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Abstract: The dome seeing is an important influencing factor for imaging quality of ground-based large-ap-
erture telescopes. Seeing is mainly due to the uneven change in the refractive index of air. First, theoreti-
cal analysis shows that the main factors affecting the refractive index of air are the temperature, velocity,
and pressure of the air. Then, with the help of CFD fluid simulation software, the temperature field, ve-
locity field, and pressure field changes of the air near the telescope dome are obtained, and the change of
the refractive index of the air around the dome and telescope is calculated. Thus, the effect of dome seeing
produced by domes of different structural forms on telescopic imaging can be evaluated. The simulation
analysis shows that the lifting dome is more conducive to the rapid change and stability of the temperature,
speed, and pressure of the air around the telescope to reduce the impact of dome seeing. From the perspec-
tive of dome seeing, this paper provides a guide for the scheme selection and design of a dome at the 4-me-
ter level and larger telescopes.
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Fig.4 CFD model of lifting dome
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Fig. 5 Finite element mesh of open tracking dome
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Fig. 6 Finite element mesh of lifting dome
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Fig.8 Simulation results of lifting dome
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Fig. 10 Variation of air parameters in optical path of open tracking dome
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Fig. 12 Air refractive index change in optical path of

open tracking dome
4 % ®

AL A m B N BFTE X 4, A
TR B R fR X 22 T 1 B £ 0 50 4% 306 47
T B P R T
S R AR 50 A5 AL 38 T 48 B S 2
7 5525 B PR R S 2 S B N )

SE Wk

(1] RFJm . HbJE K 458 B BE R 40 45 W B R 25 b
[J]. FEXF, 2012, 5(4): 327-336.

ZHANG J X. Overview of structure technologies of
large aperture ground-based telescopes[J]. Chinese
Optics, 2012, 5(4): 327-336. (in Chinese)

(2] RBFA. RXZELEREAFITHE 2 T
X & Ay HEZ22EIM]. dtal: PEBEEA
R, 2003.

CHENG J Q. Principles of Astronomical Telescope
Design[M]. Beijing: China Science and Technolo-
gy Press, 2003. (in Chinese)

[3] DENKER C, LAGG A, PUSCHMANN K G, et
al. The GREGOR Solar Telescope[J]. TAU Spe-
cial Session, 2012, 6: E2. 03.

[4] ROBERTS L C Jr, FIGGIS P D. Thermal condi-
tioning of the AEOS telescope [Cl. Astronomical
Telescopes and Instrumentation. Proc SPIE 4837,
Large Ground-Based Telescopes, Waikoloa, Ha-
wai'i, USA. 2003, 4837 264-271.

[5] BLANCO D R, JOHNS M W. Thermal design of

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

P13 TR IO i v 28 <A 5 58 4l
Fig. 13  Air refractive index change in optical path of lift-

ing dome

SR I s S7 i B Bl [ TN T 1B T Y A BR
JCr M8 R Y CFD 3 44475 5023 A 4k CFX
BEAT 3 M MR D7 2 A T T e R T A Ol
g e 2= AR B S AR AR e 2 Dy T 2R 2l 15 T Y
e P A ST R AR AR 1/4 T R 2 [ TR
TRE R R HOE A O 4 m 90 R H AR B
AN RITEAE 5P 2 v

the WIYN 3. 5-meter telescope enclosure[C]. 1994
Symposium on Astronomical Telescopes and Instru-
mentation for the 21st Century. Proc SPIE 2199,
Advanced Technology Optical Telescopes V, Kai-
lua, Kona, HI, USA. 1994, 2199: 743-753.

[6] TERAN J, PORTER D S, HILEMAN E A, et
al. Unique dome design for the SOAR telescope
projectl C1. Astronomical Telescopes and Instrumen-
tation. Proc SPIE 4004, Telescope Structures, En-
closures, Controls, Assembly/Integration/Valida-
tion, and Commissioning , Munich, Germany.
2000, 4004: 155-163.

(7] &, REAA, ARTF, F. 4m 112 SICRIHE

R e S R[] R F A LR,
2017, 25(10): 2607-2613.
HUHF, ZHAO HW, LIU ZH Y, et al/. Hydro-
static support system for in sizu optical testing of a 4
m aperture SiC mirror [J]. Opt. Precision Eng. ,
2017, 25(10): 2607-2613. (in Chinese)

[8] XA &, Fal4, R, . 4m SICREATH
M X ERGI]. bF H%E A, 2014, 22

http://www.cnki.net



3038

e

K TR

030 %

[9]

[10]

[11]

[12]

[13]

(9): 2451-2457.

