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Calculation for the number concentration of dust aerosol particles

and characteristics of laser transmission
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Abstract: The number concentration of dust aerosol particles is hard to be directly measured, but it is
one of the most important factors affecting the laser transmission characteristics. Based on the mass
concentration of dust aerosol particles, using the size distribution of particles, the formula for calculating
the number concentration of particles was deduced. Under the condition of sand and dust, the transmission
characteristics of laser was studied by using Mie theory and Monte Carlo method, the relationship of the
transmission attenuation and transmittance with wavelength and the mass concentration were analyzed,
curve of visibility along with particle mass concentration was given, and the calculation results of Mie
theory and Monte Carlo method were compared. The results show that, in the choice of several
wavelengths, the transmission attenuation is minimum when wavelength is 10.6 um (about 58% of that in

the 1.06 wm), with the increase of mass concentration, the visibility decreased rapidly and then decreased
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slowly, whose trend is near hyperbolic curve. The method, basing on the mass concentration of particles

(this parameter can be measured directly), can calculate the laser transmission characteristics of dust

aerosol, which has very important theoretical significance in practical application.
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Tab.1 Particle size distribution and mass concentration of dust aerosol particles

Particle size range/pm <0.43 ~0.65 ~1.1 ~2.1 ~3.3 ~4.7 ~5.8 ~9.0 >9.0
Mass concentration/pg - m™ 32.3 26.1 33.1 68.3 69.0 51.7 30.0 37.0 58.3
WhﬂGMMOﬁD%DMD f%ﬁﬁ%¢ﬁﬁﬁ%%oﬁﬁﬁ%ﬁﬁﬁﬁﬁjwﬂ
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Tab.2 Particle size distribution and concentration of dust aerosol particles

Particle size

<0.43 ~0.65 ~1.1 ~2.1
range/m

~3.3 ~4.7 ~5.8 ~9.0 >9.0

Total

Mass
concentration  32.3 26.1 33.1 68.3
/ng-m™

Particle number

209.0x10" 58.0x10"  18.4x10"  12.5x107

concentration/m?

Particle number

concentration  58.5% 16.2% 5.1% 3.5%

percentage

69.0 51.7 30.0 37.0 58.3

12.6x107

3.5%

406.6

12.5x10"  14.6x10°  19.8x10"  0.3x107 357.7

3.5% 4.1% 5.5% 0.1% 100%
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Fig.1 Particle size distribution of dust aerosol particles
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Tab.3 Refraction ratio of dust aerosol particles

A pm 0.200 0.250

0.400 0.633 0.860 1.060 10.600
Refraction ratio 1.53+0.07i 1.53+0.03i 1.53+0.008; 1.534+0.008i 1.53+0.008i 1.53+0.008i 1.62+0.12i
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Fig.2 Variation curve of transmission attenuation and transmissivity

with wavelength
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Fig.6 Variation curve of visibility with particle mass concentration
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