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Fig.1 The laminar state and turbulent state diagram
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Tab.1 Equipment parameter list

Species

Parameter

4D interferometer

Compensating mirror set

Large hyperboloid reflector primary mirror

Flat mirror

Diameter: 9 mm; Focal length: 14 mm
Working band: 632.8 nm
Diameter: 82 mm; Material: H-K9L
Flat 1 curvature radius: —154.88 mm
Flat 2 curvature radius: —325.9 mm
Distance between mirrors: —27.506 mm
Diameter: 1550 mm; Off-axis distance: 1500 mm
Material: glass-ceramic; Coating:enhanced aluminum
Diameter: 1800 mm; RMS: /40 (632.8 nm)
Material: glass-ceramic
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Fig.4 Photo of the mirror seeing experiment
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Fig.5 System overall layout (The hollow circles are SMD temperature sensors and air temperature sensors; the hollow cylinder is the ultrasonic wind

direction and speed sensor; the red rectangle is the silicone rubber heating plate; the trapezoid is the electric fan)
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Fig.6 Temperature sensors curve with time for free convection
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Fig.7 Test result diagram of ¢1.55m large hyperboloid reflector
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Tab.2 Summary of test results for free convection (Mirror velocity=0 m/s)

Model Mirror velocity/m-s ™ AT ,,/°C rocm Strehl ratio FWHM/(")

0 20.67 0.98 0.03

0.2 12.40 0.97 0.05

0.5 4.77 0.88 0.13

0.8 1.94 0.71 0.32

1 1.48 0.62 0.42

Free convection U=0 1.5 1.13 0.51 0.55
2 0.89 0.40 0.70

2.5 0.74 0.31 0.84

3 0.64 0.22 0.97

3.5 0.55 0.17 1.18

4 0.43 0.15 1.43

* 3 RRUERSREIREG T RERNE U=0.2 m/s) TRHIELE 1) 2ERTFAT,>0C

Tab.3 Summary of test results for forced convection at low wind speed (Mirror velocity=0.2 m/s) 1) the formula is

applicable to AT, >0 °C
Model Mirror velocity/m-s™' AT ,/°C ro/em Strehl ratio FWHM/(") F,
0 18.51 0.98 0.03 \ 1)
0.2 15.60 0.97 0.04 0.18
0.5 8.86 0.92 0.07 0.36
0.8 2.99 0.78 0.21 0.18
Forced convection U=0.2 1 2.18 0.72 0.28 0.22
1.5 1.75 0.62 0.36 0.40
2 1.65 0.59 0.38 0.84
2.5 1.52 0.54 0.41 1.39
3 1.41 0.50 0.44 1.92
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x4 EREAREXHREET GEEXE U=1.0 m/s) SREIEELE 1) ARERTAT,>0 °C

Tab.4 Summary of test results for forced convection at high wind speed (Mirror velocity=1.0 m/s) 1) the formula is

applicable to AT >0 °C

Model Mirror velocity/m-s AT ,,/°C ro,cm Strehl ratio FWHM/(") F,
0 15.38 0.94 0.04 \1)
0.2 21.46 0.96 0.03 0.06
0.5 18.75 0.96 0.03 0.92
0.8 14.61 0.94 0.04 4.23
Forced convection U=1.0 1 12.66 0.91 0.05 2.93
1.5 4.04 0.89 0.15 6.63
2 3.07 0.83 0.20 6.77
2.5 2.64 0.79 0.24 8.84
3 2.30 0.74 0.27 10.8
12 1.6
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Fig.8 Strehl Intensity as a function of mirror-air temperature difference
for the 1550 mm mirror (The filled portion of the figure shows the

error statistics for multiple sets of experimental data)
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Fig.9 FWHM as a function of mirror-air temperature difference for the
1550 mm mirror (The filled portion of the figure shows the error

statistics for multiple sets of experimental data)
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Experiment study on large solar telescope mirror seeing

Wang Yan'?, Yang Yongxing®, Li Jinpeng'*®, Bi Yong'**, Zhu Qingsheng'**"

(1. Nanjing Research Center of Astronomical Instruments, Chinese Academy of Sciences, Nanjing 210042, China;
2. University of Science and Technology of China, Hefei 230022, China;
3. Nanjing Astronomical Instruments Co., Ltd., Chinese Academy of Sciences, Nanjing 210042, China)

Abstract:

