
 
 

 
 

  

 

 

PreliminaryPreliminary DesignDesign OfOfAnAn ElectrodynamicElectrodynamic BalanceBalance ForFor SingleSingle ParticleParticle AnalysisAnalysis 

c. Bobcowski , J.J. Costa, S.S. Shaw, R.R. ZucaI', J.J. Schmalzel ,, R.R. Ordonez andand J.J. ChenC. Bobcowsk , Costa’ Shaw’ Zuca , Schmalze Ordofie; Chen’ 

AbstractAbstract --AnAn electrodynamicelectrodynamic chamberchamber (EDC)(EDC) isis aa devicedevice thatthat 
@eldcontrolscontrols thethe electrodynamicelectrodynamic field surroundingsurrounding aa singlesingleparticle.particle. 

ByBy suspendingsuspending thethe particleparticle atat aa fIXed pointpoint inin space,space, variousvarious 
measurementsmeasurements cancan bebe mademade toto determinedetermine thermodynamicthermodynamic 
propertiesproperties ofofthethe particle.particle. ThisThis paperpaper describesdescribes thethe preliminarypreliminary 
engineeringengineering developmentdevelopment ofof anan EDCEDC forfor combustioncombustion researchresearch 
atat RowanRowan University.University. 

faed  

I.L INTRODUCTIONINTRODUCTION 

TheThe mainmain approachesapproaches forfor thermodynamicthermodynamic studiesstudies ofof 
particlesparticles areare basedbased onon thermo-gravimetricthermo-gravimetric analysisanalysis (TGA)(TGA) 
usingusing beambeam balance,balance, calorimetriccalorimetric analysis,analysis, screenscreen heating,heating, 
drop-tubedrop-tube furnacefurnace techniques,techniques, shock-tubeshock-tube methods,methods, andand 
fluidizedfluidized bedbed reactorsreactors [1[l].J. TheseThese methodsmethods areare wellwell 
developeddeveloped andand provideprovide datadata overover aa widewide rangerange ofof 
temperaturestemperatures andand heatingheating rates.rates. TheThe electrodynamicelectrodynamic 
chamberchamber (EDC),(EDC), sometimessometimes referredreferred toto asas anan 
electrodynamicelectrodynamic balancebalance (EDB),(EDB), hashas beenbeen developeddeveloped toto 
studystudy manymany propertiesproperties ofof aa singlesingle particle.particle. OnceOnce aa particleparticle 
hashas beenbeen fixedfixed inin space,space, preciseprecise physicalphysical andand chemicalchemical 
measurementsmeasurements cancan bebe made.made. SomeSome ofof thethe testingtesting 
advantagesadvantages ofof thethe EDCEDC overover otherother techniquestechniques areare thethe 
abilityability toto studystudy thethe combustioncombustion kineticskinetics ofof aa singlesingle 
particleparticle inin controlledcontrolled conditions,conditions, thethe abilityability toto characterizecharacterize 
thethe particleparticle priorprior toto reaction,reaction, thethe capabilitycapability toto monitormonitor 
quantitiesquantities neededneeded forfor kinetickinetic understandingunderstanding inin realreal time,time, 
andand eliminationelimination ofof heatheat andand massmass transfertransfer limitations,limitations, andand 
particleparticle toto particleparticle variation.variation. 

TheThe EDCEDC operatesoperates byby creatingcreating anan electrodynamicelectrodynamic fieldfield 
onon aa chargedcharged particle.particle. AA constantconstant acac voltagevoltage appliedapplied toto aa 
horizontalhorizontal ringring electrodeelectrode thatthat surroundssurrounds thethe particleparticle toto 
restrainsrestrains thethe horizontalhorizontal positionposition ofof thethe particleparticle andand 
contributescontributes toto thethe verticalvertical force,force, whilewhile aa varyingvarying dcdc 
voltage difference betweenbetween thethe verticalvertical electrodeselectrodes controlscontrols 
thethe verticalvertical positionposition ofof thethe particle.particle. WhenWhen thethe particleparticle isis 
voltage difference 

balancedbalanced atat thethe centercenter ofof thethe EDC,EDC, equationequation (1)(1) holdsholds [1],[l], 

(I) 

isis thethe particle's charge-to-masscharge-to-mass ratio,ratio, isis 
accelerationacceleration duedue toto gravity,gravity, zg isis thethe particleparticle verticalvertical 
wherewhere q/mqlm particle’s gg 

