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•Application of nanoparticlesclassificationandmeasurementis ubiquitousin scientific and industrial

fields. Accuratesize distribution measurementof a wide spectrumof polydispersenanoparticlesis

quite challenging. On the left side of the size spectrum,Brownian motions of ions and ultrafine

particles,andon theright side,multiple chargingphenomenaor non-uniformity of chargedistributions

accountfor thisdifficulty.

•The presentstudyemploysComputationalFluid Dynamics(CFD) simulationsof ElectricalMobility

Spectrometer(EMS) integratedwith a coronacharger,andparticletrackingmethod,to mapregionsin

theclassifyingsectionof the instrumenttargetedby particleswith thehighestprobabilities. This gives

thesignals(charges)whichcanbepotentiallytransferredto electrometersby particles,throughlanding

on thedetectorsconnectedto theelectrometers. In a traditionalEMS, detectorsareidenticalelectrode

rings placedsequentiallyin the classifyingsection. Fig. 1. Schematicallyillustratesthe typical of

EMS.

Figure 1. Schematic view of an Electrical Mobility Spectrometer (EMS). Corona charger is installed upstream and the flow is provided with 

clean sheath air before entering the measurement zone.

•Configurationof thedetectorshasdirect impacton the transfermatrix of the instrumentandtherefore

accuracyof themeasurements. This work bridgesthegapbetweendatainterpretationanduncertainties

dictated by underlying physics; Feeding CFD results into Genetic Algorithm (GA), optimal

configurationof electrodes(called interface)is found, correspondingto the transfermatrix with the

highestrankandentropy. This matrix transfersmaximuminformationpossible,aboutsizedistributions

of injectedparticles.
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According to Shannonôsinformation theory, This transfer matrix of optimized electrodeconfiguration transfers

maximum information possible,about size distributionsof injected particles. Utilizing a triplet charger(with three

differentchargingconditions)canaddmoreinformationto thesystem,andleadto moreaccuratemeasurementsif well-

chosenelectrodeinterfaceis embodied. Incorporatingtheelectrodeinterface,not only helpsfor gainingmoreaccurate

measurements,but reducescomputationalcostsof datainterpretations,aswell.

Introduction CFD Simulation and Particle Trajectories

Transfermatrix containsa vectorsignalfor everymonodispersediameterin the spectrum,given by the

set of electrodes. Any size distribution can be reconstructedby a linear combinationof thesevectors.

Considera polydisperse(in size)calibratingaerosolwith concentrationNc (a continuousconcentration

functionof diameter). Assumewe divide thesizedistributioninto J mono-disperseclassesof diameterdj

and treat eachclassindependently. Thereforewe can easily find concentrationin eachsize class,Nj
c

(scaler). For anEMS with K channels(electrometers):

1- If particlesof a mono-disperseaerosolof sizedj areintroducedinto thedevice,a signalvectorof K

elements(I j) is producedwhere,

I j= [i1jé ikjé iKj]
T (1)

2- If a poly-disperseaerosolis introduced,a signalvector(I ) of thesamelength(K) is producedwhich

is thesumof thesignalvectorsproducedby eachsizeclass(I=×j I j).

3- Thesignalstrengthis proportionalto theconcentrationwith factoraj. Thereforethesignalproduced

by anyotherconcentrationis linearly relatedto thesignalproducedby calibratingaerosol.
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Mathematicalrepresentationof thethreeabovestatementsin thematrix form reads:
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whereF is calledtransfermatrix of the EMS, N containssizedistributionof injectedparticlesand I is

thesignalreadby electrometersasavector.

Now, estimatedsizedistributionof injectedparticlesis givenby inversionof data(Nest=F-1.I ) or for an

underdeterminedsystemis givenby:

╝ ╕╕ ‗╓╓ ╕╘ (4)

Here, ɚis a positive real numberas regularizationfactor and smoothingmatrix D is a sparsematrix

definedas:
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With thisdefinition,a transfermatrixwith higherrankgivesmoreaccuratesizedistributions.

1- Numerical simulation of Coronadischargein the chargerto estimatespacechargedensity in the

chargingchamber. This includesMaxwellôsequations,chargetransportequation,Navier-Stokesand

continuityequations.

2- Numericalsimulationof aerosolchargingdue to Diffusion and Brownian motionsusing birth-and-

deaththeoryandestimationof chargedistributionsoneachmono-disperseclassdj.

3- CFD simulationof EMS andparticle tracking in the classifierto maplandingpositionsof particles

holding different numberof chargesand to obtain the map of charges(or currents)transferredto the

electrometersfor eachclassdj.

4- Configurationof electrodesmeansphysicallocationof electrodesunderthemapof currents. Different

configuration meansdifferent vector, transferredand reported by electrometers. Transfer matrix is

obtainedby releasingcalibratingaerosolspanningthe entire size spectrum,and recordingthe signals

givenin eachsizedj.

5- Using GA, randomelectrodeconfigurationsareproducedto obtaincorrespondingtransfermatrices.

Theobjectiveis to find amatrixwith highestpossiblerankandmaximumentropy.

Transfer Matrix and Data 

Interpretation 

Following diagrams(Fig. 2) depictparticletrajectoriesin the classifyingsection(cylinder) for threesizesamplesdj

equal to 100, 300 and 500 nm. The monochromaticimages(left column) show the map of concentrationsor

probabilitiesin eachclass. Darkermeanshigherconcentration. Fig. 3. givesthemapof landingpositionsandparticle

diameters,coloredby the fraction per nanometer. For example,roughly 27 % of all 300 nm particles(dj) land at

distanceof approximately20 cm from inlet markedas the red dot. Velocity field andsampletrajectoriesin 3D are

shownin Fig. 4 andFig. 5.

The singular value decomposition(SVD) of the

matrixF is in theform:

╕ ╤╢╥ (6)

wherethe columnsof U are left singularvectorsof

F or orthonormaleigenvectorsof FFT, the columns

of V are right singularvectorsof F or orthonormal

eigenvectorsof FTF and S is a diagonal matrix

containingn singularvaluesof F or squarerootsof

eigenvalues(ɚi) of FTF in descendingorder.

Objectivefunction of GA is the entropyof transfer

matrixF definedby:
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Entropy of the Transfer 

matrix or GAôs Objective

Why more than one charger?!

Figure 5. Particle trajectories in ¼ of the Geometry   

Figure 2. 2D axisymmetric view of particle trajectories for 100nm (first), 

300nm (second), and 500nm (third), with different charge distributions 

Figure 4. Velocity field in the classifying section

Figure 3. Each point on the figure represents landing position of a particular size 

particle and the color at that point indicates the fraction of the particles of that size 

landing at that particular distance

As it is evidentaccordingto depictions,probability of landing

increasesas particles travel along the cylinder and then

decreasesuntil a very small fraction escape from the

instrument. Concentratingthe electrodesin the regionswith

high probability of landing results in producing a transfer

matrix with higher entropy and thereforemore accuratesize

distribution estimation. Since width of the aerosol inlet

decreasesthe resolutionof the instrumentand imposeslimits

on the size of electrodes,insteadof decreasingbeyond the

resolution limit, increasing the number of electrodes

peripherallyin angulardirection(asapposedto axial direction),

and dividing the aerosolinlet into the numberof chargers

(with differentchargingconditions)compensatethe limitations

in axial directionandincreasestheaccuracyof sizedistribution

measurements. Fig. 6 showsthreecoronachargers,division of

aerosolinlet and optimum configurationof electrodescalled

interface.
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Figure 6. Schematic of three chargers and optimized electrode 

configuration
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