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Abstract: Airflow disturbance can cause a change in the air refractive index, which will introduce an
unknown wavefront measurement error, especially for large-aperture, long-focus optical systems. To
suppress this effect, this paper proposes an indoor temperature field control method based on Compu-
tational Fluid Dynamics (CFD). First, the cause of the wavefront detection error induced by air dis-
turbance is analyzed, and the feasibility of improving the uniformity of indoor temperature field and
restraining the influence of air disturbance using active air supply is expounded based on hydrodynam-
ics theory. Secondly, an indoor temperature field control method using fan array for active air supply
is proposed through simulation modeling, which considers the composition of the self-collimation opti-

cal path of an off-axis Three-Mirror Anastigmatic (TMA) telescope (diameter of 500 mm, focal length
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of 6 000 mm) and the environmental conditions. Finally, the actual optical measurement data before
and after temperature field control are compared to verify the effectiveness of the proposed method.
The results show that the standard deviation among the seven groups of aberration coefficient meas-
urements (mean values of multiple measurements over a period of time) decreased from 0. 034X to
0.0051(1=632. 8 nm). The proposed method can effectively suppress the influence of airflow disturb-
ance, which has certain reference significance for improving the optical detection accuracy of large-ap-
erture long-focus optical systems under non-vacuum conditions.
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temperature field control
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Fig. 4 Temperature distributions in three cross-sections using different numbers of fans



Velocity/(m:s!)

Velocity/(m-s™!

Fig.5 Velocity distributions in one cross-section with different numbers of fans

(
[16-20] 5 C.,
, o 0 ) 7 ,
N 250 (
, 5s), o
) , 6 o
b b 7
o 250 .
o , 7
<CS ) 7 (a) o ’
° : C, ,
Fig. 6  Optical path for self-collimating interference =632 8 nm.
detection of an off-axis TMA telescope
7(b o
’ 2 o
o ¢ 10 3 2 y
) b b 7 b



86 28
2 7 ,
Tab.2 Average of aberration coefficients for 7 measure- . 7(b)
ment sets with and without control of tempera-
’
ture field
’
Cs Cs
7( a) ’
(A=632. 8 nm) (A=632. 8 nm)
’
1 —0.274 4x —0.129 1x
’ ’
2 —0.204 3x —0.119 3a " o . (
3 —0.246 0x —0.132 5
, Do
4 —0.305 6x —0.128 61
’ ’
5 —0.276 4x —0.130 4x
’ ’
6 —0.290 6x —0.122 4 “ »”»
’ °
7 —0.290 3 —0.126 1
A A ’ 7(a) ’
—0.269 6x —0.127 O , , “
0.034 2x 0.004 7A ”» . , “ »
b
, 0. 0054, , s
’ °
00 00 0.0 40Bcfom air supply After air supply
2 02 M,; -02 AG 21z &@MR‘% 7 sc:_s of data betl'nre ig g%
&g ;{u RGN ha M‘#‘# Yy active air supply o 20
-0.6 -0.6 -0.6 —%‘6 -04 -02 00 -Q}b -04 -02 00
0 50100 150 200 250 0 50 100 150 200 0 50100 150 200 250 40
Time sequence Time sequence Time sequence 30 30
20 20, E
10 10
{ [t
o0 g0 . 00 D504 -02 00 D6 7-02 00
202 fN“}r <-02{ . fo, 2 02{ a? <02 50 30
3 Wy T S e R S ey, "
~ 04 04 g‘;s‘ém St e i’ 30 ?g
-06 0.6l = 06 0.6 10 ol
0 50 100150200 250 O 50 100 150 200 0 50100 150 200 250 0 50 100 150 200 250 300 ,%‘6 204 -02 00 06 04 -0.2 0.0
Time sequence Time sequence Time sequence Time sequence 40, 38
30
20 . 20 i
10) %8
] 0.
-06 -04 -02 0.0 -0.6 -04 -02 00
Ooﬁ-’-‘.sung' it ks "'.'-'*"'"\"};‘ 7 sets of data aft 30 3
. sets of data after
fﬁ, = —‘:-v - Fiid ,"<1‘g:< ~02 J’ ""‘ active air supply = 20
T -04 ~.04] 04 — 10 19
-0.6 0.6 06 %504 0300 -%.6 04 -0.2 0.0
0 50100150200250300 O 50 100 150200 250 0 50 100 150 £

