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Introduction CFD Simulation and Particle Trajectories

« Application of nanoparticleslassificationand measuremeris ubiquitousin scientific and industrial Following diagrams(Fig. 2) depictparticletrajectoriesin the classifyingsection(cylinder) for threesize samplesy,
fields. Accuratesize distribution measuremendf a wide spectrumof polydispersenanoparticless equal to 100 300 and 500 nm. The monochromaticimages (left column) show the map of concentrationsor
quite challenging On the left side of the size spectrum,Brownian motions of ions and ultrafine probabilitiesin eachclass DarkermeanshigherconcentrationFig. 3. givesthe mapof landingpositionsand particle
particles,andon theright side,multiple chargingphenomenar non-uniformity of chargedistributions diameterscolored by the fraction per nanometerFor example,roughly 27 % of all 300 nm particles(d,) land at
accounfor this difficulty. distanceof approximately20 cm from inlet markedasthe red dot Velocity field and sampletrajectoriesin 3D are

shownin Fig. 4 andFig. 5.
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* The presentstudy employsComputationaFluid Dynamics(CFD) simulationsof Electrical Mobility
Spectromete(EMS) integratedwith a coronachargerandparticletrackingmethod,to mapregionsin
the classifyingsectionof the instrumenttargetedoy particleswith the highestprobabilities This gives
the signals(chargeswhich canbe potentiallytransferredo electrometerdy particles throughlanding
on the detectorconnectedo the electrometersin a traditional EMS, detectorsareidenticalelectrode 0

rings placedsequentiallyin the classifyingsection Fig. 1. Schematicallyillustratesthe typical of
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. o . . _ . . Particl itions in axial directi
Figurel. Schematic view of an Electrical Mobili§pectromete(EMS). Corona charger is installed upstream and the flow is provided wijth article positions in axial direction [m]

clean sheath air before entering the measurement zone.

« Configurationof the detectordhasdirectimpacton the transfermatrix of the instrumentandtherefore
accuracyof the measurementg his work bridgesthe gapbetweerdatainterpretatioranduncertainties
dictated by underlying physics Feeding CFD results into Genetic Algorithm (GA), optimal
configurationof electrodeqcalled interface)is found, correspondingo the transfermatrix with the
highestrankandentropy This matrix transferanaximuminformationpossible aboutsizedistributions
of Injectedparticles
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Figure 5. Particle trajectories in ¥4 of the Geometry
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Particle positions in axial direction [m]

Entropy of the Transfer
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The singular value decomposition(SVD) of the
matrix F is in theform:

Transfer Matrix and Data
Interpretation

Transfermatrix containsa vectorsignalfor everymonodisperseliametenn the spectrumgiven by the
set of electrodesAny size distribution can be reconstructedy a linear combinationof thesevectors
Considera polydispersgin size) calibratingaerosolwith concentratiorN® (a continuousconcentration
functionof diameter) Assumewe divide the sizedistributioninto J monodisperseclasse®f diameterd,
and treat eachclassindependentlyThereforewe can easily find concentrationn eachsize class,N°
(scaler) ForanEMS with K channelgelectrometers)
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1- If particlesof a monadisperseaerosolof sized; areintroducedinto the device,a signalvectorof K 0.015 i 1T -” T
elementgl;) is producedvhere, o wherethe columnsof U areleft singularvectorsof
=Dy € 1ge iyl (1) 01 ~ - - v = F or orthonormaleigenvectorof FFT, the columns
. . . _ _ Particle positions in axial direction [m] of V areright singularvectorsof F or orthonormal
_2— If apoly—dlspe_rsaerosolls Introduceda S|gne_alvector(l) of the samelength (K) is producedwhich | | o | o | eigenvectorsof FTF and S is a diagonal matrix
is the sumof theS|gnalvectorsproducecby each3|zeclass(l = x| ) Figure 2. 2D axisymmetric view of particle trajectories for 2100nm (first), . :
J '] 300nm(second)and 500nmthird), with different charge distributions containingn singularvaluesof F or squareroots of

eigenvalueg¢a-)iof F'F in descendingrdet

Fraction Number Concentration d(N)/d(dp)

