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Abstract
designed based on this. 2D model is built and validated to calculate the convective heat transfer coefficient and

Jet cooling technology is used in mirror cooling of high power lasers and water jet cooled mirror is

pressure of liquid under certain parameters by fluid analysis module FLOTRAN in finite element analysis software
ANSYS. 3D model is built to calculate corresponding temperature and deformation distribution of the mirror by the
module of multi-physics in ANSYS, and the performance comparisons of different materials and different cooling
methods are made. The results show that water jet cooled SiC mirror exhibits small mirror deformation, simple

structure, good cooling uniformity and good pressure characteristic, which has great prospects in the application of

Vol. 38, No. 2
February, 2011

high power lasers.
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Fig. 1 Diagram of water jet cooled mirror
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Fig. 2 Diagram of section contains jet nozzles with

water in and out structures
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Labels in diagram: d , inner diameter of nozzle; d,, hole diameter; &,
thickness of mirror; h,, impingement space; k,, hole depth, s,
width of water out channel; s,,
thickness of hole wall (half space between holes)
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Fig. 4 Model of jet in a single hole
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Fig. 5 Finite element model of mirror
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Table 1 Physical properties of materials

Fz1 MRS

Thermal

Linear expansion

) Density / Specific heat / o o E modulus / ) )
Material i conductivity / coefficient / Poisson ratio
(kg /m*) [J /(kg'K)] GPa
[W /(m-K)] (107" K™
Cu 8940 385 395 16.70 117 0.33
Si 2329 697 153 2.33 190 0. 26
SiC 2950 670 172 2.10 364 0.14
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Fig. 6 Contour of velocity in hole
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Fig. 10 Distribution of convective heat transfer

coefficient along hole side
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Table 2 Variation in maximum surface deformation of

mirror with material of mirror

Maximum surface deformation of mirror /pum

Material Surface pressure of Surface pressure of

mirror; 101. 3 kPa mirror; 1 kPa(chemical laser)

Cu 0.599 1. 000
Si 0.122 0. 380
SiC 0.0908 0.226
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Table 3 Deformation comparison of different water

cooled Si mirrors

Type of water cooled Maximum surface deformation
mirrors of mirror /pm
Linear microchannel" 0.217
Spiral microchannel """ 0.174
Jet cooled 0.122
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