Csfh

Time sequence Time sequence Time sequence

004+ 0.0{ 4 > ,¢ b

‘a :1 ““ﬂ('
-0.2 D’Ww i ':”'CS 07. é*‘ -. )‘__
0.4 04 S04

6 . 06 06
050 100150200 250 0 50 100150200 250

-0.6 -0
0 50 100150200 250
1 Time sequence Time sequence

Time sequence

0 50 100 150200 250
Time sequence

(a) 4 B {552 7 RG] i Rt

(a) Data for each group of wavefront aberration measurement

7 7

— b e e
Loocood
—_— b
=R=R-]

6 -04 -02 00 )6 -04 -02 0.0

6 -04-02 00
Ch

—rd e datn
SoOoOooO
L =k
oSS

-06 -04 -02 00

(b) M & BT RS
(b) Histograms for each group of data

Fig. 7 Measured data of wavefront aberration coefficient before and after active air supply and histograms for each

group of data



B E - 84

1 s 87
7 0. 142A,
’ 8 ( ) ° ’
’ ° ’
8(a) ) , s ’
“ ”
’ °
“ ”
’ ° ’ o
’ ’ ’ ’
“ ”
° ’ ’ ’ °
“ ¢ o 8(e) ’ )
b b ( ) °
, 8 ( a) “ ” ,
° 3 ’
8(b) , ( ) ,
( ) , o 0
300
001 Intensity

=024

-0.4

Sample number

65200 400 650 530 1000 1200 1300 1600 1800 o Eroquency
Time sequence
Intensity
-0.6.
0200 400 600 800 1000 1200 1400 1600 1800 o Frequency
Time sequence
(a) MR (b) MR BERE T RS () Jill 2 B ST 7 b7
(a) Measured data (b) Histograms of measured data (c) Frequency analysis of measured data

8

Fig. 8 Meta-analysis for wavefront aberration measurements before and after active air supply

7 ( 250
) ,
, , . N ¢ 250
o ) 0. 0342 0. 0052 (A=
) 500 mm, 632.8 nm),
6 000 mm .



88

28

(1]

[2]

[3]

[4]

(5]

[6]

[7]

’ ’

[yl ., 2011, 19(12)
2813-2820.

XUE D L, ZHENG L G, ZHANG F. Off-axis
three-mirror anastigmatic optical system based on
[J]. Ope.
Eng.. 2011, 19(12). 2813-2820. (in Chinese)

optical freeform surfaces Precision

] s ’

[JJ. . 2018,
39(6): 803-808.

SUN Y X, XIA ZH T, HAN H B et al.. Large
aperture infrared off-axis three-mirror anastigmatic
optical system design and tolerance analysis [ J].
Journal of Applied Optics, 2018, 39 (6): 803~
808. (in Chinese)

Zernike

[Jl. )

s ’

2010, 18(8): 1754-1759.

GONG D, TIAN T Y, WANG H. Computer-aided
alignment of off-axis three-mirror anastigmatic opti-
cal system using Zernike aberration coefficients [ J].
Opt. Precision Eng., 2010, 18(8):1754-1759. (in
Chinese)

GU Z Y, YAN C X, WANG Y. Alignment of a
three-mirror anastigmatic telescope using nodal ab-
erration theory [ J]. 2015, 23
(19): 25182-25201.

ZHANG X B, ZHANG D, XU SY, etal.. Active

optical alignment of off-axis telescopes based on

Optics Express.

nodal aberration theory[J]. Optics Express., 2016,
24(23): 26392-26413.
SHIJ L, WANG Y. SHENG Y, etal.. The opti-
cal modeling tool and a simulation method for air
turbulence in large opto-mechanical systems [J].
SPIE, 2009, 7506:75061N.