Zo 
distancedistance fromfrom thethe nullnull point,point, cc isis aa chamberchamber constant,constant, andand 

Vjc isis thethe dcdc voltagevoltage requiredrequired toto levitatelevitate andand holdhold thethev~c 

particleparticle atat thethe centercenter ofof thethe chamber.chamber. 
Currently,Currently, onlyonly twotwo knownknown electrodynamicelectrodynamic chamberschambers 

[ I ,  41. TheTheareare usedused forfor highhigh temperaturetemperature studiesstudies [1, 2,2, 3,3, 4]. 
overalloverall goalgoal ofof thisthis projectproject isis toto designdesign andand constructconstruct aa 
devicedevice thatthat electricallyelectrically levitateslevitates aa coalcoal particle.particle. MoreMore 
specifically,specifically, thethe objectivesobjectives ofof thethe researchresearch describeddescribed inin 
thisthis paperpaper areare toto developdevelop aa customizedcustomized designdesign fromfrom 
researchresearch ofof existingexisting chambers,chambers, minimizingminimizing thethe chamberchamber 
"dead“dead space,” andand creatingcreating aa hybridhybrid controlcontrolspace," system.system. 
InitiallyInitially thethe chamberchamber neededneeded toto bebe designeddesigned forfor aa uniformuniform 
plasticplastic particleparticle withwith knownknown physicalphysical andand chemicalchemical 
properties.properties. ThisThis projectproject consistsconsists ofof severalseveral phases:phases: (i)(i) 
PreliminaryPreliminary designdesign studiesstudies toto developdevelop andand prototypeprototype keykey 
elements,elements, (ii)(ii) PrototypePrototype development,development, andand (iii)(iii) TestingTesting ofof 
integratedintegrated systemsystem withwith levitationlevitation andand combustioncombustion ofof aa coalcoal 
particle.particle. ThisThis paperpaper describesdescribes thethe resultsresults ofof PhasePhase 1.1. 

11.II. EDCEDC DESIGNDESIGN 

Fig.Fig. 11 showsshows thethe blockblock diagramdiagram ofof anan EDCEDC systemsystem forfor 
singlesingle particleparticle analysis.analysis. TheThe dcdc (end(end cap)cap) electrodeselectrodes 
controlcontrol thethe verticalvertical positionposition ofof thethe particle.particle. ForFor ourour 

*I300 TheThedesign,design, wewe assumeassume anan initialinitial potentialpotential ofof ±300 volts.volts. 
acac ringring electrodeelectrode providesprovides laterallateral andand verticalvertical forcesforces toto thethe 
particle.particle. ThisThis essentialessential componentcomponent notablynotably causescauses greatgreat 
safetysafety concerns.concerns. TheThe ringring electrodeelectrode acac sourcesource providesprovides 
20002000 voltsvolts rmsrms atat frequenciesfrequencies rangingranging fromfrom 1010 toto 6060 Hz.Hz. 
TheThe constantconstant acac signalsignal isis connectedconnected toto thethe ringring electrodeelectrode atat 
aa singlesingle point,point, andand sharesshares aa commoncommon referencereference withwith thethe dcdc 
supply. 

TheThe bandwidthbandwidth forfor thethe EDCEDC designdesign 
supply * 

B= f2i (2)
2.}d; 

isis calculatedcalculated byby consideringconsidering thethe particleparticle fallingfalling fromfrom thethe 
toptop toto thethe bottombottom electrode,electrode, wherewhere dxdx isis thethe distancedistance 
betweenbetween verticalvertical electrodeselectrodes andand gg isis thethe accelerationacceleration duedue 
toto gravity.gravity. ForFor ourour design,design, BB == 20.220.2 Hz.Hz. AssumingAssuming anan 
over-sampling,over-sampling, conservativeconservative approachapproach yieldsyields aa minimumminimum 

(&in 5samplingsampling frequencyfrequency (fs)min '" 200200 Hz.Hz. 
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Fig.1.Fig.l. ControlControl systemsystem blockblock diagramdiagram forfor EDCEDC (ring(ring electrodeelectrode notnot shown).shown). 

A .A. ElectrodeElectrode GeometryGeometry 

TwoTwo verticalvertical electrodeselectrodes andand aa horizontalhorizontal ringring electrode,electrode, asas 
shownshown inin Fig.Fig. 2,2, areare usedused toto regulateregulate thethe positionposition ofof thethe (a)
particle.particle. rr isis thethe radialradial axis,axis, zz isis cylindricalcylindrical axis,axis, andand thethe 
nullnull pointpoint isis defineddefined asas thethe centercenter ofof thethe chamber.chamber. 

z 

r 
(b) 

Fig.Fig. 2.2. ElectrodeElectrode axisaxis definitions.definitions. 

