






































2 METHODOLOGY

2.1 Collection of particles

Aerosol particles generated by the atomizer were collected in a vertical
seitling chamber of dimensions 60 cm x 60 cm x 60 cm. The top of the chamber was
kept open and the ultrasonic alomizer was centrally positioned 60 cm from the bottom

of the chamber, as shown in Figure 1.

To minimize the airflow in the vicinity of the expeniments, the entire syvsiem
was placed inside a closed wind tunnel. Prior to the beginning of each experiment, a
fan was operated to generate airflow with a velocity of approximately 30 fpm for 15

minutes to purge any aerosol from the wind tunnel.

The three connections at the top of the atomizer attached to the liquid, air and
power supplics. The liguid flow was controlled using a Masterflex® L/s™
computerized drive pump (Cole-Parmer, Vemon Hill, IL). The calibration for this
pump is shown in Appendix B. The liqguid flow rate was set at 1.84 ml/min with a
standard deviation of 0.064 ml/min. Airflow was measured using a Dry Cal DC-Lite
Primary flow meter (BIOS, DCL-M Rev. 108, Butler, NI, Airflow was maintained

at 2 Ipm. The oscillator HF-power was set to the maximum,



Particles smaller than 5 um diameter were not considered for measurement.
The manufacturer’s data for water indicate that particles below 5 pm account for only
(.5% of tolal number and 0.001% of the total mass of particles generated by the
atomizer. Because of the small contribution to both mass and count, and our interest

in large sized particles, particles smaller than 5 pm were not measured for our study.

The sertling time of 15 minutes was selected 1o allow a 5 um particle to fall
tilem, the height of the chamber, The time required for particle settling is a function
of its settling velocity, Settling velocity for 5 pm parnticle was calculated using

Equation 3,
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where
Fiz = particle settling veloeity

M = wviscosily of air

[ = gravilational acceleration

2o = density of particle

Ce = Cunningham correction factor
d, = diameter of particle.

The experiment was conducted as follows. The atomizer was switched on
first, and was followed by the air and liguid supplies. The liquid flow was run for ten
seconds, as controlled by a timer. This run time was based on the generation of a

sufficient number of particles without overloading the sampling shides.







to a compater. Spatial calibration was made using automalic image processing
software, NIH Image (Rescarch Services Branch, 2003), and a stage micrometer.
Twenty fields were selected randomly and examined along the centerline of cach

slide. The total number of particles from each experiment ranged from 1377 to 2748,

NIH Image software was uscd to analyze the pictures. Images were enhanced
by using the density slice function. The diameter of each drop in the image field was

then measured. Particles touching edges were ignored in the analysis.

Thz flattencd diameter of sampled particles was converted to the actual
spherical drop diameter by using the measured spread factor for Inland-99 oil.
Measurement of spread Factor is presented in the next section. Data were aggregated

for cach experiment to determine the size distribution gencrated by the atomizer,

2.3 Measuremeni of the spread factor

Additional tests were conducted to determine the spread factor. Even with the
use of the oil spread retardant, droplets tended to flatten on the glass slides due to
interfacial forces. Therefore, the droplet diameter observed on the slide was zreater
than the diameter of the original airbome droplet. The ratio of the apparent droplet
diameter, 4, as measured on a microscope slide, to the true diameter of a spherical

drop, ;. 15 defined as the spread factor, B

p==r 4)
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3  RESULTS AND DISCUSSION

1.1 Analyses of the spread facior

Figure 3 and Figure 4 represent typical photographs of the side view of the oil
droplets that collected on the NYEBAR treated microscope shdes and polycarbonate
filters, respectively. Height and flattened diameter of these drops were measured to

get the spread factor.

