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Influence of boundary condition and pump scheme on thermal

effects of laser crystal

Meng Peibei, Yan Fanjiang, Li Xu, Zheng Yongchao
(Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China)

Abstract: The crystal’ s thermal effects under different thermal boundary and pump structure were
reported. In theory, based on operating characters of space laser, a thermal model satisfying crystal
working state was set up. The temperature distribution of Nd:YAG crystal was simulated for diode laser
with Gaussian beam distribution side pumped laser, and the influence of thermal boundary condition, pump
manner and pump parameters on thermal distribution was analyzed. With assumption that the thermal lens
of crystal was thin lens, the thermal focal length was calculated theoretically and measured experimentally.
With five—side annular pump structure, pump power of 4500 W and pump repetition frequency of 10 Hz,
the thermal focal length of Nd:YAG was about 9.5 m. Experimental results are in basic agreement with
the simulated results.
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Fig.1 Spatial relationship of pump light and laser rod
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Tab.1 Parameters for simulation™

Parameter Value
Rod radius(r,) 3 mm
Density (p) 4.56 g/cm?
Specific heat capacity(c,) 0.59J/(g-K)
Heat conversion coefficient(n) 0.3
Pump transmissivity (7,) 0.9
Thermal conductivity (k) 10.458 W-m™-K"!
Refractive index (n,) 1.82
Photoelastic coefficient(C, ¢) 0.016 5
Temperature coefficient of the refractive 7 3%10-0 K-

index (dn/dT)
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Continued Tab.1
Parameter Value
Thermal expansion coefficient( o) 7.5%10°K™!
Pump wavelength(A,) 808 nm
Absorption coefficient (o) 3cm™!
Boundary temperature(7}) 300 K
Pump frequency(f,) 2 Hz
Pump pulse width(r) 220 ps
Pump divergence(6,) 40°(fast axis)

3(five side—pump)/5(three side—
pump)/1(hemihedral pump)

100 W
0.6 mm(five side—pump)/

Bar number per direction(N)

Output power per bar(P,)

Pump beam waist(w,) 1 mm(three side—pump)/
0.2 mm (hemihedral pump)
Length of bar(L,)

Distance between LD and rod’ s center(r,)

10 mm

3.5 mm
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Tab.2 Effect of w,,0,,r, and a on T, and AT,

0,/(°) rJ/mm a/em™  w,y/mm T/ K AT,../K
40 3.5 3 0.5 300.564 9 0.557 3
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40 3.5 3 1 300.390 5 0.383 0
10 3.5 3 0.6 300.754 7 0.754 3
40 4.5 3 0.6 300.447 5 0.440 3
40 3.5 2 1 300.1979 0.194 0
40 3.5 4 1 300.613 2 0.601 7
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Tab.3 Experimental data and results

I/m R/mm AP/P w/mm
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