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Characteristics of Non-uniform Solar Temperature Field for
Large Radio Telescope Structure

LIU Yan', QIAN Hong-liang”?, FAN Feng®
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2. School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, Heilongjiang, China)

Abstract: The refined numerical model of the solar temperature field for telescope overall
structure was established by transient heat transfer finite element method, with the factors of
solar radiation, air convection heat transfer, shadow in surrounding environment, etc. taken into
consideration at the same time. The worst-case weather condition was selected to analyze the
solar effect for them and the distribution of non-uniform solar temperature field for the telescope
structure was figured out. The influence law of main reflector surface precision by the time course
was acquired during the change of pitch and azimuth angles, and the essence of the effect
distribution characteristics was revealed. The study results can provide valuable real time date
reference for the future construction, sensor arrangement and thermal deformation control of ac-
tuator.

Key words: large radio telescope structure; solar radiation; shadow shade; non-uniform tempera-

ture field; thermal deformation
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Qitai Area in July 15
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Fig. 6 Statistical Results of Convective Heat

Transfer Coefficients for Bars
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Fig. 7 Statistical Results of Convective Heat

Transfer Coefficients for Plates
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Fig.9 Calculation Flowchart of Temperature
Field for Telescope Structure
X HLRLRE A A 907, 457, 57 O i, fE XLk
U=15m-s "t EHEEHESHIREY. L5t
ZERANPE 10~12 Fron . S 1 50 B Ut 5 BE i
L J3E 7 19 I [ 23 A R 2 LR A A 90° S i 3 B
06:00,08:00,16:00,18:00 i %, 45 H 45 44 H B 14
H RO BE 3 o0 A 181 13 Fros . W RLA 1,110 m



% 3 X B FEAHSZAGEMARIEYNYGBESHFE 85

B pIA: T S WHOBLE == e
SOF - YSlRLEH - - - PR B
45 =

o 40

&E 35

=301
250
20

15 1 L 1 1 1 1 ]

00:30 04:00 07:30 11:00 14:30 18:00 21:30 00:30
1t %1

() dm i

---------- JPRLEERE e AR = - B
sf = WHLH - -- e

_2 1 1 1 1 1 1 ]
00:30 04:00 07:30 11:00 14:30 18:00 21:30 00:30
i %)
(b) wA%E
B 10 90°fFMfAmEHEsREEMRKEBEE
Fig. 10 Maximal Temperature and Maximal Temperature
Difference of Structure at Pitch Angle 90°

i pigoa: Y R ML~ e
SOF - MR - B — B

15 1 1 1 1 1 1 J

00:30 04:00 07:30 11:00 14:30 18:00 21:30 00:30
i %)

(a) dm Rl pE

.......... FRLRELE e L —-— R
sk —— WYL - —- PR — B

._2 1 1 1 1 1 1 )
00:30 04:00 07:30 11:00 14:30 18:00 21:30 00:30
i %)
(b) WA %E
B 11 45°FMAMEMESREEMRKEBEE
Fig. 11 Maximal Temperature and Maximal Temperature

Difference of Structure at Pitch Angle 45°

S i B B A5 A IR 2 o0 BE 5 B R o A

Rtk -

(D AMHMAREOT - ABFBE 1900 B HIZR
05:00, K BHAL T3 -2k PLF o #5449 44 32 10 6 B 4% K
B 588 A0 10 T AT 25 ) AP e ey 1L 5 ORI

B TIRLRERE e R~ — FEe
S0F - ALK - - - R — W

B35

00:30 04:00 07:30 11:00 14:30 18:00 21:30 00:30
e
@ R

o TERLAEHE e HipLE - - i
g o TGN - -- j

7/ C
=

...

_2 1 1 1 1 1 1 J
00:30 04:00 07:30 11:00 14:30 18:00 21:30 00:30
i %1
(b) KR %=
E12 SMAMNEMEREEMEXES
Fig. 12 Maximal Temperature and Maximal Temperature

Difference of Structure at Pitch Angle 5°

- -

%ﬁ.shlw T
241 253 266 27.8 29.0 274 293 31.2 33.1 35.0
235 247 26.0 272 284 26.5 284 303 322 34.1
(a) 06:00 (b) 08:00
o [
38.0 39.7 414 43.1 448 369 37.8 38.6 39.4 40.3
37.2 389 40.6 423 44.0 36.5 37.3 382 39.0 399
(c) 16:00 (d) 18:00