3- The signalstrengthis proportionalto the concentratiorwith factor a. Thereforethe signalproduced
by anyotherconcentrations linearly relatedto the signalproducedoy calibratingaerosal
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s Objectivefunction of GA is the entropyof transfer
> matrix F definedby:
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Mathematicalepresentatioof thethreeabovestatements the matrix form reads
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Figure 3 Each point on the figure represents landing position of a particular s
particle and the color at that point indicates the fraction of the particles of that

whereF is calledtransfermatrix of the EMS, N containssize distribution of injectedparticlesand| is landing at that particular distance
thesignalreadby electrometerasavector
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Why more than one charger?! cownachare

Now, estimatedsize distributionof injectedparticlesis given by inversionof data(N..=F.1) or for an

underdeterminedystems givenby: As it is evidentaccordingto depictions,probability of landing
dl G3 _rmp 3 E (4) increasesas particles travel along the cylinder and then

decreasesuntil a very small fraction escape from the

Herg a-is a positive real numberas regularizationfactor and smoothingmatrix D Is a sparsematrix instrument Concentratingthe electrodesin the regions with
definedas N high probability of landing results in producing a transfer
p CpmE T matrix with higher entropy and thereforemore accuratesize

r (@ E BEE E T () distribution estimation Since width of the aerosol inlet

mE mpPp CPp decreaseshe resolutionof the instrumentand imposeslimits

on the size of electrodes,nsteadof decreasingoeyond the
With this definition, atransfematrix with higherrankgivesmoreaccuratesizedistributions resolution limit, increasing the number of electrodes

peripherallyin angulardirection(asapposedo axial direction),
and dividing the aerosolinlet into the numberof chargers

(with differentchargingconditions)compensatéhe limitations
St e p S all d M et h O d S In axial directionandincreasesheaccuracyof sizedistribution
_ _ _ _ , _ o measurement$-ig. 6 showsthreecoronachargersdivision of . . .
1- Numerical simulationof Coronadischargein the chargerto estimatespacechargedensityin the aerosolinlet and optimum configuration of electrodescalled Figure 6. Schematic of three chargers and optimized electrode
charging chamber This includesM a x w e dgliattoas,chargetransportequation,NavierStokesand interface J
continuityequations
2- Numericalsimulation of aerosolchargingdue to Diffusion and Brownian motionsusing birth-and
deaththeoryandestimationof chargedistributionson eachmonac-disperseclassd..
3- CFD simulationof EMS and particletrackingin the classifierto map landing positionsof particles .
holding different numberof chargesandto obtainthe map of charges(or currents)transferredto the CO nc I USIOoONS
electrorr_leteria_or eachclassa. . . _ According to S h a n niofermasion theory, This transfer matrix of optimized electrode configuration transfers
o C_onflgl_Jratlonof eIe_ctrodesneansphyS|caIIocat|onof electrodesinderthe mapof currents lefe_re_nt maximum information possible,about size distributionsof injected particles Utilizing a triplet charger(with three
configuration meansdifferent vector, transferredand reportedby electrometers Transfer matrix 1s differentchargingconditions)canaddmoreinformationto the system andleadto moreaccurateneasurements well-
obtainedby releasingcalibrating aerosolspanningthe entire size spectrum,and recordingthe signals choserelectrodeinterfaceis embodied Incorporatingthe electrodeinterface,not only helpsfor gainingmoreaccurate
givenin eachsized,. measurementdut reducesomputationatostsof datainterpretationsaswell.

5- Using GA, randomelectrodeconfigurationsare producedto obtaincorrespondindransfermatrices
Theobjectiveis to find a matrix with highestpossiblerankandmaximumentropy
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