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Particle Beam Focusing Using Radiation Pressure
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Abstract

A novel technique for fine particle beam focusing under the atmospheric pressure is introduced using a
radiation pressure assisted aerodynamic lens. To introduce the radiation pressure in the aerodynamic focusing
system, a 25 mm plano-convex lens having 2.5 mm hole at its center is used as an orifice. The particle beam
width is measured for various laser power, particle size, and flow velocity. In addition, the effect of the laser
characteristics on the beam focusing is evaluated comparing an Ar-lon continuous wave laser and a pulsed
Nd-YAG laser. For the pure aerodynamic focusing system, the particle beam width was decreased as
increasing particle size and Reynolds number. For the particle diameter of 0.5 pum, the particle beam was
broken due to the secondary flow at Reynolds number of 694. Using the Ar-Ion CW laser, the particle beam
width becomes smaller than that of the pure aerodynamic focusing system about 16 %, 11.4 % and 9.6 % for
PSL particle size of 2.5 um, 1.0 um, and 0.5 pm respectively at the Reynolds number of 320. Particle beam
width was minimized around the laser power of 0.2 W. However, as increasing the laser power higher than 0.4
W, the particle beam width was increased a little and it approached almost a constant value which is still
smaller than that of the pure aerodynamic focusing system. The radiation pressure effect on the particle beam
width is intensified as Reynolds number decreases or particle size increases relatively. On the other hand,
using 30 Hz pulsed Nd-YAG laser, the effect of the radiation pressure on the particle beam width was not
distinct unlike Ar-Ion CW laser.
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Fig. 4 Values of the dimensionless factor Q for z
component, in the cases of the PSL particle
suspended in the water and in the air. Q has
different values for different incident angle.
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Fig. 6 Variation of the particle beam width as a function
of Reynolds number without radiation pressure.
Particle beam width gets smaller with increase
particle size and Reynolds number.
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Fig. 7 Particle beam width as a function of the power of

the Ar-Ion CW laser for particle size d, = 1.0 um.
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Fig. 8 Distortion of the laser beam intensity profile.
The original Gaussian intensity profile turns to
the distorted intensity profile.
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Fig. 9 Maximum reduction of the particle beam width
for particle size d, = 2.5 pm, 1.0 pm and 0.5 um
(Ar-Ion CW laser).
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Fig. 10 Variation of the particle beam width with
Reynolds number for laser power 0 W and 0.2
W (Ar-Ion CW laser).
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Fig. 11 Particle beam width variation with power of the
pulsed Nd-YAG laser. Particle size d,= 2.5 pm
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