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Abstract

ln this study, a numerical computational model for prediction of fluid flow and aerosol particle

transporl in a long column electrical mobility spectrometer (EMS) has been devbloped The internal three-

dimensional (3D) structure of an EMS (lntra and Tippayawong, Korean J' Chem' Eng'' 26(1)' 269 (2009))

was employed to simulate the complex flow patterns and aerosol particle trajectories in the EIVS'

including the swirling flow that develops near the sheath air inlet slit' The incompressible Navier-stokes

equation is numerically calculated for the gas flow and particle trajectories, with a commercial

computational fluid dynamics (cFD) software package, FLUENT 6.3, using a finite volume method' The

calculated results agreed with the previous published results in the literature. Prediction of fluid flow and

aerosol particle transport were also particularly useful in the EMS design.
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1. lntroduction

A long column electrical mobilitY

spectrometer (E[VS) is one of the most commonly

used instruments for the measurement of aerosol

particle size distribution in the nanometer-sized

range based on their electrical mobility technique.

The most widely used EMS is based on the

design developed by lvlirme I1] lntra and

Tippayawong [2] offers reviews of the recent

developnrent of this technique.
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A typical setup of a general EMS consists

of two concentric electrodes between which a

potential is applied. There are two streams;

polydisperse aerosol and sheath air flows. The

inner electrode of the spectrometer is maintained

at a DC high voltage while the outer chassis of

the spectrometer is grounded. The charged

particles enter the spectrometer column close to

the inner electrode by a continuous flow of air,

and surrounded by a sheath air flow, Since the
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used in this study [9] Outer chassis is made of a

48'1 mm Iong aluminum tube with an internal

diameter of 55 mm lnner electrode is made of a

25 mm in diameter stainless steel rod Width of

the aerosol inlet channel is 2 mm The shealh-atr

flow entered with a swirl component and then

flowed through a 0'1 mm thick Teflon mesh to

ensure the flow was laminar' The 22 electrometer

rings used result in the classification of every

measured aerosol into 22 mobility ranges' The

electrometer rings have a width of 19 mm The

first electrometer ring is located 20 mm

downstream the aerosol inlet, while a 1 mm gap

is allowed between the electrometer rings for

electrical isolation. 
^c,osor

inner electrode is kept at a high voltage' the

charged particles are deflected outward radially'

They are collected on a series of electrically

isolated electrometer rings positioned at the inner

surface of the outer chassis of the spectrometer

column. Virtual ground potential input of highly

sensitive electrometers are connected to these

electrometer rings to measure currents

corresponding to the number concentration of

particles in a given mobility which is in turn

related to the particle size distribution' Resolution

of the instrument is determined mainly by the

number and width of the electrometer rings The

size range of particle collected on the

electrometer rings can be varied by ad.iusting the

aerosol and sheath air flow rates, the voltage

applied to the inner electrode, and the operating

pressure.

It is well known that fluid flow and particle

transporl inside the EN/S are important factor

influencing accurate particle size distribution

measurements. Fluid flow and parlicle transport

inside the EI',4S has recently been studied by

many people t3 - 8l To our knowledge, the issue

of a 3D simulation of fluid flow and particle

transport in the long EIMS has not been

extensively studied in literature. ln this paper, a

3D computational model for prediction of fluid flow

and aerosol particle transport inside a long EIVS

developed at Chiang l\4ai University was

developed and studied. A detailed description of

the operating pnnciple of the EMS is also

presented.

2. Description of a Long EMS

The EI\,'IS has one long column,

consisting of coaxially cylindrical electrodes. Fig.

1 shows a schematic diagram of the long Elt/S
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Fig. 1 Schematic diagram of the long EMS [1]
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3. PhYsical Modelling

Gas flow and Particles motion are

numerically modeled and solved to estimate the

particle transPort in an ElvlS.

3.1 Gas continuitY

The gas flow is considered the main

phase and its motion is described by the

continuity and the momentum equations, known

as the Navier-Stokes equations

f,o"rt=o
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4. ComPutational Modelling

4.1 Method of solution

Fluid flow and particle tra.iectories in an

internal 3D structure of an El\4S are calculated by

the commercial CFD package, FLUENT 6 3,

using a finite volume method for the

incompressible Navier-stokes equation in 3D

cylindrical coordinates.. The solution domain is

divided into a number of cells known as control

volumes. ln the finite volume approach of

FLUENT 6.3, the governing equations for the gas

flow and the particles motion are numerically

integrated over each of these computational cells

or control volumes"

4.2 Boundary conditions

The computational domain of the EMS is

shown in Fig. 2. The model EMS consists of the

aerosol and sheath air inlets, and outlet

boundaries. As shown in the Fig' 2, no slip

boundary is applied to all the solid walls included

in the computation domain and fixed velocity

boundary conditions w6re applied to the aerosol

and sheath air flow inlets, The velocities at each

inlet were calculated from the flow rates through

these slits. Uniform velocity profile is assumed at

the sheath and aerosol inlet across the cross

section of the inlet tubes. Boundary conditions

used in this calculation are $ummaries in Table 1'

4.3 Gomputational mesh

Fig. 3 shows a computational mesh used

for the fluid flow and particle transport simulations,

Finer grids are used in the region close to the

aerosol entrance and where the velocity gradient

is expected to be large. An unstructured mesh is

used. A total of about 869,401 meshes are

distributed in computational domain of internal

flows in the EMS.