[D].

, 2011,
CHEN H. Analysis of Environmental Disturbance
Effects on High Precision Figure Measurement

[D]. Changchun: Changchun Institute of Optics,
Fine Mechanics and Physics, Chinese Academy of
Sciences, 2011. (in Chinese)
[8] ) ,
Ll . 2015,
35(10): 142-147.
JIANG Z B, LI X N, JI B. Analysis of the influence
of air vertical temperature gradient on the measure-
ment accuracy of long focus mirror [J]. Acta Opti-
ca Sinica, 2015, 35(10): 142-147. (in Chinese)
[9] .
(DJ. : , 2013,
ZHANG J. Study on the Control Method of the

Temperature and Seeing of the Honeycomb Mirror

[D]. Chengdu: Institute of Optoelectronic Tech-
nology, Chinese Academy of Sciences, 2013. (in
Chinese).

[10] , s
LIl . 2017(10) ;37
44,
YANG F, AN Q CH, ZHANG ], et al.. The
seeing measurement of the optical system with
large aperture [J]. Opt. Precision Eng., 2017
(10) : 37-44. (in Chinese)
[11] , s ,
Lyl .
2010, 27(2) . 135-139.
FENG D H, PAN SH, WANG W L, etal.. Sim-
ulation and analysis of ray tracing in arbitrary gra-
dient index media [ ] ].
2010, 27(2): 135-139. (in Chinese)
[12] . [D].
, 2006.
JIN Q F. Study on the Factors Influencing the
Refractive Index of Atmosphere [D]. Hangzhou:
Zhejiang University, 2006. (in Chinese)
[M].

Computer Simulation .

[13]
,2010.
ZHANG D L. Computational Fluid Dynamics
[M]. Beijing: Higher Education Press, 2010. (in
Chinese)

[14 ] TRITIPPAYANON R, PIEMJAISWANG R,



89

PIUMSOMBOON P, et al.. Computational flu-
id dynamics of sulfur dioxide and carbon dioxide
capture using mixed feeding of calcium carbon-
ate/calcium oxide in an industrial scale circulat-
ing fluidized bed boiler [J]. Applied Energy,
2019, 250.: 493-502.

[15] . . . FLUENT

[M].

, 2008.

HAN ZH ZH., WANG J, LAN X P. FLUENT

Fluid Engineering Emulator Calculation Exam-

ple and Application [ M]. Beijing: Beijing Uni-

versity of Technology Press, 2008.

JUGH, YANCX, GUZY, etal.. Aberration

fields of off-axis two-mirror astronomical tele-

[16]

scopes induced by lateral misalignments[ J]. Optics
Express, 2016, 24(21) :24665-24703.
[17] JU G H, MA H C., YAN C X. Aberration fields

(1963 —>, s

. Email ; xusy(@ ciomp. ac. cn

[18]

[19]

[20]

of off-axis astronomical telescopes induced by rota-
tional misalignments [J]. Optics Express, 2018,
26(19):24816-24834.

JUG H, YANC X, GU Z Y. et al.. Nonrota-
tionally symmetric aberrations of off-axis two-mir-
ror astronomical telescopes induced by axial mis-
alignments [ J]. Applied Optics, 2018, 57 (6);
1399-1409.

JUGH, MAHC, GUZY, etal.. Experimental
study on the extension of nodal aberration theory
to pupil-offset off-axis three-mirror anastigmatic
telescopes [ J 1. Jowrnal of Astronomical Tele-
scopes s Instruments, and Systems, 2019, 5(2).
029001.

REIMERS J, BAUER A. THOMPSON K P, et
al.. Freeform spectrometer enabling increased
compactness[ J]. Light: Science & Applications ,
2017, 6(7): el7026.

(1988—), s
s ,2013

., E-mail.

2xs1933(@126. com