TheThe electrodeelectrode profilesprofiles werewere selectedselected basedbased onon [2].[2]. TheThe 
profilesprofiles forfor thethe electrodeselectrodes mustmust bebe constrainedconstrained byby thethe 

(c)
followingfollowing equationsequations inin orderorder toto maintainmaintain thethe 
equipotentialsequipotentials ofof thethe hyperbolichyperbolic geometry.geometry. TheThe geometrygeometry 
ofof thethe verticalvertical electrodeselectrodes isis givengiven byby (3)(3) andand thethe innerinner 
curvecurve ofof thethe ringring electrodeelectrode isis givengiven byby (4).(4). 

(3)(3) 

(4) 

ConstructionConstruction ofof thethe EDCEDC isis illustratedillustrated schematicallyschematically inin 
Fig.Fig. 3.3. 

Fig.Fig. 3.3. ChamberChamber assembly.assembly. TwoTwo endend electrodeselectrodes (a)(a) sandwichsandwich aa ringring 
electrodeelectrode (b) toto formform aa completedcompleted chamberchamber (c).(c). TheThe EDCEDC isis placedplaced 

inin anan airtightairtight housinghousing (d).(d). 
@I) 



B.B. EndEnd CapCap ElectrodeElectrode FieldField SimulationsSimulations 

MatlabMatlab simulationssimulations ofof potentialpotential distributionsdistributions betweenbetween thethe 
verticalvertical electrodeselectrodes areare shownshown inin Fig.Fig. 4.4. 
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Fig.Fig. 4. PotentialPotential contourcontour (a)(a) andand 3D3D (b)(b) plotsplots forfor simulationsimulation resultsresults fromfrom 
electrodeelectrode geometry.geometry. 

Fig.Fig. 55 illustratesillustrates thethe vectorvector E-fieldE-field andand potentialpotential 
differencedifference betweenbetween thethe verticalvertical electrodes.electrodes. ForFor thisthis 
simulation,simulation, thethe dielectricdielectric constantconstant isis Eo andand thethe spacespace 
chargecharge densitydensity isis zero.zero. 

C.C. PositionPosition ControlControl SystemSystem 

OurOur controlcontrol approachapproach adoptsadopts aa hybridhybrid strategystrategy developeddeveloped 
fromfrom [1] andand [4].[4]. AA He-NeHe-Ne laserlaser actingacting onon aa linearlinear arrayarray isis 
usedused toto locatelocate thethe particleparticle positionposition (see(see Fig.Fig. 1).1). TheThe 
controlcontrol algorithmalgorithm isis implementedimplemented inin thethe controller,controller, whichwhich 
drivesdrives aa variablevariable high-voltagehigh-voltage dcdc amplifieramplifier toto produceproduce thethe 
requiredrequired potentialpotential onon thethe verticalvertical electrodes.electrodes. TheThe circularcircular 
ringring electrodeelectrode isis drivendriven withwith aa high-voltagehigh-voltage excitationexcitation toto 
provideprovide aa horizontalhorizontal centeringcentering field,field, asas wellwell asas 
contributingcontributing toto thethe verticalvertical force.force. TheThe componentscomponents ofof thethe 
positionposition controlcontrol systemsystem areare describeddescribed inin thethe followingfollowing 
sections.sections. 

[I] 

1) ImagingImaging SystemSystemI )  

The components in Fig. 1 that make up the imaging 
system are the HeNe laser, the particle, a diverging lens, 
the linear array, the linear array driver, and the position 
sensor. Fig. 6 illustrates the imaging system as a 
generalized instrumentation system, viewing the HeNe 
laser, the particle and the lens as the "physical system", 
and the linear array and its accompanying driver as a 
transducer. 

LinearLinear array,array, s(t) Position i(t) 
driverdriver sensor --+ 

Fig.6. Generalized block diagram of the imaging system. 