E13 AEARZNZZEENEEHSHE(EM:C)
Fig. 13 Temperature Field Distribution of Telescope

Structure at Different Moments (Unit:C )
FEI s NI J= 05:00 B %0 19:00, K FHAL T -2k
A b o A8 7 2 B0 4 114 2 TR L 4 52 3 K B 4 A AR
I T LA AS A 1 v i 88 28 I 3 v T s UL

(2) R BATFRL I » Bl I IR) 46 B 2544 1 e v T B2
(EFFERBE T J7 A0 )38 8 95 2R &5 4 | I B B T (gt 9
Ab) 4% R A OHL A L BB A §E e i) T 16 00,
15:30,15:00,14:30,17:00,17:30 /245 i & ik 3] %
RAEMZ )G S HAFRIRZEZ L T HE2R R
05 : 00 2 Fe AR AH - - 55 BE I ) ORI BEAH 55

(3) 2% B 0 Al 1 i 22 29 IR R 05:00 22 A JT 46



86 AHAFE TRFR

2015 4

AR HITE 17 09:30 Z b 3 R MH 72 I
ZJa 2 W B A O I B R 18:00 A
Al 22 T IR W DN T T 2000 A2 A IR
2 CLATR o3 J2 1 T K BH e BE R AIG K B B i 55 ik
J3E 3 55 T 3

(4) J7 {57 R BRI Ul 2 43 A B R 51 14 09230
FRF 14:30 B[R] BE P FL 22 SE 08/ 5 B R
9O°FN AS PR, BB B 1Y V FIE AL, 1
HAp 1230 2245 080 2 B AR 3 292 0. 63 °C Al
0.58 °C 3 xFF SR A o B A7 2 B0 A0 o R A L3R
ZEH AR AAE 12:30 247 B i & AE 09:00 I
14:30 ZE A B, HLiR 2 AR HA 3 T 4.6 °C,
3.2 HRIEHNIEBEGNREEEENSZN

BE 0 B B AR T Dy A VR (Y T B A AR L
SUR LRSI RS U Py (e Rt AN Rl S (R g
TFE A B 5 2 BECBR o 1 4 1T R . AE HOBRAE
B RG 2 ERE NE  FE TR | TR I 34 43 A R N
XFEMIATE X £ TAE RS BEA AR MAEL S,
SR b sZ 5 AT B LTI AR o 52 e B2 G 4 T AR MEfg .
PR 250 B F B G 4% AR ST 5T A
R 5 e o2 5 S8 4% 730 U D 25 b E HE 40 T A 62 A% L
H5 R AR S0 25 1 T R PR A A B 4w 1) 255, BT
ERARME 14 PR .

[t st e
l
it T 2 TR TR |
l
[ R 2 s s 3 |
5IASEHERLIE20 C|
ey |

l

BETLE

E14 HRMEATESEBETERE
Fig. 14 Calculation Flowchart for Reflector

Surface Precision Under Solar Effect

FLALRL 57, 457, 90° I A1 Ay I B2 38 5 45 44 Oy 1]
(B 15), RT3 g A Xk . 1. 5,3. 0,4. 5
mes LI 3 B TARRA T A MAE 7 A 15
H X — K 4 H BRI 3 30 5800 1847 70 A7 » R4 AN [R) IR
R A 8 B T R R S RIS TR BE I R 4 [
16~18 s,

M 16~18 "] LAF H -

CI) ] — R AN [ IR AP 2 265 235 4y B K1Y s o
B B A AL LA LA R 5 3252 A 05 00 JF #f J 35

() 5° (b) 45°

(c) 90°

B 15 S0 f At 2T E SRR
Fig. 15 Telescope Structure Models at
Different Pitch Angles

0.61

— K#E1.5m s
05l —=-H3.0m-«s
g BN R A #4.5m e« s
£o4f
i
£ 0.3}F
=
&0.2
X
0.1
) . . . P ey S
12:00 16:00  20:00 24:00 00:00 04:00 08:00
i Z1
S RS BE (b)
8_
— Xikl.5mes"'
-—-Xi#3.0m-s"’
6 - Kig4.5m s
g
£
2R 4
/{\_j
2_
k.

