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Study of Drop Measurement Based on Gaussian Beam Scattering
in the Primary Rainbow Region

SUN Hui', YU Hai-tao*, SHEN Jian-qi®
(College of Science s University of Shanghai for Science and Technology . Shanghai 200093, China)

Abstract: For the measurement of a single drop in spray, the Debye series for scattering of a Gaussian
beam by a spherical drop is used to study the light intensity distribution in the primary rainbow region and
the influence of the Gaussian beam on the peak position of the intensity distribution. According to the
intensity distribution calculated by the Debye series, the refractive index and size of drop are inversed,
which prove that the Gaussian beam scattering could be used for drop measurements. And then,
generalized Lorenz-Mie theory is used to compute the total light intensity which is used to inverse the
refractive index and size of drop. And the influence of Gaussian beam position on the inversion of drop
information is also investigated. For a Gaussian beam centered on the Descartes ray position, the absolute
error of the refractive index is smaller than 2.38 X 10 ' and the absolute value of relative error of drop
radius is smaller than 3.13% for drops with a radius between 200 and 1 000 pum. Compared with the
rainbow technique using parallel beam, it possible to obtain a measurement area with high intensity and
appropriate volume by using Gaussian beam. Therefore, the simultaneous occurrence of many drops in
measurement area can be effectively avoided. And we could reduce the influence of multiple scattering
between drops and increase the signal intensity.
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Table 1 The computed results for droplet illuminated by Gaussian beam located at the center of Descartes rays
Beam-waist Droplet Inversed Absolute error of Inversed droplet Relative error of
radius/pm Radius/pm refractive index the refractive index radius/pm the droplet radius/ %
50 1.329 774 —0.000 226 50.954 0 1.91
40 1 000 1.329 155 —0.000 845 776.687 3 —22.3
50 1.329 824 —0.000 126 51.168 5 2.32
80 1 000 1.329 781 —0.000 219 943.661 9 —5.63
50 1.329 824 —0.000 126 51.168 5 2.32
100 1 000 1.329 880 —0.000 12 972.417 1 —2.76
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