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Table 1 Main thermal interaction form of a radio

telescope with the variable thermal environment

and corresponding thermal parameters
Thermal

Heat source Corresponding

or sink interaction  thermal parameter
Sun Radiation Gr
Radiation T,

Air
Convection he
Sky Radiation T
Ground Radiation T,
(1) ST,

— B R HE R AR AE — K N AR AL R
PR, AT R SZ AT L. R E T S
YIEL R, AR B RS B AT, DA K
PEAVE NI R NS5 A SR IV R
BLREUI &, M EKS B 0.1°C, SRAEIN A 18] b 1 B N
15s. 18202046 H 21 H &€ AT L1 A8 3 =,
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Fig.1 The air temperature at Urumqi NanShan Observatory
on June 21, 2020
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Fig.2 The wind speed at Urumqi NanShan Observatory on
June 21, 2020
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Table 2 Calibrated value of parameters listed in
Egs. (6)—(8)
Parameter A /(W-m™2) B O

C Pg
0.13 0.3

Value 1089.45 021 1
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Fig.3 Total solar radiation power G curve on June 21, 2020
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Table 3 The surface absorptivity under different

treatment processes

Surface treatment process  Absorptivity y

Polished without any paint 0.1-0.2
Zinc-Rich alkyd paint 0.2

TiO2 paint 0.3-0.4

White paint 0.4-0.5

Black paint 0.8-0.85
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#J(Back Up Structure, BUS)HLFE 168 48 41 22,
ORI IE I TE MR, 8IR<RTE SO 4, BRI
SRSl 4450, +£67.5° [ O AR R BB A S B b
AN 5 o0 A B TR 42 I SRS 1) SCHE I FEE. i T 4
TSR 25 10 M 2 45 ey ] 42 71 40 S G2 RO S 527
R BRI ST TR SR R 41 4E 38 5 3L 52 5 A4 K} (Carbon
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Table 4 Materials, element properties, and thermodynamic parameters of the antenna components

Component Panel Secondary reflector Others
Materials Aluminium alloy ~CFRP with quasi-isotropic ply Steel
Element properties Plate Shell Shell
Density /(kg-m™%) 2800 1600 7870

23 in fiber direction
Thermal conductivity /(W-m™!-K™1) 237 50

1.5 in thickness direction

Specific heat capacity /(J-kg™*-°C™1) 880 1000 480
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Fig.4 Thermodynamic finite element model of 25 m NSRT ﬁg‘l\iﬁ@ﬁ\iﬂ
(left view) FERE 2 HIN KB B R 28, P26 B2 b T
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Fig.5 Temperature distribution of the antenna at 12:00 AM with EL = 45° and w = 90°
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Table 5 The thermodynamic parameters of

antenna components obtained by numerical

simulation _
Antenna Twm Tams TDmax L
component /°C  /°C /°C /(m-°C™1)

PMR 36.4 5 18.8 2.3
BUS 27.9 1.7 11.3 4.1
Alidade 23.2 1 5.5 6.7
Quadpods  29.5 2.6 17.5 3.2
SBUS 22.6 0.1 0.5 10.5
PSR 22 0.5 1.4 8.7

*6 NEINGAFAINATHEREWHIFRIEE(CC)
Table 6 The RMS of BUS temperature difference
at different incident and elevation angles (°C)

EL

w 5° 30° 45°  60°  90°
0° 248 22 202 1.66 1.42
30° 247 218 194 143 1.22
60° 241 205 1.88 1.32 1.13
90° 228 1.88 1.70 1.27 0.95
120° 2.13 1.69 150 1.05 0.89
150° 1.99 149 126 0.99 0.66
180° 1.93 139 1.10 0.82 0.58

TR 2R 25 40 B W RR T, wiE210° £360° 1)
B A LR AT S T — 38, A &
HEIH. HERAFTLIEH, Hwh0°. ELE(RE, 1
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BRI L S Er= A R,

PAEL = 45°, w = 90° i A T35 R 43 #r
R LGS B G5 IR FE 2 TR) Re . 6% T ™ Rk
28 BRSO W R TT R AT, I
HRBHNSE 7 1), b H R X8 0715 s e 2 BB
R B o A, R A AT RS S, T
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Fig.6 Temperature distribution on antenna BUS along the

aperture direction at EL = 45° and w = 90°
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Study on the Structural Temperature Field of XAO 25 m
NanShan Radio Telescope under Solar Radiation

YI Le-tian™?3 XU Qian'?® WANG Nal?3

(1 Xinjiang Astronomical Observatory, Chinese Academy of Sciences, Urumgi 830011)
(2 Key Laboratory of Radio Astronomy, Chinese Academy of Sciences, Urumgi 830011)
(8 Key Laboratory of Xinjiang Radio Astrophysics, Urumgqi 830011)

AsstracT It is observed that both the pointing accuracy and efficiency of the 25 m NanShan Radio
Telescope (25 m NSRT), Xinjiang Astronomical Observatory (XAQO), Chinese Academy of Sciences, are
impaired by the non-uniform temperature field in antenna structure, mainly caused by solar radiation. In
order to study the thermal characteristics of 25 m NSRT, we construct thermal environment parameters
and thermodynamic finite element model of the NanShan radio telescope, taking into account both the
reflection and shielding effects between structural components, such as backup structure and panels.
By comparing parameters such as the average temperature, root mean square temperature difference and
characteristic dimension under unit temperature difference, it is observed that there are large temperature
differences between each component of the telescope due to significant discrepancy in heat capacity of these
components. The temperature distribution of antenna backup structure at different elevation and solar
angles are analyzed. The results show that in illuminated region the temperature of the backup structure
is linearly distributed, with an average gradient of 0.25°C-m™1.

Key words radio telescope, solar radiation, temperature distribution, temperature gradient, temperature
effect
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