Solid state laser production by flexible fibre optics solar energy transmission and concentration
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The Sun is an economic source for pumping the solid state lasers.  We report here a successful laser emission by the fibre optic collection and transmission of concentrated solar energy from a primary parabolic mirror to a lasing medium. The energy of large input angles from the primary parabolic mirror was collected and transformed into a uniform light distribution of small output angles by the use of a fused silica angle transformer, to which an optical fibre bundle was closely coupled. Due to the flexibility provided by the 37 optical fibres and the curve polishing on their output ends, the pump energy was efficiently transported and concentrated to the thin Nd:YAG laser rod conveniently placed outside the focal area of the primary parabolic mirror. The laser crystal was then uniformly and efficiently pumped due to both the half-arc-shape position configuration of the fibres around the laser rod and the double-pass of useful unabsorbed energy through de laser rod. 

The laser output power of 1.46W was obtained. The system is scalable through the application of more optical fibres along a longer laser rod. Solar thermal applications are expected to be found with this type of fibre optic solar energy transmission system.

Economic laser production by the use of Solar energy pump supply

Economic fiber optics Solar Laser production

Solar energy of large input angles from a primary parabolic mirror was collected and transformed into an uniform light distribution of small output angles by the use of a fused silica angle transformer with a circular entrance cross section of 7mm diameter and hexagonal cross section of maximum output diameter of 10.5mm. An optical fiber bundle of 37 fibers (each of Ø1.5mm and hexagonally polished at the input end) was closely coupled in order to cover all the output area of the angle transformer. 

By mounting the optical fibers into an arc-shape aluminium part, efficient light coupling between the optical fibers and the laser crystal was obtained. A double-pass pumping scheme is accomplished by depositing a gold reflector on half of the internal wall of the flow-tube redirecting only useful unabsorbed pumping energy to a thin Nd:YAG rod. In order to efficiently concentrate the light energy from the optical fibers to the laser crystal, curve polishing at the output end of the optical fibers was done. Both system flexibility and uniform pump were obtained.

A transmission efficiency of 51% and a laser output of 1.46W were measured. This system is scalable through the application of more optical fibers along a longer laser rod.
The obtained results were affected both by the change in irradiance with time and mirror misalignment. The solar power of 166W was measured from the fiber bundle, corresponding to a transmission efficiency of 51%. The laser output power was 1.46W, giving a total optical to optical efficiency of 0.5%. 

Optical fibers were used to couple the concentrated solar energy from a primary parabolic mirror to a thin Nd:YAG laser rod. Due to the flexibility provided by the optical fibers, the laser crystal can be pumped in a convenient place outside the focal area of the primary parabolic mirror. More applications are therefore to be found with this new type of lasers.

Both flexibility in transmission and uniformity in pumping were achieved.

The firs solar-pumped Nd:YAG laser by optical fibers is introduced. The fiber optics pumping schemes, as shown in Fig.1, Fig.2 and Fig.3 were used to improve both light coupling efficiency and solar laser beam quality.

 In outdoor experiments, a primary parabolic concentrator with f = 1.1 was used to concentrate the solar energy into a 7mm light spot. A fused silica angle transformer with a circular entrance cross section of 7mm diameter and an hexagonal cross section of maximum output diameter of 10.5mm was used. Solar energy of large input angles from the primary mirror was collected and transformed into an uniform light distribution of small output angles, to which an optical fiber bundle of 37 fibers was closely coupled. In order to cover all the output area of the angle transformer, each single fiber of 1.5mm diameter was hexagonally polished at its input end. A compact fiber bundle was then formed. The output solar power from each fiber was of equal value, facilitating hence the further uniform pumping of the laser crystal.

By mounting the 36 of all the optical fibers into an arc-shape aluminium part (Fig.2), efficient light coupling between the optical fibers and the laser crystal within a flow- tube was obtained. The double-pass pumping scheme is accomplished by depositing a cylindrical reflector on half of the internal wall of the flow-tube. The reflector is made of gold therefore only useful unabsorbed pumping energy is reflected back to the crystal of 3mm in diameter and 20mm in length. The use of a thin crystal is advantageous as the cooling is more efficient, reducing both thermal gradient and thermal lensing effects. In order to concentrate efficiently the light energy from the optical fibers to the thin laser crystal, curve polishing at the output end of the optical fibers was also done. This system is scalable through the application of more optical fibers along a longer laser rod.

The obtained results were affected both by the change in irradiance with time and mirror misalignment. The solar power of 166W was measured from the fiber bundle, corresponding to a transmission efficiency of 51%. The laser output power was 1.46W, giving a total optical to optical efficiency of 0.5%. 





