. . . ) oS==gr
12:00 16:00  20:00 24:00 00:00 04:00 08:00
it %1

R B (@ 1
E16 S°HMANAEANETHREATALBS

RETEEE
Fig. 16 Maximal Nodal Displacement and Reflector
Surface Precision Under Different Wind

Velocities at Pitch Angle 5°

K5 1800 I 35 2R AEL » HAE IS 7] Py 7 v A BE AT
N [T 9% DA K PR 04 /0N D W o A T R AR 4 4R TR
7~7.5 mm Z [6]; I J5 IF b od R B, B3 %)
00 : 00ZE #4) 2 K19 ;ALK JL-F- T 04 X hy 1 I 25 4y
R C 25 B T — 8 MR,
Fh1 LB 37 75| R 1 5 A T A B 9 s 5 A% e R 44
A A [ R A sl /0 EL S S RS B A S Ak e R
BK.

) XS TREA A 2 45°F0 90" MY BEL, — R p 2
S5 THIKG 2 (L B I 8] 72 A il £ 4 B 6. 05 30 ~
08:00 LKL 17:00~20:00 7 A~ Hi ] B v 2% 4k JE 51
LR S 12 I 8] B A K FH 85 B2 A 38 ¥ 5 R sl /)
T AR SR 1 T 20 R 0 B 3 B A T L ELE A — R
I3 FEAF BES R FH DG 28 BRI L £ 75 75 2R 45 4 oK i IR
555 DX I A A A2 T R s DR A AR B IR P R AR X



% 3 b

. FERAS R ER

BeEM B B AR AR 87

[ — KH#1.5m-s
0.5+ -—-X#E3.0m-s"
=)
£04
=
£03
=t
£02
X
0.1
1 1 1 J o
12:00  16:00 20:00 24:00 00:00  04:00 08:00
i %1
SIS THIAS FE (b)
8r - o
— Ki#l.5m=-s
-—-XJ#E3.0m-s”
6F - MiE4.5m s
g
£
RAr
4\:_{
2-
ke
1 1 . ) == 77 L
12:00  16:00  20:00  24:00 00:00  04:00 08:00
i %)
TR AN (a) %
B17 45 ARAARETREAT MBS

RETEHEE
Fig. 17 Maximal Nodal Displacement and Reflector
Surface Precision Under Different Wind

Velocities at Pitch Angle 45°

- W15 m
- JR#E3.0m s
Kidi4.5m s

12:00 16:00 20:00  24:00
i %
S TR P (b)

12
o
g
=

B 18 °HMAMARRETHEATANES
RETEHEE

Fig. 18 Maximal Nodal Displacement and Reflector

Surface Precision Under Different Wind Velocities at

Pitch Angle 90°

SRR APl A 2 T S R DR T B G T

JEE (L 1) 25 (] 73 A7 5 B A A A 2 ST 1k

(3% TSI A - H ARSI (Y 2 A4~ S S T a2
WA 22 B W S, FLAR 1 B B ) 852 457,
GO RHAM A JL-T-HE 1 b K/AMUN S 2 DAY 7206,
XS T ST IRAM Ay B 45 3 T Ak TR RS L KB
INH P 2 T AL I 5 A D' 55 S S5 TG O A 30 B AT
TE R BH T 119 3 B i 18] B Bt i JL-F- 58 4= R A
R 2 JHE 42550 R A AR5 » DR A L 2 I B B TR
JEE A B 5P M o B R D L s 5 T O Bl 5 K
TETAT A S A 908 2 K L T 6 9K 22 7 B 3 1T B TP
IR B SZER XO

4 £ &

COFESE T 254 75 1B FH 3R 5 28 =00k it e 24
BH R 0 21 25 DX 2% 19 4 mT 3l B 5 45 A it B8 7 H A Ak
BUERR . Z5 0 B 1 25 B b 19 52 2% A B B5E L 48
P R BF R S5 L R s S5 b T A L s O U A R R
JER A AR Y 2] B i R W E T A%
ENOELT R AN R A R ey I N TN S
BRRZ X I 45 B0 AR K0 S s R R R RO i S

(2) Ve FA ] 5 BT & KA — B A A T
X 110 m S it B B 25 M R AT Tl E S 20
A BRICII T - GE it T AS TRRAR Ff1 AN [) X33 T 254
i J3E 577 19 I ] 465 1 R s B R R . 2R AR R
R S P2 2 o) S IR 3 A i RN R
AR I XU A A T R R - B
N S oA T3 534

(3 e et — L WAT T H IR A2 1k 7 B i 2% o
H P B A () XL 36T T2 S S T AR JE Y B 1) ) R 5 0
FAB R T IR RN 73 A i P B AS o SR S A DA R R A
ghas I PIE RIS e 2% .