WU X X, LIJTF, SONG S M, et al. Active sup-

port system for 4 m SiC lightweight primary mirror
[J]. Optics and Precision Engineering, 2014, 22
(9): 2451-2457. (in Chinese)

XhE, ZBE, AL, F . ORHESICRBMAE

BB AR [T]. e # & 242, 2012, 20
(6): 1243-1249.

WU X X, WANG M H, MING M, ez al. Calibra-

tion of thermal distortion for large aperture SiC light-

weight mirror [J]. Optics and Precision Engineer-

ing, 2012, 20(6): 1243-1249. (in Chinese)
BOCCAS M. Protected-silver coatings for the 8-m
Gemini telescope mirrors [J]. Thin Solid Films,
2006, 502(1/2): 275-280.
SEBAG J, VOGIATZIS K. Estimating dome see-
ing for LSST[C].
+ Instrumentation. Proc SPIE 9150, Modeling,

SPIE Astronomical Telescopes

Systems Engineering, and Project Management for

Astronomy VI, Montréal, Quebec, Canada.
2014, 9150: 268-277.
LAT O, WITHINGTON J K, LAUGIER R, et

al. Direct measure of dome seeing with a localized

[15]

[16]

[17]

[18]

optical turbulence sensor [J]. Monthly Notices of

the Royal Astronomical Society, 2019, 484 (4) :
5568-5577.
ZAGO L. Engineering handbook for local and
dome seeing[C1. Proc SPIE 2871, Optical Tele-
scopes of Today and Tomorrow, 1997, 2871:
726-736.

WYNGAARD J C, IZUMI Y, COLLINS S A.
Behavior of the refractive-index-structure parame-
ter near the ground [J]. JOSA, 1971, 61(12) :
1646-1650.

EER T

(€)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

XFER (1987 —) T AR fb N, 1
oL BIBETE 5L, 2012 4F TG 2Rk Toll ok
2 ARAFA A 2 A7, 2015 4F F o B
BE A< G LT A B o, E BN
B 1 AR G A 5 R e M AR
7 T A 5T . E-mail: liuxiangyil07@
163. com

[19]

BIDA T A, DUNHAM E W, BRIGHT L P, et
al. Site testing for the discovery channel telescope
[C]. SPIE Astronomical Telescopes + Instrumen-
Proc SPIE 5489, Ground-Based Tele-
scopes, Glasgow, United Kingdom. 2004, 5489:
196-206.

KRABBENDAM V L, RUTHVEN G P, BEN-
NETT V P, et al. Active optical system design
for the 4. 2-m SOAR telescope [ Cl. Astronomical
Telescopes and Instrumentation. Proc SPIE 4003,

tation.

Materials, Fabrication, and

Germany. 2000, 4003:

Optical Design,
Maintenance, Munich,
122-135.

SAGAR R, NAJA M, MAHESWAR G, et al.
Science at high-altitude sites of ARIES - astrophys-
ics and atmospheric sciences [J]. Proceedings of
the Indian National Science Academy, 2014, 80
(4): 759.
COZAR-CASTELLANO J, CAGIGAL M N,
VEGA N, et al. Overview of telescope structure,
enclosure, and pier preliminary design of the Euro-
pean Solar Telescope [C]. SPIE Astronomical
Telescopes + Instrumentation. Proc SPIE 12187,
Modeling, Systems Engineering, and Project Man-
agement for Astronomy X, Montréal, Québec,
Canada. 2022, 12187: 693-703.

DALRYMPLE N E, OSCHMANN J M Jr,
HUBBARD R P. ATST enclosure: seeing perfor-
mance, thermal modeling, and error budgets[ C].
SPIE Astronomical Telescopes + Instrumentation.
Proc SPIE 5497, Modeling and Systems Engineer-
ing for Astronomy, Glasgow, United Kingdom.
2004, 5497: 497-507.

BIRIEE

FERE1980—), 5, BIpIT K 2% 2%
G, BIBIESE B, 2003 4, 2007 4F T I3 IR
T Tl R 27 43 ) 4K A5 27 L R -1 2
P, T2 2N 2 Ml R 1T A B e A G AL
45 M oy E M OWF 5
wang911@163. com

73
L%

E-mail: zc-

http://www.cnki.net



