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Abstract

In:nmﬂp & numsncal mmﬂﬁﬁmlnwﬁihrntﬂmdﬂuld Nosd @nd aerasal partcle
wranrpor na leng column slectrical monfily SpRCIAmMELSr (EMS] has been deyelepar The inteema thees-
dimersicral (304 struchurs nl-n E!ds.,lr'mn-'rd'l'lm Kevearn J, Cham, Eng., D6{1], 758 [2HE]};
mmﬂwhmdﬁmamﬂmwlmﬂwﬂ parlicle irajecionss in the EM3.
pehading the swiling fiow thal develops near b & |mm.ﬂnn|ul gl Tha incompreasibla Mawer-SoEss
ecaalisn 1§ numericaly eslculated for e gas fow and partide ijectodes. wilh 8 commercia
pompulaional fluld dynamics (CFD| sofware packags; FLUENT 6.3, uging 8 Brde wolune mathod. The
calculaled regus agraed with the gravigus pubiished rasus in the lilsrature, Precicticn of Muld fow ared
sorosol parlices Fansporl were also parliculary usaful in the EM3 desigr.
Keywords: Asrosel, Parice, Nurefcsl Simulaten, Electrical Mabiity, S pectrorg e

1, Introduction

A lang column  plecinical | maobilty
spactorieler (EME] & one of the most cormmenly
wsad inslrumants for e measwement of Sanoeo
pancle sze dsiribulon 0 the nancmeler-szed
rarge based an malr akpctical mabiiity Echnique
Tha mast widely uvsedd EMS & based on ihe
deaign deveiomad by Mirme [1]. Inlra  and
Tippayawong [#] offars reviews of the recend
devaicpment of ts lechnique.

& typical selup ol a genarsl EMS conmsls
of W concoine sleciiodes Debween wimch a
polentad = appbed, Thare aré ben sircams;
polydspemse asnosal ghd Shesm ar fows The
inner elecirade of thi spECirameter is maintanad
a8 DT migh veltage whie the coter chases of
e specirometar s grosnded. The  charged
poficies antar tha speciromsler coumn closs 10
e inner alecirade Oy & eontingous Now of ar,
gni aurraundnd by A sheath air flow. Snce (he
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inmer gleriode s Rept @l & high vaRagae the
charged pariides 8re defacied cubsard racially
They arg calssad on @ sprigs af Sectically
imotaing emchromelar nngs pastionad al s mner
sirfaces of the outar chaiss ol the EpaCtEnAlor
polumn, Wirual grodnd potental inpul al highly
serEitce elgciromabes arg comnactied |0 Bnese

o RS LT CUmEMs

mlaciomaber  fAngs 10
pomespanding b The rumber cancentaion of
particias in @ given mokdity which & In Lan
relatad bo e partide sze distibimon. Reselulien
ol tha instramest s detarmined maEinly by Ihe2
number and widgiy al e slectromeler Fings The
siza  range of parlice  ookected
slspirmmater frgs can be vared by adjusting the
parasal and sheath sir Now res, he vallags
applien o the ifRer chectrode, @R INe BsETRing

of  the

Fressurd
B ix el known that Tid fos and penie
erarmpoit inside (ke EMS are imporient fecar
plisancing  accusate particle  gize  dsrbulion
miasuremenks Fled fow Bnd parscle trenspor
ingada the EMS Fab o recenty beer sudied by
many peophe [3 - 8] T.tul kncealedige, 1he s
of & 30 smulation of fuid fow and paricle
rangpo |0 the loog EMS has nol been
reedy slucliaid in Iferabune. In ihes paper, @
50 campuiational model for prediciian of Thid fow
and aermeol particde Iranapan inside a long EMS
dovelnpe=d & Chigng  Mal  Universty wes
developad and shodied & datslid deseiption of
the ocparaling peinciple of the EMS is also