Objective The primary mirrors of large solar telescopes are continuously affected by solar radiation, causing the
mirror surface temperature to be higher than the air temperature. Under the action of the temperature difference
between the mirror surfaces, the air near the mirror surface is heated, causing the air density to be unevenly
divided, resulting in abnormal atmospheric refraction, resulting in mirror seeing, which degrades the image
quality of the solar telescope. Solar telescopes mostly use Gregorian optical systems, and their primary mirrors are
aspherical mirrors. Foreign experimental research mainly uses plane mirrors or spherical mirrors for experiments.
However, due to factors such as mirror surface shape, effective aperture and experimental optical path, the
theoretical relevance of the experimental results is low. Mirror seeing is the coupling effect between the mirror
and the surrounding air. Only numerical simulations have been carried out in China, and no relevant experimental
research has been conducted on mirror seeing. Direct experimental detection is a more reliable solution. In order
to control the near-mirror seeing caused by the temperature increase of the primary mirror, the mirror temperature
control target needs to be given quantitatively. The main mirrors of large-aperture solar telescopes mostly use
aspherical mirrors. The experimental platform of this article uses a 1 550 mm diameter hyperbolic mirror for

research to improve the universality of the experimental results.

Methods First, based on the solid-flow field coupling caused by temperature gradient and gas flow, this paper
proposes the formation mechanism of the specular seeing effect and establishes the theory of the specular seeing
effect caused by atmospheric optical turbulence. Then, based on the physical process of atmospheric turbulence
producing mirror seeing, under two conditions of natural convection and forced convection (Fig.1), an experiment
for a 1 550 mm large-diameter hyperbolic mirror was built (Fig.3), and the experimental data (Tab.2-4), analyze
the effect of the temperature difference between the mirror surface and the surrounding air on the mirror seeing
under different wind speed conditions (Fig.8-9). Finally, the experimental models under different convection

conditions are summarized (Fig.10-11), and the solar telescope temperature control target is determined.

Results and Discussions  Experimental results show that mirror seeing is related to the mirror temperature
difference. The interaction between natural convection and external forced airflow near the mirror has a transition
from expected stability to instability. Forced blowing causes tiny air molecules to move near the mirror. Even
small-scale turbulent movements can cause very sensitive changes in mirror seeing. Mirror temperature difference
and wind speed have a strong correlation with mirror seeing (Fig.8-9). Increasing active ventilation can reduce
mirror seeing. When the temperature difference is 4 °C, the mirror seeing under natural convection is 1.43"; when
the temperature difference is 3 °C, the mirror seeing under 0.2 m/s forced convection is 0.44", and when the
temperature difference is 1 m/s forced convection, the mirror seeing is 0.27". According to the mirror seeing
effect tolerance standard, combined with Tab.2-4 and Fig.9, under weak mixed convection conditions

(U=0.2 m/s), the mirror-air temperature difference should be controlled below 0.2 K; in Under strong mixed
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convection conditions (U=1.0 m/s), the mirror-air temperature difference should be controlled below 1 K.

Conclusions Due to the influence of solar radiation, the temperature of the main mirror of the solar telescope is
higher than that of the surrounding air, causing mixed convection above the mirror. Random fluctuations in
atmospheric density or temperature trigger turbulence in the refractive field, with the temperature fluctuation
being the largest and random, resulting in a mirror seeing effect in the thin area above the specular viscous
conductive layer. This article starts from the theory of atmospheric optical turbulence and combines the
experimental data of the 1 550 mm hyperboloid primary mirror under different convection conditions to study the
quantitative relationship between mirror temperature rise and telescope observation image quality, providing a
research basis for setting the temperature control target of the solar telescope's primary mirror. This study focuses
on the common problem of large solar telescopes - the influence of the mirror seeing on the degradation of the
telescope image quality. It analyzes the atmospheric turbulence process of the mirror from the perspective of
atmospheric optical turbulence, summarizes and simplifies the experimental data, and further analyzes its impact
on the telescope image. The influence caused by quality is derived from the empirical formula. In order to lay the
foundation for improving the working resolution of the telescope, this work will also provide the necessary
preliminary research foundation for the construction and observation of the 8-meter China Giant Solar Telescope
(CGST).

Key words: atmospheric optics; mirror seeing; atmospheric turbulence; solar telescope; froude

number

Funding projects: Natural Science Foundation of Jiangsu Province (BK2023022139)

20230412-11



	0 引　言
	1 镜面视宁度与大气湍流
	1.1 光线传输的大气湍流效应
	1.2 镜面视宁度的物理过程
	1.2.1 自然对流
	1.2.2 强迫对流

	1.3 镜面视宁度的评价方法

	2 镜面视宁度实验
	2.1 实验光路设计
	2.2 实验描述

	3 实验结果与讨论
	3.1 实验结果
	3.2 自然对流条件下的实验模型
	3.3 强迫对流条件下的实验模型


	4 结　论
	参考文献