(1)

where p is the gas density, and ir, is the gas

velocity component in the -r* direction.

3.2 Gas momentum

_cp
ix

+ 1,, (2)

where 7r is the mass density of the gas, I is the

gas velocity, 1z is the gas molecular dynamic

viscosity, 1,, is the aerodynamic drag force, and

p is the gas pressure.

3.3 Particles motion

Aerosol particles are accelerated by the

aerodynamic drag. When collision and

coagutation between particles can be neglected'

the equation of the particle motion is expressed

AS:

ot- 
- .r,i (3)

,Jt

dv, l"
" tlt C,,

where rr., is the particle mass, 1/i is the particle

velocity, C' is the Cunningham correction factor,

and 11,, is the Particle diameter.
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conditions for numerical
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Table 1 BoundarY

calculation

Air velocitY at aerosol inlet

Air velocitY at sheath air inlet

Air velocitY at outlet

a, = 0.0 m/s

u. = 0.0 m/s

i.r, = 0.106 m/s

L.r, = 7.43 mls

x, = 0.0 m/s

r.r- = 0.0 m/s

MASS

conservation

no sliP

no sliP

no sliP

lnner electrode

Electrometer rings

lnsulator rings

(a) Total view

(b) Cross section view
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Fig. 2 Computational domain of the EIVS Fig. 3 Computational mesh of the EMS
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5. Results and Discussion

The oPerating gas was ambient air
3

(density is 1.225 kg/m" and viscosity is 1 7894 x

10-t kg/mis;, while particle diameter is 10 - 1000

nm. Fig. 4 shows the CFD calculations of the fluid

flow vetocity ln the EI\,4S. The high towards low

intensity regions were indicated by red, yellow,

green to blue, respectively. Fig. 4(b) shows the

detailed flow matching condition around the

aerosol and sheath air inlets, Nonuniform flow

velocity distribution was found near the aerosol

and sheath air inlet boundaries. ln general, the

flow profile becomes fully developed at a few

hydraulic diameters downstream from the aerosol

inlet, while negligible disturbances occur at the

point where the two flows (aerosol and sheath air)

merge. Fig. 4(c) shows the detailed flow velocity

around the excess air outlet. lt can be seen that

the highest flow velocity was found in the excess

air outlet, located in the bottom left corner side of

the model. Flow simulation results showed similar

trend to those by the previous published results in

the literature [3 - 8].

Fig 5 shows CFD calculation results of

the nrassless particle trajectories inside the EIVS'

The massless particles enter from aerosol and

sheath air inlets to excess air outlet Fig. 5(b) and

5(c) shows trajectories of massless particles

around the aerosol and sheath air inlet, and

excess air outlet. The uniform distribution of

particles was found at downstream from the

aerosol and sheath air inlet. lt was also shown

that the nonuniformity of parlicle circumferential

distribution that exists near the aerosol and

sheath air inlets and excess air outlet is caused

by a nonuniform gas velocity distribution in the

vicinity of the aerosol and sheath air inlets.

TSF

(a) Total view

mrlii iii#,::W

(b) The regions close to aerosol and sheath air

in lets

Wfii;ii '#,M

(c) The regions close to excess air outlet

Fig. 4 CFD calculations of the fluid flow velocity

inside the EIVS
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(c) The regions close to excess air outlet

Fig. 5 CFD calculations of the massless particle

trajectories inside the EMS
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With regards to sizing ultrafine aerosol

parlicles of diameter smaller than a few tens of

nm, Brownian diffusion motion becomes important

[9]. Since the aerosol is entered into the EMS

column through a narrow annular slit' the EMS

transmission efficiency drops significantly for

particles below 10 nm due to diffusion losses in

the annulus and other flow passages' Further'

long residence time in the EMS column region

results in substantial Brownian diffusion

broadening of the transfer function for nanometer-

sized particles. Fig. 6 shows particle trajectories

in the EMS with taking into account the Brownian

diffusion effect for particle diameters of 10, 100'

and 1000 nm. lt was shown that smaller particles

were found to exhibit higher Brownran diffusive

motion than the larger particles' lt is apparent that

Brownian diffusion significantly affects particle

trajectories when the diameter is smaller than 10

nm [9, 10]. CFD results also showed similar with

the previous work [9].

6. Conclusions

A 3D numerical model was developed for

the description of fluid flow and aerosol particle

transport inside the long EMS. The model was

developed with the commercial CFD package'

FLUENT 6.3. The model was extensively applied

to 3D geometry provided with detail: (a) the gas

flow field and (b) particle trajectories. lt was

shown that the numerical simulation results

exhibited a qualitatively well-agreed trend with the

published results in the literature, lt has been

demonstrated here that a numerical model can be

used to predict flow field and particle transport,

hence, assist in designihg an EMS for nanometer-

sized aerosol particle measurement. For future

study, an experimental validation is also planned'
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(a) Total view

inlets

(b) The regions close to aerosol and sheath air
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(a) 10 nm

(b) '100 nm

(c) 1000 nm

Fig. 6 CFD calculations of the particle trajectories

inside the EMS
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