prasanbed

2. Description of a Long EMS

The EMSE has ons lbog  columa,
consisting of cosdaly eyindical alectrodes. Fig
1 shoras @ schamatic dagrain of e jong EMS
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issad i This shudy |8]. Ouler Chassis & mate of A
ApY min lang - Alumaum jube wiin an inbema
darmaier of 55 mm. Inner glactross s made of 3
25 mm w damtstr siEneNs skl rod, Widih of
the gernsnl inlet chenne is 2 mm Thie shaath-or
figw emiared wih a el eomoanen] and fen
flessad throuoh & 07 mm gnick Taflan mash
angure i Aow was mingr, The 22 elacinamela’
nngs used resull if Me dassilication of evary
mansured aeroscd i 22 mobdily rarges Tha
Eachomeler mg:m:m:rmdwm Tha
frel aloclramatar  tng & |oced a0 mm
diswnsirear iFe serasal inlet, while 2 1 mm gap
I5 allowad besssan the electomeler nngs far
almcirioa’ salalipn
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Fig. 1 Sehamalic diagram of lhe long EMS [1]




@MENE"I_I':"-E' ,

3, Physical Madelling

Fas flow &nd  parices  moelon &
Fumerizaly madeied and salead o astmale the
pafcda ransporl i an EME
3.1 Gas continuity

The gas flow | coridered e man
phose and s moBon s descrbed By e
comiinuily and the momentum aquatons, known
A6 tra Madier-Siaked agualions

i
— =0 1
o Fe 11k

where o i he gas densily, 8 u, & the =2
wionity companeri in tho &, dinschon
1.2 Gas mamanium

S [P O .. S O S -
T T, Le 1}

where o i the mass density of e gas. « = the
g walonty. @ b the gas melacular dynamic
vigcosity, [, I8 i gerodynamic drig foree, and
n i fhe §a5 prassure.
3.3 Particles maotion

Aeragol paticles are aceslgrsiac by the
aeadyrsanie  drag. When  cofigon and
poppdatan betasan pamicles can be ri=gleched,
the squaton of the paeticle motian b eepressed

L2
iky
—_—t (]
di ' :
ay, |
m, _.|1'|' - Fll'“'-"“lr["- =¥l )

where m, is the parlics mass, + i the padicls
welgeily, L is Tie Cunningham eofraction faclor,

and o is the pariice damiber
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4. Compulaticnal Modeliing

4.1 Msthod of solution

Bk Mow &wl pancle Sajectares in an
inteeral 30 siruciure of og EME are cabculabed by
fhe pommerosl CFD package, FLUENT B3,
usmg. 8 finle  volume  method oo fhe
inpompnessitle Naﬁar—ﬁmkn: equalishn m 30
cyfrdrical coondnates. The sokiflon deman s
diitied brfo o nmber of ceds known 85 control
voumes. In the imge walume  approach  of
FLUEMNT &.3. he gavaming squatons lar e gas
flow and ke parcles mation are npmercally
integrated ovar aach af these compuiaticra ol
ot pantrol solumes.
4.2 Bowndary conditions

The comptational demain of the EME &
ghewn in Fig. 2 The model EMS consista of {he
garceal  amd  sheath  ar  inlels,  angd  cation
moundanes. As shown in o the Fig 2. ma silp
boundary i3 sanlad o ab the soid walls ndwdéd
" @ compulston demain and fed velooty
houndary condtions wire appiesd 10 he asmoss
ared ghaath air fow inlals. The velociiies . o) eech
inlet were calculated from she Tow rabes ihrough
these sifs Liniarm velocity profle i sssumed ol
e sheasth and aerasol inlél SoTEs e OT0ES
pmction ol (he bl jubas Boundary condilions
dgRd in iz calculation are summanes in Tabk 1
4.3 Computational mesh

Fig. 3 shows a computational mash wsed
few 1z Auic Ao and parfichs tanspon sSmulsliong
Finar grids are used in fhe region doss 16 e
aerasal erirange and whara the weiodly gradan
i ewpaciad fo be larps, An uralrucissd mesh s
yead & fotal of abodl 560407 mashes sne
disiibuiad i computatioral domain of Femal

figwes In the EMS.
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5. Results and Discussion

