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INTRODUCTION

The effects of airborne electric charge carried either on small ions or on aerosol particles has been of interest to meteorologists for a long time. More recently this subject has interested the medical profession because of the possible health effects of airborne charge. Aerosol technologists also have an interest in aerosol charge because of its effect on aerosol deposition, on air cleaner efficiency, and on the general behavior of aerosols.

Natural concentrations of ions and charged aerosol particles are on the order of a few hundred to a few thousand per cubic centimeter. At these low concentrations the effects of the electrical charge are usually negligible, but at the higher concentrations encountered when generating artificial aerosols or downstream of electrical air‑cleaning systems, the net space charge may cause high charge concentration gradients, strong electric fields, and significant precipitation of ions and aerosols.

The physical behavior of uniform clouds of charged ions or particles was originally studied by Townsend (1), and later by Fuks and Petryanov (2), Wilson (3), Foster (4), Dunskii and Kitaev (5), and Pich (6). These workers concerned themselves principally with the case where the charge concentration was uniform throughout a space. However, the assumption of uniform charge concentration is not valid when ions are produced continuously in a space by concentrated ion sources‑a case potentially of more technological importance.

To provide a background for the presentation of the results obtained in the present study the previous work is briefly reviewed below.



SUMMARY AND CONCLUSIONS

Results of experimental and theoretical studies were presented for the decay of aerosols in the presence of a continuous source of ions. The test aerosols used in the experimental studies were natural atmospheric contamination and generated aerosols. The generated aerosols were solid, spherical, monodispersed, and initially electrically neutral. These aerosols were generated and tested in sizes varying from a mass median diameter of 0.028 to 3.6 m having a geometrical standard deviation of 1.1 to 1.67.

The aerosol decay experiments were conducted in a 2000 cubic foot rectangular room with a point source of unipolar ions located at the center of the room. Particle charge and concentration measurements were made and data were presented for three types of unipolar ion sources: a sonic‑jet ion generator, a free‑needle, and a commercial ionizer. Ions of both polarity were studied while the free ion current varied from 0.1 to 3.6A. The electrical charge measured on the particles was somewhat greater for the particles exposed to negative ions than for those exposed to positive ions. The charge measured on the particles with Dp < 1m and exposed to an ion output of at least 2.7A showed good agreement with White's diffusion charging equation for Nt = 107. Charge on particles where Dp > 1m  was slightly less than that predicted by White's equation.

The experimental half‑lives of the decaying aerosols ranged from a minimum of 5.5 minutes for the free‑needle and a particle size of 0.26m mmd to a maximum of 58 minutes for a commercial ionizer and a particle Size of 0.26m mmd. The performance of the sonic jet ionizer was intermediate between these two extremes. These results indicate that a continuous source of ions located in a space can precipitate a significant quantity of aerosol, and in some conditions it may be an effective means of air cleaning.

The experimental half‑lives of the decaying aerosols were compared with values predicted by theory. Generally good agreements between theory and data were obtained for the sonic jet ionizer. The differences between theory and data for the free‑needle and the commercial ionizer were due to the fact that the experimental conditions did not approximate those assumed in the theory.

             NOMENCLATURE

C =    Cunningham correction, dimensionless.

Dp=   particle diameter, cm.

E =   electric field, statvolt/cm

E,,=  electric field at surface of wall enclosing space, statvolt/eni.

n  =   ion concentration, number/cm.'.

n0=    initial ion concentration, number/cm.3.
np=      particle concentration, number/cm

Np0=    initial particle concentration, number/cm.'.

q =      electron charge, 4.80 X 10‑'o stat coul.

Qp=    charge on particle, stat coul.

Q =    ion generation rate, statamperes

r  =    radius, cm.

rw  =   room radius, cm.

t   =    time, seconds.

t1/2=    half‑life, seconds.

v   =    ion velocity, cm./see.

V  =    potential, statvolts.

Z  =    ion mobility, cm2 /statvolt‑sec.

Zp =    particle mobility, cm2/statvolt‑sec.

g =    fluid viscosity, poise.
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discussion

 T. GILLESPIE ( Dow Chemical Company, Midland, Michigan): Did you observe the

large scale movements observed by Whytlaw Gray in his pioneer work on unipolar smokes?

        K. T. WHITBY   No. This may be due to the fact that we worked with spherical parti-

      cles and that we had forced circulation in the aerosol chamber. The measurements of

 aerosol concentration along a room radius showed no variation with radius within

the accuracy of the measurements.

