRe ol ai e bel o 1 e o B <R A et s
di scl osketcaboreat payeriseu@kbt ered or nodified and all such variations are
considered within the scope and spirit of the disclosed subject matter.
Accordi ngly, the protection sought herein is as set forth in the clains

bel ow. CLAIM3 1. ALl QELEQEE 88d1&c&QRIBIREN, fuBRIBSmpINF; an outer wal |
defining a flow path for receiving a process fluid conprising primarily a
gas; a powera&ouple; canprisangl urality of el ectrode plates coupled to the

powgr source to gengral, a0, besh  padle ifh @ GHO8Ry t Heell QWP Hulks, 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
20 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.
25
5. The electrostatic coalescer of claim 1, wherein the plurality of electrode plates

are disposed within the flow path.

6. The electrostatic coalescer of claim 5, wherein at least a subset of the plurality

30  of electrode plates is coated with an insulative material.

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

are disposed outside the outer wall.
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2. The electrostatic coal escer of claiml1l, wherein the power source
conprises a direct current power source. 3. The electrostatic coal escer of
claim1l, wonptws4@onpri sing: a controller, conprising: &oTiusdewoweszdgoupl ed
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 operabl g to appl de@hsalit RLMRIPGr SHihent whb@nakhet Qubh@alPlcbidlibdsYar0f

el ectrode plates at a frequency corresponding to a resonant frequency of

t he r esdevamdallyiinsolatinginmt¢ried. presence of the process fluid. 4. The

el ectrostatic coal escer of claim1, wherein the outer wall defines a pipe
having a circular cross section. 5. The electrostatic coal escer of claim1,
whersei n the l ur affiet ¥legfroghRcichMd@ep| @t eRIMS € GirgRPS&MMpMidY Mt tibgst f b
path. 6. The electrostatic coal escer of claim5, wherein at |east a subset
of t he gondpcive fengier apecauplsddo Phearaaeer squrepdispepedibetivesn tw o gdieant olectiedeer i al .
7. The g&ggtrostatic coal escer of claim1l1l, wherein the plurality of

el ect r dde pl ates are di sposed outside the outer wall.8. The electrostatic
coal escer of claim7, wherein the outer wall conprises an electrically
insul ating material. The el ectrostatic coal escer of claim1, further

9.
conpri sing at) | eakte drgrastiguericver mmyEm noturbsupPeatiae thécasbars lodur ce
di Sﬂaoseoqsrﬁgtﬁﬂggﬁ&n&mi@gbe%ﬁ%me&'t%tard EntR@B8e pihfs. The el ectrostatic

coal escer aim5, ‘further conprising at |eaSt one flow disrupting
el ement di sposed between two adj acent el ectrode plates. 11. The

el ectrostatic coal.escer of .claim1, erein_the quter mahl ef i nes
vessel . 11. he electrostatic coalescer of claim 1, wherein the outer wall defines a vessel.
12. The electrostatic coalescer of claim 1, further comprising at least one

15  insulating member disposed between two adjacent electrode plates.

13. A fluid separation system, comprising:

piping defining a flow path for receiving a process fluid;

an electrostatic coalescer as defined in any of claims 1-12 coupled to the piping; and
20 a separator coupled to the flow path downstream of the electrostatic coalescer and

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

14. The system of claim 13, wherein the separator is integrated with the

electrostatic coalescer.

25
15. A method for coalescing a disperse phase component in a process fluid,
comprising:
providing a flow path for receiving a process fluid, wherein the process fluid
comprises primarily gas;
30 passing the process fluid through an electrical field generated by a plurality of

electrode plates to coalesce droplets of the disperse phase component.

16. The method of claim 15, further comprising generating the electrical field

using a direct current signal applied to the electrode plates.
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12. The electrostatic coal escer of claim1, further conprising at |east one
i nsul ati ng nmenber di sposed between two adj acent el ectrode plates. 13. A
fluid sepapapbions4@syst em conprising: piping defining a PCowspavlcios
receiving a process fluid; an electrostatic coal escer as defined in any of
clainms 1-12 coupled to the piping; and a separator coupled to the flow path
downstream of the electrostatic coal escer and operable to separate a

di sperse phage conQQQ@ﬁ@dgfagm{hgf@mgg%§§@ﬁgﬂ?g. 14. The system of claim
13, wherein the separator is integrated with the electrostatic coal escer.
15. A net hodréudingcal wduitng coupded pepsrellghagk teo plyoriantof icteciroge ptaess thd ui d,
conprising: providing a flow.pat.h for receivin rocess fluid, wherein
Che process 11 ut dspand 48RP e 28 pS Y RaMeRat ety it
thrgugh an QJpFE/‘iﬂg &Pdltcihind coap@rsaiationye plupdiiey af élbdtrade alt@mtram?u@ﬂl@ft es to
coal esce droplets of the disperse phase conponent. 16. The nethod of claim
15, further conpriogiespndendea fepepanhaceycasy of gl repnang ciisling de diresepge
current signal agghkﬁgo&% hﬂﬁlelectrode pl ates. 17. The method of claim 15,
further conpri sing: OV|éing an inductor coupled in parallel with the
plurality of electrode plates, the inductor and the plurality of electrode
pl ates defining a resonant circuit; and applying an alternating current
signal to tn&: pl ukhgl mefhogs OfeF@&lrydebefré]tneépé?(m& the HGEREPE CBFFaS psRal ng to
a q@soqgﬂﬁ)ggﬁquency of the resonant circuit in the presence of the process
fluid 18. %%e met hod of claim 17, wherein applying the alternating current
si gnal conprscsesg a sengit o the attarnagng cofentt kenal et nati ng current signal; and

changing the frequency to mnimze the sensed current.
gt ng changlgg ﬁle f}/equency to minimize the sensed current.
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