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retained in the reaction kettle. The relatively scattering at
400 nm was also low for PSL-8, which suggested that a less
significant portion of water-soluble material was generated
under these reaction conditions.

Conversely, it could be envisioned that, based on the
results from dual interactions described above, the combi-
nation of SS and buffer should result in very poor perform-
ing PSLs. These combinations are represented by PSL-1 and
PSL-12 for low and high KR620 concentrations, respec-
tively. Although both batches exhibited high fluorescent
emission values, both also exhibited very low % retention
values. Scattering at 400 nm was high in both cases indi-
cated a significant formation of soluble polymeric material.
Similar to what has been discussed before, the mean particle
diameter was smaller for PSL-12, relative to PSL-11, again
suggesting that, without introduction of components to
preferentially interact with the KR620, the dye disrupts the
polymerization reaction resulting in smaller particles.

To examine these multi-factor influences further, statisti-
cal analysis was performed on the collective data generated
in this work using the input parameters and response factors
described in Tables 2 and 3, respectively. Using the goals
identified in Table 3 as targets, an ideal surface was gener-
ated indicating the relative success of achieving a batch of
PSLs that possessed these properties. For example, if the
target mean particle diameter was 1 pm, but using the
constraints of the input parameters and interpolating results
from the response factors yields a solution whereby a
particle diameter of 0.75 pm would be achieved in order to
balance results for other response factors, the success criteria
would be less than 100%.

Polystyrene Microsphere Synthesis and Characterization-
Large Scale Experiments.

The ultimate goal was to identify reaction conditions
necessary, or most likely, to yield highly fluorescent par-
ticles that were approximately 1 pm in diameter and exhib-
ited nominal leaching of the dye into the suspension solu-
tion, water (Table 2). These conditions, once determined,
were utilized to synthesize a large batch (approximately 2 L
at 9 wt % solids) of KR620-doped PSLs for use in air flow
seeding experiments, described below. The synthetic proce-
dure for generation of PSLs of controlled diameter on this
scale included obtaining a large reaction kettle, fitted inside
a heating mantle, that was outfitted with a thermocouple,
mechanical stir paddle, a water-cooled condenser, and a
sparging tube. The kettle was charged with approximately 2
L of deionized water (250 mL, 18 MQ), freshly distilled
styrene (187 g), sodium bicarbonate (12 g), polyD (0.8 g),
KR620 (0.4 g), and styrene sulfonate (20 g). This solution
was heated to 70° C. and sparged with N, (400 scfm) for 45
min while being stirred at 150 RMP. Approximately 30 mL
of deionized water was placed in a beaker which was heated
to approximately 70° C. After sparging, the sparging tube
was replaced with a cold finger and the N, flow was diverted
through the thermocouple adapter at the same flow rate to
maintain an inert atmosphere over the reaction solution. The
stir rate was increased to 250 RPM, 1.6 g K,S,0, was added
to the 30 mL of heated water which was subsequently added
to the reaction kettle. The reaction was stirred for 21 hours,
cooled to ambient temperature, and poured through cheese-
cloth to remove large agglomerated polystyrene materials.

Based on the predicted resulted and calculated necessary
synthetic ingredients from the DOE analysis, a 2 L batch of
PSLs, at 9 weight % particles, was synthesized. Although the
resultant mean particle diameter was determined to be
0.868-0.305 pm, the particle size distribution appeared to be
bimodal with one distribution of PSLs centered around 0.6
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um and another distribution centered around 1.1 um. As
there is a significant mass difference in these two particle
distributions, a majority of the particle mass was represented
by the larger diameter distribution. As the airflow visualiza-
tion experiments will be insensitive to a majority of the PSLs
in the smaller diameter distribution, the standard deviation
of the detected particle size was significantly lower than
0.305 pm.

The flow and PIV instrumentation discussed above were
used for comparison of Mie scattering and fluorescence
imaging of the particles. The KR620-doped PSL particles
were seeded using two Air-o-Swiss 7146 ultrasonic humidi-
fiers. Seed was introduced well upstream of the nozzle exit
into the blower inlet, where it mixed with the air at room
temperature and flowed through a nozzle of 6 cm exit
diameter. Before each test, the KR620 particle solution was
mixed in equal proportions with distilled water and soni-
cated for fifteen minutes in an L&R Quantrex 90H ultrasonic
disruptor to prevent particle agglomeration. The mixture
was then removed from the disruptor and placed immedi-
ately into the vaporizer. The two camera setup was used to
image Mie scattered and fluorescent light simultaneously.
The second camera was placed on a 3-axis traverse and
3-axis camera mount so that it could be maneuvered to
image the same particles in the flow.

Additional tests were run with a single camera; the setup
remained the same, except for the removal of the second
camera. In these tests, the near-surface flow over a blunt
leading edge flat aluminum plate was measured. In the first
test, the plate was oriented parallel to the flow exiting the
nozzle and perpendicular to the incident laser sheet. In the
second test, the plate was oriented 45° to the incident laser
sheet but still parallel to the airflow. For these single-camera
tests, a set of 2000 double-frame fluorescent images was
obtained with the filter over the lens. Then, the filter was
quickly removed and another 2000 double-frame images
were recorded of the Mie-scattered signal.

For these tests, the lens aperture for the fluorescent
camera was set at f/, while the aperture for the Mie camera
was set at 1/22 due to the brighter signal. There was
considerable laser flare in the Mie-scattering image near the
plate surface. Additionally, reflections from other objects in
the test section appeared in the free stream flow, which
drastically reduced the signal to noise ratio (SNR) of the
images and impeded particle tracking. The use of fluorescent
particles with an optical filter completely eliminated this
laser flare. The plate surface was visible in the fluorescent
images due to a combination of Raman scattering off of the
aluminum and particles attached to the surface. However,
this signal was low and did not leak onto neighboring pixels
away from the plate surface, and therefore did not decrease
the SNR of the particles in the flow.

When the images were processed to obtain velocity
vectors, the differences were clear. The detrimental effects of
reflections and laser flare were clearly seen in the Mie
images, both in the free stream and near the surface of the
plate, where the velocities were erroneously calculated as
being greater than the velocities actually were (the velocities
are expected to approach zero at the wall). The fluorescent
data did not show such effects and gave an accurate mea-
surement of the flow in the free stream and near the surface.

Additionally, these tests demonstrated successful fluores-
cence imaging and PIV processing of the KR620 PSL
particles in an airflow over 30 m/s. Previous dye-doped PSL
particles have not been able to support fluorescent PIV in
airflows over 30 m/s. The tests demonstrated that dye-doped
PSL particles according to the various embodiments, such as
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