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Analysis of heat transfer and thermal ablation of honeycomb sandwich
composite structure under laser irradiation

Yin Qianfeng,  Zhang Yongqiang, Zhang Li,  Chen Jiazheng, = Zhang Jialei
(Institute of Fluid Physics, CAEP, Mianyang 621900, China)

Abstract: Combined with the heat transfer mechanism of honeycomb structure and the ablation mechanism of
composites, the thermal response of honeycomb sandwich composite structure under laser irradiation was studied. For
typical honeycomb cells, a theoretical microstructure model of thermal conduction and ablation is established. Based
on the finite element software thermal analysis module and secondary development program, a high temperature heat
transfer numerical model of honeycomb sandwich structure was constructed, taking into account the nonlinear changes
of thermal physical parameters, resin pyrolysis and fiber ablation process. Using continuous laser as the loading heat
source, the thermal ablation experiments of honeycomb structure in atmospheric environment were designed and
carried out, and the dynamic ablation characteristics of honeycomb structure were obtained. The results show that the
honeycomb sandwich composite structure has good ablation resistance when the laser power density is 10> W/cm?; The
numerical model can accurately simulate the temperature field and the ablation of resin and fiber in the process of laser
loading the honeycomb structure, and can obtain comparatively real ablation morphology.
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Fig. 4 Temperature field variation of the irradiated surface of honeycomb structure at different time
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Table 1 Thermophysical parameters of CFRP components

parameter value

thermal conductivity of fiber/(W-m™-K™) 30
density of fiber/(kg-m™) 1760

specific heat capacity of fiber/(J-kg"-K™") 956

thermal conductivity of resin/(W-m 'K ™) 0.5
density of resin/(kg-m) 1200
specific heat capacity of resin/(J-kg " K™") 1690

thermal conductivity of char/(W-m™'-K™) 5

density of char/(kg'm) 1300
specific heat capacity of char/(J-kg™'-K™) 1589
thermal conductivity of gas (CO,) /(W-m™"-K™) 0.025
density of gas (CO,) /(kg'm™) 1.997

heat capacity at constant pressure for gas (CO,) /(J-kg 'K ") 720
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Fig. 6 Temperature field variation of irradiated surface of numerical simulation model at different time
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Fig. 9 Variation of resin pyrolysis region in honeycomb structure at different time
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