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Coupled Analysis of Temperature Distribution in Laser Crystals Pumped
by Repetitive Pulses
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Abstract For the coupled effects of the fluid flow, convective-diffusive and transient thermal conduction happened
in the process of pumping and cooling, a flow-thermal-solid interaction model for calculating the temperature
distribution in the laser crystal has been established based on the coupled analysis of multi-physics fields. The
transient temperature distribution of a laser slab pumped by high-power repetitive pulses is obtained by using the
finite element method. The proposed method precludes the influence of the inaccurate film coefficient of the cooling
water on the calculation results. Therefore, for the purpose of reducing the thermal effects in the laser crystals. it
provides a new effective way to assess and improve the cooling process.
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Table 1 Thermal physical parameters of water

T ol ¥ 10
(kg/m®) [J/(kg+ CYJ[W/(m+"C)] [kg/(mes)]
20 998. 2 4183 0.599 10. 04
30 995.7 4174 0.618 8.015
40 992. 2 4174 0.635 6.533

£ 2 aifif Nd: YAG Sk (il 3 1 5 50
Table 2 Thermal physical parameters of copper
and Nd: YAG crystal

o/ ¢,/ k/

(kg/m*) [J/(kg-C)] [W/(m+C)]
Cu 8954 383.1 398
Nd: YAG 4560 590 14
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Fig. 2 Curves of the maximum temperature in laser slab

versus time under different velocities of cooling water
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Fig. 3 Temperature distributions of the laser slab at time of 1. 99025 s under different velocities of cooling water
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Fig. 4 Temperature distribution along different directions on the top surface during pumping process

(a) along the diameter in the flow direction; (b) along the radius vertical to the flow direction
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Fig. 5 Influence of air cooling on the temperature distribution on the top of the laser slab. (a) with air cooling;

(b) without air cooling
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