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Abstract In order to achieve an efficient solar pumping system, it is necessary to design a pumping cavity with both
low thermal shock and high light concentration. In this paper, the two-stage pumping system of Fresnel lens and
vase shaped pumping cavity is established by using TracePro software, and the optimum diameter of entering
window, position of entering window, caliber of exit window, diameter of vase waist, position of vase waist and
length of crystal rod are optimized for high efficiency and more homogenous pump energy distribution. Through
theoretical calculation, the pump threshold power of 60 mm crystal rod is 4. 568 W/m”, the output power of the
optimal system structure is 18.21 W, and the focal length of thermal lens is 31.0 cm. In comparison with the conic
cavity, the axial temperature distribution curves of the crystal rod under the two kinds of cavity shape are obtained.
By comparison, it is found that the vase cavity has obvious advantages in reducing thermal shock and improving
pump light uniformity. The optimal design of this paper provides a new idea for follow-up experiments.
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Table 1 Related parameters and values

Parameter Value
Planck constant /(] + s) 6.626>x10*
Pump light frequency /s 3.71x10"
Average one-way loss factor 0. 01
Total quantum efficiency 0.6
Stimulated emission cross section /cm® 6.5X10 "
Fluorescence lifetime /s 2.3%x10°"
Crystal rod length /cm 10,9,8,7,6,5
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Fig. 2 Optimization scheme of bottle-shaped cavity and selection of window position. (a) Schematic of

vase cavity optimization; (b) relationship between window position and input power
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Fig. 4 Axial power density of crystal rods with different waist widths
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Table 2 Related parameters and values

Parameter Value
Particle number density /em™® 1. 38X 10%
Speed of light /(m s ) 3% 10°
Loss logarithm 0. 022
Solar radiation intensity /(W ¢ m™ %) 1367
Pumping rate /s * 1.9x107*
Pumping cross section /cm’ 0. 2826
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Table 3 Comparison results of different rod lengths

Crystal rod Variance /10"

Temperature difference /°C

Thermal lens focal length /cm

length /mm Vase Conic Vase Conic Vase Conic
50 0. 9081 16. 735 4, 8411 6. 6249 9.7942 7.1571
60 1. 2375 23.273 1. 9191 13. 0033 24. 7066 3. 6464
70 2.6136 29. 597 5. 0375 16. 3708 9.4125 2. 8963
80 4. 0064 34. 232 7.2979 17. 3768 6. 4971 2.7286
90 4, 7092 36. 670 9.3522 18. 3732 5. 0700 2. 5807
100 5. 6501 37. 877 10. 569 19. 7170 4, 4861 2.4048
F 4 AFAG AR ILESR

Table 4 Comparison results of different incident window apertures

Incident window Variance /10"

Temperature difference /°C

Thermal lens focal length /cm

aperture /mm Vase Conic Vase Conic Vase Conic
10 5. 1759 126. 57 11. 1182 44,5374 4, 2647 1. 0646
20 3.6932 72.777 2. 2588 21. 3638 20. 9910 2.2194
30 1. 1467 23.273 1. 6953 13. 0033 27.9689 3. 6464
40 6. 6090 7.3391 0. 7276 6. 2079 65. 1654 7.6379
50 4, 8052 3.3629 0.4228 1. 8352 112. 140 25. 837
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