Spread factor for slides and filters

The spread factor was measursd from 41 airbome particles with sizes fromn 23
to 120 um for both slides and filters. The mean value of the spread factor for Inland-
99 vacuum pump oil drops collected on NYEBAR type () solvent treated microscope
shdes was 1.31 with a standard deviation of 0.027, The mean value for Nuclepore®
polycarbonate filters was 1.31 with a standard deviation of 0.030. A t-test indicated

that the spread factor did not vary with the sample collection media (p = (L83},

Other research indicates this spread factor is likely 1o be the same for particles
smaller than what we could measurc. Lin and Pui (1982) found no apparent variation
in spread factors for 2 1o 50 um oleie acid droplets (surface tension = 32.3 dyne/cm)
callected on microscope slides using a similar fluorocarbon oleo phobic surfactant.

Carlton and Flynn (1997) found a constant spread factor (1.34) for 3-17 pm com o1l






spread factor was not a function of particle size for our test range. The results are

summanzed in Table 2.

1.2 Amalyses aof particle size distribution

Figure & represents a typical photograph of the vacuum pump oil droplets that
collected on the NYERAR treated microscope slides. Data from these images waere
aggregated for each of the three experimental runs to generate cumulative count size

distributions.

Diata for the three experimental runs were plotied on a log- probahility plot,
shown in Figure 9. Data for water aerosol as obtained from the manufacturer’s
manual was also included in the same graph. From the graph, it appears cach set of

data approximates a lognormal distribution.

The count mean diameter, count median diameter (CMD), geometric mean
diameter [GMDY) and geometnic standard deviation (GSD) were calculated. Similarly,

the (G5D was also determined from the graph by using the following relationship:

. 84.13% diameter  50%% diameter
¥ 50% diameter  15.87% diameter

()

From Table 3, it appears that the differences between the calculated GSD

values and those obtamed from the above relationship are less than 7%. Similarly, the
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differences between CMD and GMD values are less than 7%, which indicate that the

data approximate lognormal distributions.

Using Equation 2, the theoretical mean diameter for [nland-99 vacuum pump
oil aerosol was calculated as 23.16 pum. The average of count mean diameter from
three experimental runs was 25.12 pm with a standard deviation of 5.11 pm. Thus the
experimental mean value was higher than hat calculated using Equation 2. The
difference may be due 1o vanation in three experimental runs or the equation used is

not directly applicable to the Lechler's atomizer.

The variation in count median diamcters for the three experimental runs may
be attributed to the liguid flow variation ard atomizer start up variability. The small
variability associated with the hquid pump operation, as evidenced by the standard
deviation of 0.064 ml‘min, can affect the hquid flow rate. Vanation of the partucle
size distribution with liguid flow was not investigated. The aerosol was sampled
immediately after the atomizer was turmed on, and the run time was very shor, i.e., 10
seconds. Any sputtcning of the atomizer dunng the start up could have affected the
particle size distribution. More work is needed to address this issue. When the images
were analyzed, particles touching edges were neglected. The probability of large size
particles being neglected is more as compared to small particles. This may cause a

bias in size distribution.
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Figure 7. Regression line for spread factor of Inland-9% oil drops that were analyeed

3 days afler the sample collection on microscope slides.
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6  APPENDIX A: PRINCIPLES OF ULTRASONIC ATOMIZER

The following paragraph, written by Lothar Bendig of Lechler, GmbH, briefly

describes the principles of ultrasonic atomizers (TPS Inc., 2003).

*The atomization of liquics with Lechler's ultrazsonic nozzles is based on the effect of
producing capillary waves on the surface of a liquid on a vibrating surface. Contrary
to gravitational waves, like in the oceans where gravity causes the restoring forces, in
capillary waves the surfacs tension of the liquid is responsible for the development of
waves. These special waves occur in the range of a small wavelength and a high
frequency. That is why the surface tension has a significant influence on the
atomization characteristic of ulirasonic nozzles. During atomization, capillary waves
arc transformed into droplats by increasing the amplitude until the peak of the wave is
cul into a droplet. Each ofthese droplets then becomes parl of the spray. Since the

wavelength 1s a function of vibration frequency, the drople: size is determined by the

frequency, which means that a high vibration frequency of the ulirasonic nozzle leads
10 fine droplets and a low requency results in coarser droplets. The atomization

process has a limited efficiency, which depends mainly on the viscosity of the liqud™.
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