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Computation and analysis on scattering characteristics of single

nonspherical particles of atmospheric haze by T matrix algorithm

Xu Qiang, Wang Dongqgin, Wang Xu, Wu Zhensen
(School of Physics and Optoelectronic Engineering, Xidian University, Xi'an 710071, China)

Abstract: Scattering characteristics of atmospheric haze particles, main ingredients particles of PM2.5
were studied, ammonium sulfate and carbonaceous aerosol particles were taken as typical example. By the
T matrix algorithm, the non-—spherical particles of ammonium sulfate and carbonaceous aerosol particles
were analyzed, including the ellipsoid particles (major to minor axis ratio, a/b=1/2,1/3,2/1), cylindrical
particles (diameter to length ratio, D/L =1/2,1/3,1/1,2/1) and chebyshev particles (polynomial n =2,
deformation parameter £=-0.1,0.1). Corresponding scattering, absorption and extinction efficiency factor
changing with the shape and the size parameter were given. Study results show that, for ammonium
sulfate particles, if size parameter was less than 1, efficiency factor tendencies of different shape particles
were similar, if size parameter was greater than 1, scattering and extinction efficiency factor increased
with the size parameter and then decreased with oscillation, and absorption of ammonium sulfate particles

were weak. For carbonaceous aerosol particles, if size parameter was less than 2, efficiency factor
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tendencies of different shape particles were similar, if size parameter was greater than 2, efficiency factor

increased with the size parameter and soon decreased slowly and smoothly, and carbonaceous aerosol

particles had strong absorption of light. The analyzing results can be used for optical monitoring and detection

of haze particle,improve the ability of science and technology supported environmental pollution prevention.
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Fig.1 Extinction efficiency factor changes with the size parameter of ammonium sulfate particles with different shapes

6 6
——Sphere ——Sphere
| ——1/2 L ——1/2
3 1/3 3
4 =\ 21 4
- N .
o 3 A";. \ aAA o--‘.___’__ 3
) “a
2t re _-” 2t
A
1 1
0 2 4 6 8§ 10 12 14 0 2 4 6 8§ 10 12 14
Size parameter Size parameter
(a) MHERIE R+ (b) BIH:IE KL
(a) Ellipsoid particle (b) Cylindrical particle

2 4 6 8 10 12 14

Size parameter

(c) VILERILHLT
(c) Chebyshev particle

——Sphere
—n=2,=-0.1
e p=2,6=0.1

P 2 R RAR B Bk T 10 U RO B 7 BIR 5 B0 A

Fig.2 Scattering efficiency factor changes with the size parameter of ammonium sulfate particles with different shapes
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Fig.3 Absorption efficiency factor changes with the size parameter of ammonium sulfate particles with different shapes
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Fig.4 Extinction efficiency factor changes with the size parameter of carbonaceous aerosol particles with different shapes
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Fig.5 Scattering efficiency factor changes with the size parameter of carbonaceous aerosol particles with different shapes
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Fig.6 Absorption efficiency factor changes with the size parameter of carbonaceous aerosol particles with different shapes
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