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Abstract: In order to study the thermal characteristic of output window during the working process of

high power CO, laser, a time-dependent model coupled with heat transfer and structure mechanic was

established to calculate the distribution of temperature, thermal deformation and thermal stress. First, the

physics characteristic of output window materials was discussed. Then, based on the resonant cavity

structure of 10 kW TEA CO, laser and the physics characteristic of output windows, a heat transfer and

structure mechanic model was established. Finally, COMSOL finite element software was used to

calculate the distribution of temperature, thermal deformation and thermal stress. The influence of

different materials of output window on parameters was analyzed. The results indicate that the temperature
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rise of ZnSe output window is less than the GaAs output window when the output power is consistent for
both materials; the deformation of output windows is in the range of pm dimension under the 10 kW
laser power condition; the distribution of thermal deformation and thermal stress is more even in GaAs
output window for its high heat transfer coefficient.

Key words: high power CO, laser; output window; temperature; thermal deformation; thermal stress
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Fig.1 Sketch map of resonator in high power CO, laser
1
Tab.1 Material characteristic of output windows
Item ZnSe GaAs
Bulk absorption coefficient/cm™ 0.001 0.01
Thermal conductivity/W +cm™ - C 0.18 0.48
Specific heat/J-g™'-C~! 0.356 0.325
2
Linear expansion coefficient/C™! 7.57x107"  5.7x107° Fig.2 Mesh model for output window
Young's model/GPa 67.2 83 3
Rupture modulus/MPa 55.1 138 3.1
Density/g - cm™ 5.27 5.37
o
Poisson’s ratio 0.28 0.31
2.2 3. 4 , , 60 s
10 kW TEA CO, ,
, 80 mm, , ,
9mm, s H ,
50 mm, ; . GaAs
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Fig.3 Temperature distribution of output window along radius

direction
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Fig.4 Temperature distribution of output window in cross-section
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Fig.5 Temperature distribution of center at output side and

incident side
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Fig.6 Displacement distribution of output window along radius

direction
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Fig.7 Displacement distribution of output window in cross-section
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