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Effect of thermal control of thermal boundary layer on image
quality with large—aperture primary mirror
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Abstract: With the increase of the aperture of the telescope, the inertia of the primary mirror increases
sharply. Both of the temperature difference with optical surface and ambient air and turbulence
fluctuation at thermal boundary layer result in heavy mirror seeing, directly influence the optical quality.
A method based on computational fluid dynamics and optical path difference integrated calculation was
proposed to evaluate the optical quality due to turbulence fluctuation at thermal boundary layer. To
verify this method, the thermal boundary temperature distribution of a 3.0 m aperture primary mirror
was simulated and calculated in different temperature warmer optical surface in natural and forced
convection, respectively. Then, the temperature field was transformed to be refractive index field by
corresponding equations. The optical performance of thermal boundary layer was calculated by optical

path difference integration at the refractive index field. The results can quantitatively describe the effect
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on optical quality from the thermal boundary layer, which has made up for the deficiency of the existing
seeing test. Meanwhile, it is verified that the existing astronomical observation requires the temperature
difference between the primary mirror and the ambient air less than 2 K. The primary mirror thermal
control system makes the optical path difference in forced convection decrease by an order of magnitude
than that in the natural convection, which significantly improves the primary mirror seeing. Furthermore,

it is indicated that the thermal control at optical surface is of great significant to improve the image
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quality.
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Tab.1 Models and boundary conditions of CFD

Model Setting
Analysis type Pressure—based steady state
Heat transfer model Energy on
Turbulence model SST k—w

Fluid—solid interface Conjugate heat transfer

Fluid area Incompressible ideal gas
Solid area Fused silica

Outer surface boundary Natural convection
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Fig.4 Temperature and turbulence field at optical surface,
which is 3 K warmer than ambient air at natural

convection
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Tab.2 Wavefront RMS of optical surface

effective aperture

Temperature difference/K RMS/m RMS/A Strehl ratio
0.5 7.97E-09 1/79.38 0.99
1.0 1.60E-08 1/39.55 0.97
1.5 2.35E-08  1/26.98 0.94
2.0 3.16E-08 1/20.41 0.91
2.5 3.80E-08 1/16.27 0.85
3.0 4.63E-08 1/13.68 0.79
3.5 5.31E-08 1/11.92 0.72
4.0 6.12E-08 1/10.35 0.63
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Fig.7 Temperature and turbulence field at optical surface,
which is 3 K warmer than ambient air at forced

convection
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Tab.3 Wavefront RMS of optical surface

effective aperture

Temperature difference/K RMS/m RMS/A
0.5 3.13 E-10 1/2021.73
1.0 6.42 E-10 1/986.13
1.5 9.40 E-10 1/673.54
2.0 1.25 E-09 1/505.12
2.5 1.57 E-09 1/404.09
3.0 1.88 E-09 1/336.73
3.5 2.19 E-09 1/288.62
4.0 2.51 E-09 1/252.51
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