The cperating (es was ambisrl ar
{(dansity 15 1225 lig-'l'ﬂ1 and viaicoaily is 1.TES 2
10" keimia), whie particls demetsr i 10 - 1900
nm. Fig, 4 shows the CFD caleidations of the Tuid
flow wetnsly in the EMS, Tha high towarnds low
inbersty regrang Wans indcsl e Iy red, yalone
gresan 1o blue. respactively. Fag, #b) shows the
detsied few maAching Condbion  argurd  the
aefpsnl and sheatn @ inlebe. Moranidorm fow
velpcity disinbation was found near lhe. gerpscd
snd shaath ar mkl bourdanes. I germral, the
forw profile bacomaes fully devaloped al & law
tydraulic diameiers downsbaam from ihe agresal
nial, whie negighin dsbarbancss ocour & the
pord whees the bao Mows (esecl and shaath slr}
marge. Fig dic) ahows fhe celaiksd fios veiociy
araund ihe sxcess ar oullsl, It cam be ssen ket
e Mighest fiow velocly wis faured in he Becoss
air autinl, lccated in the botlom el comar sios af
i model. Flow simidatios fagulls showsd gimbae
srafidl W those by thsd prestous publishied resulls in
the Ieratuia [3 - 8]

Fig. & shows CFO calculation resuts of
i massiess paelicls trajectories inside e EMS
Thes massless particles arbér from aerasal and
ghanth ar infets 10 exsass A outsl Fig. S{b) and
Eic] shows irajaciories of mssEess parlices
araund e agrescl and ghasth air inlEl and
preogs oir outed. The uriform disinbulion ol
perdicias was Tound At downsirsam from @a
amircmct and ShEatn alr mlel N owas ales shown
whal theé noruniformity of particle droumlerelisl
dighbukcn el xisls near the perceol  and
shea® ar meis and sxcass ar oullet iz caussad
by @ monuniform gas veledly disbubon in

sigrity of the dsrosol @ng sheath alf inlels
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Fig. 4 CFD caléulations of we Tuid fow veiooly
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[a) Tobal viaw

T R

(b} The regions clss 16 aercscl and shesih air
inlgls

|c] The regions clise ioaecess air oulled

Fig. 5 GFO calculations of tha masskess parlicka
rajechories neide the EMS
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Wen ragards b s@ing uhradme asrpscd
paricias of dameter amalier than 3 few iens ol
nmi, Brosmias difflsaon mobon becomas dmporiaiit
8], Since lhe samosal s ontered ihlE (a EMS
column Brcigh A narmos anmdar s, the EMEB
wansmission efldency orops  aignificantly  for
porlides tefow 10 om- dus &0 diffusion lossas In
he anruias and olher ow passages, Furthar,
lpng residence tima in the EME column regdh
resulls 0 subslastal | Srosman  diffusian
mraadening of Ihe Fansler funclicn for nanometer-
weed parides. Fig & shaws paricle (Fajaciones
in fhe EMS wilh taking o sccount thi Brosrian
diffusion affact for particke dismaters of 10 900,
and 1000 rem. B was shown ihal smaller parcles
wern fourd ta ashibil Righer Briamian cfusive
modicn Fan (b ferger particles, &= apparent sl
Broarian - difusion  ggnficanily affacs parice
trajecioriss whan he diamaies is smaler than 10
ren [9, 10), SFD resuls alsn showed smiar with
tnia pravicus work [3]

E. Canclusions

A 30 nigperics model was devalopad for
jhe descripiom ef fhaid flow and percsnl parices
frandpant inside the kang EMS. The model was
devaloped with e commercsl CFD package,
FLUENT 6.3 Tna modal was axtanaheely appled
o A0 geomsiry provided with detad |a) the gas
fiow fisld @ (D) paficde Wajeciones. |l was
ahown mal the pomerical  simdstion  resulis
mxhibibad B quailazely wel-agresd frend with the
puldshad resulls in Uha INaralure W hos bDean
drmonsirated e that a numenical model can be
uspd 0 pradct fow Sl and particle ranspod,
herts, assist n designing 60 EMS or nanometer-
sized aerosel paticie measwement For fare
sludy. 8n spanimenta validation i3 ko plarmed




[y 40 rem
[y 100 nm
(=] 1000 rem

Fig G CFD calculations of e parics Fajaciores
mside tha EMES
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