TheThe imagingimaging systemsystem shownshown inin Fig.Fig. 66 servesserves toto translatetranslate 
thethe measuredmeasured signalsignal (particle(particle location)location) intointo aa signalsignal thatthat 
drivesdrives thethe position controlcontrolDosition system.svstem. AA HeNeHeNe laserlaser isis 
directeddirected towardstowards thethe linearlinear array.array. IfIf thethe particleparticle isis inin thethe 
pathpath ofof thethe laser,laser, itit willwill castcast aa shadowshadow onon aa divergingdiverging lenslens 
thatthat distributesdistributes thethe imageimage alongalong thethe lengthlength ofof aa linearlinear 

Fig.Fig. 5.5. ElectricElectric fieldfield simulationsimulation forfor aa cylindricalcylindrical geometrygeometry asas defineddefined inin (3).(3). 



array.array. TheThe shadowshadow ofof thethe particleparticle isis thethe time-varyingtime-varying 
m(t). ConversionConversion ofof thethe measurandmeasurand isismeasurandmeasurand signal,signal, met). 

performedperformed byby thethe linearlinear array,array, withwith thethe helphelp ofof itsits 
associatedassociated driverdriver toto produceproduce set).s(t). TheThe positionposition sensorsensor 
instrumentinstrument thenthen acquiresacquires thisthis electricalelectrical signalsignal andand 

s(t)transformstransforms set) toto i(t)i(t) whichwhich indicatesindicates thethe particleparticle position.position. 
TheThe ReticonReticon PP SeriesSeries linearlinear arrayarray selectedselected forfor thisthis 

projectproject hashas 20482048 elements,elements, providingproviding aa 28.72828.728 m.mmm 
sensingsensing areaarea [5].[5]. ThisThis sensorsensor providesprovides linescan ratesrates upup toto 
135135 kHzkHz andand datadata ratesrates upup toto 4040 MHz.MHz. TheThe spectralspectral 

linescan 

nin.responseresponse ofof thethe PP SeriesSeries isis betweenbetween 200200 andand 10001000 mn. 
ThisThis responseresponse supportssupports thethe spectrumspectrum ofof thethe HeNeHeNe beambeam 
(632.8(632.8 nm).nm). 

TheThe PP SeriesSeries requiresrequires thethe followingfollowing sixsix controlcontrol signals:signals: 
<lHl (phase(phase 1), <1Hz (phase(phase 2),2), <PRG (reset(reset gate),gate), <l>rG (vertical(vertical 

gate),gate), (PPG (pixel(pixel storagestorage gate),gate), andand Q ~ s  
h, l), (R12 b~ 
transfertransfer <l\>G ~\A.B 

(antiblooming(antiblooming // exposureexposure controlcontrol gate).gate). AA statestate machinemachine 
mustmust bebe designeddesigned toto provideprovide thethe timingtiming signalssignals inin orderorder toto 
drivedrive thethe imagingimaging array.array. TheThe statestate machinemachine cyclescycles 
betweenbetween twotwo majormajor statesstates ofof operation:operation: integrationintegration 
(acquire(acquire image)image) andand lineline transfertransfer (data(data exitsexits CCDCCD shiftshift 
register).register). 

2)2) VerticalVertical ElectrodeElectrode VoltageVoltage ControllerController 

TheThe purposepurpose ofof thethe controllercontroller isis toto regulateregulate thethe dcdc voltagevoltage 
potentialpotential betweenbetween thethe verticalvertical electrodes.electrodes. TheThe requiredrequired 
compensationcompensation voltagevoltage isis aa functionfunction ofof thethe particleparticle 
properties,properties, particleparticle positionposition andand velocity,velocity, andand thethe 
surroundingsurrounding environment.environment. UsingUsing thethe equationsequations describeddescribed 

[l],belowbelow andand inin [1], simulationssimulations forfor thethe particleparticle movementmovement 
havehave beenbeen performedperformed inin orderorder toto evaluateevaluate controlcontrol 
algorithmsalgorithms thatthat willwill laterlater bebe implementedimplemented inin hardware.hardware. 
TheThe dcdc voltagevoltage 

(5) 

isis thethe summationsummation ofof thethe dcdc voltagevoltage requiredrequired toto levitatelevitate thethe 
particleparticle atat thethe centercenter ofof thethe chamberchamber andand anan offsetoffset vohage 
term.term. 

