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Modeling and analysis of inner thermal effects in high energy laser system

HuPeng, Zhang Jianzhu, Zhang Feizhou
(Institute of Applied Physics and Computational Mathematics, Beijing 100088, China)

Abstract: This paper discusses the thermal effects of optical components and media gas in inner propagation of
high energy laser system, which is very important for the performance. The thermal aberration models of optical
components and media gas, the influencing factors, and the changing laws are introduced. For optical components,
some physical factors are emphatically analyzed, including absorptivity, characters of the materials, and laser spot
distributions. The results show that the level of thermal aberrations depends on the absorptivity, and spatio-temporal
characters depends on the material and the distribution of laser spot. For media gas, the variation of thermal
aberrations depend on switch of physical mechanism, heat conduction and heat convection for temperature increment,
and the law of time dependent thermal aberrations are studied carefully. Methods and measures of reducing thermal
effect are introduced for closed and opened system. The multi-physical module of a software named Easylaser is
introduced and is used to simulate the thermal effects of a laser inner propagation, including reflective mirrors, a
optical window, a spectroscope, and media gas. The results show that the aberrations between reflective mirrors and
the optical window, and between gas and the optical windows could be complementary. The characters of laser spot in
far-field are also simulated. All the results demonstrate that Easylaser can be used to simulate and analyse the thermal
effects in high power laser system.
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Table 1 Physical values of the glasses

material density/ heat capacity/ thermal conductivity/ Young’s Poisson thermal thermal optic
(kg'm™) J'K"kg™" (W-m K™ modulus/GPa ratio expansion/K ' coefficient/K !
Si 2329 695 153 190 0.26 4.68x107° -
Al,O4 3980 761.5 24 379 0.27 7.8%107 1.15x107°
SiO, 2200 753 1.4 73 0.17 0.42x10°° 1.10x10°°
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Fig. 2 Thermal aberrations of reflection and transmission for SiO, and Al,O3
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Fig. 4 Distribution of thermal aberration of SiO, under uniform and non-uniform laser irradiation
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Fig. 5 RMS of thermal aberration under uniform and non-uniform laser spot irradiation as a function of time
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Table 2 Physical values of the N,

density/(kg'm™)  specific heat capacity/ (J-K'-kg™)  thermal conductivity/(W-m™-K™)  dynamic viscosity/(uPa's)  refractive index

1.2506 1043 0.026 17.9 1.0002793
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Fig. 7 Thermal aberrations in a closed horizontal tube
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