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Objectives and outline

Developing a new instrument to classify aerosol
particles according to the aerodynamic diameter.

Outline:

1. Two non-diffusion models
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Two diffusion models
Validation Experiments

Application: Mass, shape factor and effective
density of soot particles using tandem AAC-DMA.
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* Two co-axial cylinders rotating at the same rotational
speed

* Classify different particle size by changing the rotational
speed w



T Advantages

— Classification Without Charging the Particles

AAC gives a truly monodisperse size

(DMA, CPMA or APM may classify larger particles with two
or more charges)

— Classifies particle based on Aerodynamic diameter
Cascade impactors make a cut off

APS measures the particle size based on Aerodynamic
diameter



Non-diffusion Models

Wang and Flagan (1990) for DMA

Knutson and Whitby (1975) for DMA
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Transfer Function
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Diffusion models

Solving Convective Diffusion equation applying BC

Similar to J. Olfert (2005) for CPMA

Diffusion spreads particles in a Gaussian profile about the
corresponding non-diffusing particle streamline

Similar to Stolzenburg (1988) for DMA
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Effect of density
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Stokes-Einstein equation (D=kTB)
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A/ Exhaust Flow

s
Property Value
7> (mm) 45
71 (mm) 43
L (mm) 210 Sheath Fl% | Sample Fow
QO (L/min) 3 - s
O, (L/min) 0.3 Aerosol Flow_l)/_’ -
O, (L/min) 0.3 77 7
Temperature (°C) 20
Pressure (atm) 1 )

For more details please see:

An Instrument for the Classification of Aerosols by Particle Relaxation Time:
Theoretical Models of the Aerodynamic Aerosol Classifier,

Aerosol Science and Technology (2013)

F. Tavakoli & J. S. Olfert

DOI:10.1080/02786826.2013.80276
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Flow diagram
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Setup Il - DOS
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Effective length

(correction for the transfer function location)

The aerodynamic
diameter classified by
AAC is consistently
larger than the expected
value. The data are quite
linear, so we can use a
linear correction

(1.5% shorter length)
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Setup Il & IV
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AAC efficiency
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Applications

Soot particle from a inverted burner
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" Soot particle from a inverted burner

Mass-mobility exponent
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Conclusion

* AAC classifies particles by their aerodynamic
diameter effectively

* Experimental results agree well with theory

e Combination of AAC and DMA can be used to
calculate other properties such as mass,
effective density, and shape factor.

24



e )

Tnzink oul

Quiestians/Carnmenits?

CAMBUSTION AL BRERTA



