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Numerical Simulation of the Laser-Generated Ultrasound at the
Fluid-Solid Interface by Finite Element Method

Xu Chenguang Xu Boqgiang Xu Guidong Wang Hao Zhang Ziguo

(School of Science . Jiangsu University . Zhenjiang, Jiangsw 212013, China)

Abstract A numerical model based on the theory of fluid-structure interaction is developed by finite element method
to simulate the laser thermo-elastic generation and propagation of interface waves at the fluid-solid interface. The
propagation characteristics of leaky-Rayleigh wave, Scholte wave and lateral wave are analyzed, and the numerical
solution of full wave field is obtained. Furthermore, the effect of different fluid media on the waveform of interface
waves is discussed. The results show that various modes of fluid-solid interface waveform are excited simultaneously
by pulsed line source, with the waveform significantly affected by the material parameters of liquid media. The
numerical simulation establishes a quantitative relation between the laser parameters, the material parameters and the
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corresponding waveform.
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Table 1 Thermophysical parameters and acoustic parameters of aluminum, water and air (T=300 K)

) Thermal Thermal Bulk thermal Velocity of Velocity of
Medium Denslt}:g capacity conductivity expansion coefficient longitudinal bulk transverse bulk
/(kg e m™ J(Jekgt e K™) /(Wem™' « K™ /(Q0*K™) wave /(10° m/s)  wave /(10° m/s)
Aluminum 2700 900 160 0. 069 6. 26 3.08
Water 1000 4180 0.613 0. 207 1.5
Air 1.21 1005 0.0261 37.2 0.343
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Fig. 3 Pressure waveform at the water-aluminum interface with source-receiver distances(a)5 mm, (b)10 mm,

(c)15 mm, (d)20 mm, respectively
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interface; (¢) waveform of vertical displacement at the water-aluminum interface; (d) waveform of pressure at the

water-aluminum interface (X=5 mm)
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