WhenWhen identifyingidentifying thethe relationshipsrelationships betweenbetween thethe systemsystem 
variables,variables, thethe systemsystem cancan bebe modeledmodeled byby aa finitefinite numbernumber 

voltage 

ofof coupled,coupled, first-orderfirst-order differentialdifferential equationsequations (state(state 
equations)equations) 

4= J; (t 'Xl" '" Xn , UI , ,Up) 

4= J;(t,xl, .. ·,xn,ul' 

M 

,up ) 
(6) 

wherewhere i¥A$ isis thethe derivativederivative ofof thethe statestate variablevariable xiXi withwith 

u l ...uprespectrespect toto timetime t ,t, andand u] .. . up areare thethe inputsinputs toto thethe systemsystem 

TheThe statestate variablesx]",xn areare keykey variablesvariables thatthat serveserve 
toto completelycompletely descibedescibe thethe dynamicdynamic behaviorbehavior ofof thethe 
[6] .[6]. variablesxl ...x,, 

determinesystem.system. TheThe statestate variablesvariables dc~termine thethe futurefuture behaviorbehavior 
ofof thethe systemsystem whenwhen thethe presentpresent statestate ofof thethe systemsystem andand thethe 
excitationexcitation signalssignals areare knownknown [7].[7]. 

AnAn importantimportant conceptconcept inin dealingdealing withwith thethe statestate 
equationequation isis thethe conceptconcept ofof anan equilibriumequilibrium point.point. AA pointpoint xX 

== x *x* inin thethe statestate spacespace isis saidsaid toto bebe anan equilibriumequilibrium pointpoint 
ofof thethe unforcedunforced statedstated equationequation (defined(defined asas thethe systemsystem 
withwith allall ofof itsits inputsinputs setset toto zero)zero) 

:&= J(t, x) (7) 

ifif itit hashas thethe propertyproperty thatthat wheneverwhenever thethe statestate ofof thethe systemsystem 
atx"startsstarts atx*atx* itit willwill remainremain atx* forfor allall futurefuture time.time. 

TheThe processprocess ofof evaluatingevaluating potentialpotential controlcontrol algorithmsalgorithms 
beginsbegins withwith thethe equationsequations ofof thethe motionmotion ofof aa chargedcharged 
particleparticle inin thethe EDCEDC forfor thethe verticalvertical andand horizontalhorizontal 

[13.directions,directions, shownshown belowbelow respectivelyrespectively [1]. 

dZ~ d~d25 4-+2k- -2E5 C O S ( 2 Z )  -h = O-+2k--2E~cos(2r)-h=O (8)(8)
dr
 

d2R dRdR
 
drd z 2z dz 

-z-dZR ++ 2k-+2k-+ ERERcos(2r)C O S ( ~ Z )==00 (9)(9)
drd z 2dr dz 

hand EE areare electrodynamicelectrodynamic fieldfield strengthstrength parameters,parameters, andand 
kk isis aa dragdrag forceforce parameter.parameter. 
h and 

TheThe experimentalexperimental statestate variablevariable ~c isis derivedderived forfor 

eacheach controlcontrol algorithm.algorithm. TheThe statestate equationsequations thatthat describedescribe 
thethe motionmotion ofof thethe particleparticle areare defineddefined inin (10).(10). 

x, =5XI =~ 

Xz =~ 
x3 =x3 =RR 

x4 =# 
(10) 

4=xz 
4=~ 

4=X4 

4=4 
TheThe verticalvertical directiondirection andand velocityvelocity ofof thethe particleparticle areare 

x, and x2. TheThe similarsimilardefineddefined aboveabove asas thethe statestate variablesvariables x] andx2. 
xg x4.horizontalhorizontal variablesvariables areare X3 andand X4. TheThe remainingremaining termsterms 

areare derivativesderivatives ofof thethe statestate functions.functions. TheThe finalfinal stepstep isis toto 
evaluate thethe response systemsystem byby manipulatingmanipulatingeval~ate response'' ofof thethe 
variousvarious controlcontrol algorithms.algorithms. 
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Fig. 7. Control algorithm simulation. 

TheThe expressionexpression thatthat definesdefines thethe controllercontroller algorithmalgorithm isis 

C(s) = VDC(S) . (11) 
~(S) 

TheThe validityvalidity ofof suggestedsuggested controlcontrol modelsmodels waswas investigatedinvestigated 
usingusing MATLAB.MATLAB. TheThe followingfollowing describesdescribes anan exampleexample 

K, isissimulationsimulation ofof aa leadlead controllercontroller givengiven byby (12),(12), wherewhere K c 

thethe controllercontroller constant,constant, andzandz andpandp areare thethe zeroszeros andand polespoles 
ofof thethe controllercontroller function,function, respectively.respectively. 

