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ABSTRACT

The main objective of this work is to develop a prototype of an instrument capable of
measuring aerosol size distribution in the sub-micrometer size range using electrical mobility
technique. In this work, an electrical mobility spectrometer (EMS) was designed, constructed
and tested. The EMS consists of a size selective inlet, an aerosol charger, an electrostatic
classifier, a signal detection system, a flow arrangement system and a computer controlled
interface system. Particle charging is accomplished by exposing aerosol sample to the cloud
of unipolar corona ions, and then charged via ion-particle collisions. The charged aerosol
passes into the electrostatic classifier, configured as coaxially cylindrical electrodes. There are
two separate streams, aerosol and sheath air flows. The charged acrosols enter the classifier
column close to the inner electrode by a continuous flow of air, surrounded by a sheath air
flow. Because the inner electrode is kept at a positive voltage, the charged particles are then
deflected outward radially according to the electrical mobility and they are collected on a
series of electrically isolated electrometer rings along the outer wall of the classifier.
Electrometers connected to these electrode rings measure currents corresponding to the
number concentration of particles of a given mobility which is related to the particle size.
Finally, signal currents are then recorded and processed by a data acquisition system.

The theoretical work of this thesis includes modeling of the performance of the unipolar
corona charger, size classification column and electrometer detection separately, The
electrostatic properties in terms of voltage-current relationships of both needle and wire-
cylinder corona chargers were compared and discussed for positive and negative coronas in
the charging zone. Experimental investigation of the voltage-current characteristics of both
chargers was compared with theoretical prediction. Results were used to characterize the
electrostatic properties of both chargers. A semi-empirical method to calculate ijon
concentrations in the aerosol charger based on the ion current measurements was presented.
Numerical models were successfully developed to investigate flow and electric field patterns
in the charging zone of the charger. Analytical and numerical models were developed to
predict the particle trajectories along the classification column, mobility and size
classification ranges of the column, and to investigate flow and electric field patterns inside



the EMS classifier. Finally, analytical model was developed to calculate the output voltage of
the electrometer circuit.

A number of experiments were conducted to evaluate the performance of the EMS
prototype. These experiments include experimental investigation of the charger, the size
classification column and the electrometer detection separately. The combustion aerosol
generator was used to generate a polydisperse carbonaceous diffusion flame aerosol in this
investigation. Experiments with the charger were conducted to measure its ion concentration
and charging efficiency. Results from mathematical model were in agreement with those from
experimental investigation of the charger. It was shown that the space charge was significant
and must be taken into account at high ion number concentration and low flow rate.
Additionally, significant particle loss was evident for particles smaller than 20 nm in diameter
where their electrical mobility was high. Increase in charging efficiency may be achieved by
introducing surrounding sheath flow and applying AC high voltage. Experimental
characterization of the classifier was validated using the scanning electron microscope (SEM).
Size determination from the EMS classifier was compared with that obtained from SEM
analysis and good agreement was found from the comparison. Signal current from the
detector was also analyzed to give number concentration of particles. Experimental results
obtained agreed well with the theoretical predictions. It was shown that the EMS was capable
of measuring aerosol size distribution in the size range approximately 50 — 600 nanometers.
The proposed model proved to be useful in designing the detector and testing of a prototype
of the detector showed promising results for aerosol size measurement. Finally, the overall
performance of the electrometer circuit was calibrated with a high impedance current source,
and compared with a commercial electrometer, Keithley model 6517A. Experimental results
were found to be in good agreement with theoretical predictions.
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