TheThe assumptionsassumptions mademade forfor thisthis simulationsimulation isis thatthat therethere isis 
nono combustioncombustion stimulus,stimulus, thethe gasgas insideinside thethe chamberchamber isis air,air, 
andand thethe chamberchamber constant,constant, cC = 0.87710.8771 [I).= [l]. ItIt shouldshould bebe 
notednoted thatthat thethe chamberchamber constantconstant mustmust bebe determineddetermined 
experimentally,experimentally, asas itit differsdiffers fromfrom chamberchamber toto chamber.chamber. 
AnAn accurateaccurate calculationcalculation ofof cc requiresrequires measuringmeasuring thethe 
chargecharge ofof thethe suspendedsuspended particle,particle, andand evaluatingevaluating (I). ItIt isis(1). 

presumedpresumed thatthat aa uniformuniform testtest particleparticle willwill bebe used,used, withwith aa 
km kgln?.diameterdiameter ofof 300300 /lm andand aa densitydensity ofof 12001200 kg/nt. Also,Also, 

thethe acac voltagevoltage isis initiallyinitially fixedfixed toto 20002000 voltsvolts rmsrms forfor mostmost 
each trialofof thethe simulations.simulations. TheThe timetime spanspan forfor each trial isis initiallyinitially 

setset toto 100100 intervals,intervals, andand cancan bebe adjustedadjusted asas desired.desired. 
AA startingstarting pointpoint inin analyzinganalyzing thethe simulationssimulations isis toto 

observeobserve thethe simulationsimulation whenwhen thethe systemsystem isis operatingoperating 
target values. ItIt isis initiallyinitially assumedassumed thatthat thethearoundaround somesome target values. 

particleparticle willwill favorablyfavorably reactreact whenwhen thethe rangesranges forfor EE andand kk 
areare 0.1-20.1-2 andand 0.2-3,0.2-3, respectivelyrespectively [I).[I]. ByBy varyingvarying thethe 
manymany remainingremaining variablesvariables (e.g.(e.g. initialinitial dcdc voltage,voltage, initialinitial 
verticalvertical andand horizontalhorizontal positionspositions andand velocitiesvelocities ofof thethe 
particle,particle, acac fieldfield potentialpotential andand frequency,frequency, timetime intervals,intervals, 
zeros,zeros, polespoles andand controllercontroller gain),gain), thethe controlcontrol algorithmalgorithm 
cancan bebe examinedexamined forfor performanceperformance characteristics.characteristics. Fig.Fig. 77 
showsshows anan exampleexample simulationsimulation ofof aa controlcontrol algorithm,algorithm, 
depictingdepicting thethe verticalvertical andand horizontalhorizontal positionspositions andand 
velocities.velocities. SomeSome ofof thethe parametersparameters setset forfor thisthis simulationsimulation 
areare asas follows:follows: anan initialinitial dcdc potentialpotential ofof 300300 volts,volts, thethe 
particleparticle isis 66 mmmm fromfrom thethe nullnull point,point, thethe ringring electrodeelectrode isis 
20602060 voltsvolts rmsrms atat 3838 Hz,Hz, andand thethe controllercontroller parametersparameters areare 
p=lO,z=O.l andKc=5.p=10, z=O. 1 and Kc=5. 



111.III. FUTUREFUTURE WORKWORK 

;inThisThis paperpaper describeddescribed thethe preliminarypreliminary designdesign ofof an 
electrodynamicelectrodynamic chamber.chamber. AnAn EDCEDC providesprovides aa meansmeans ofof 
creatingcreating anan electrodynamicelectrodynamic fieldfield toto levitatelevitate chargedcharged 
particles.particles. ByBy isolatingisolating aa singlesingle particleparticle inin aa chamber,chambe:r, 
manymany propertiesproperties ofof thethe particleparticle cancan bebe studied.studied. PinAn 
optimaloptimal controlcontrol algorithmalgorithm mustmust bebe determineddetermined throughthrough 
moremore loesimulations,simulations, fabricationfabrication ofof thethe electrodeselectrodes isis toto be 

doinecompleted,completed, andand thoroughthorough testingtesting ofof thethe EDCEDC willwill bebe done 
beforebefore itit isis usedused forfor particleparticle analysis.analysis. PhasePhase 22 designdesign 
workwork willwill involveinvolve thethe developmentdevelopment ofof prototypeprototype elementselements 
withwith testing.testing. AlthoughAlthough therethere isis stillstill muchmuch workwork forfor thisthis 
projectproject toto reachreach completion,completion, thethe EDCEDC willwill proveprove toto bebe aa 
valuablevaluable tooltool forfor combustioncombustion research.research. 
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