S & k-

References:

[1] CHAMBERLIN R A. Temperature Measurements on
the Leighton Telescope:Surface Memo No. 2[ R]. Ha-
waii; Caltech Submillimeter Observatory,2003.

[2] DOYLE D,PILBRATT G, TAUBER J. The Herschel
and Planck Space Telescopes[]J]. Proceedings of the
IEEE,97(8) :1403-1411.

[3] LIU N, HU B, YU Z W. Stochastic Finite Element
Method for Random Temperature in Concrete Struc-
tures[ ] ]. International Journal of Solids and Struc-
tures,2001,38(38/39) :6965-6983.

[4] JIANG W C,GONG J M, TU S D,et al. Modelling of



88 HHAEL TRFR 2015 4
Temperature Field and Residual Stress of Vacuum [12] SIEGEL R, HOWELL J R. Thermal Radiation and
Brazing for Stainless Steel Plate-fin Structure [ ] ]. Heat Transfer[ M. 3rd ed. New York: Hemisphere,
Journal of Materials Processing Technology, 2009, 1992.

209(2) :1105-1110. L13] BRGEAR - XIHRT5. H PR AR 409 TR 36 A1 1 e 1 1
5] BRI SE Fo oK B AR G5 %0 A% 32 25 4 1 52 g L M. %) 2% FMBFFELI ], A P24 . 2011,24(3) : 72-79.

e . b et R R 2R IE W AR L 1981, CHEN Bao-chun, LIU Zhen-yu. Research on Thermal

KEHLBECK F. Effect of Solar Radiation on Bridge Field Test of Concrete Filled Steel Tubular Truss

Structure[ M]. Translated by LIU Xing-fa. Beijing: Arch Under Solar Radiation [ J]. China Journal of

China Railway Publishing House, 1981. Highway and Transport,2011,24(3):72-79.
[6] #&se.x A0 0.5, B 65 m 4 BTk (141 F &E.0E & KREEWN )R BE+ 3% 2040 A H IR

B 8 55 4 23 A [0 ). A J 2%, 2012, 29 (10) : 378~ 2200 [T 1. o [ 22 2 4, 2007, 20(1) 1 62-67.

384. FANG Zhi, WANG Jian. Sun Light Thermal Differ-

QIAN Hong-liang, LIU Yan, FAN Feng. et al. The ence Effect on Long-span PC Continuous Box Girder

Analysis on Solar Radiation of Shanghai 65 m Radio Bridge[ J]. China Journal of Highway and Transport,

Telescope[ J]. Engineering Mechanics, 2012, 29 (10) ; 2007,20(1) :62-67.

378-384. L15]  BRSE AR X9 55 855 R BE £ JB0 RS 1 1 1R B2 3% 37 50
(7] ZARAGRER.ZE . ERE A TREE L3 1 RR (77, A 28 B 24 2009, 22(6) : 82-89.

BEA A wF9E[ ). th EE R 2% ,2006,27(5) : 71-75. CHEN Bao-chun, LIU Zhen-yu. Research on Temper-

PENG You-song, QIANG Shi-zhong, LI Song. Tem- ature Field of CFST Debonding Members[ J |. China

perature Distributions in Dumbbell Cross Section Journal of Highway and Transport,2009,22(6):82-

Concrete-filled Steel Tube Arches Due to Solar Radia- 89.

tion[ J]. China Railway Science,2006,27(5) :71-75. [16] BREMER M,GREVE A. Front and Rear Perspective
[8] ROMERO L F, TABIK S, VIAS J M, et al. Fast Heated Prototype Panels for the IRAM 15 m Tele-

Clear-sky Solar Irradiation Computation for Very scopes[ C]//ESTEC. Proceedings of the 28th ESA

Large Digital Elevation Models[ ] ]. Computer Physics Antenna Workshop on Space Antenna Systems and

Communications, 2008 ,178(11) ;800-808. Technologies. Nordwijk: Netherlands Technology Pre-
[9] GUEYMARD C A. The Sun’s Total and Spectral Ir- s5,2005:943-960.

radiance for Solar Energy Applications and Solar [17] CHENG J Q. The Principles of Astronomical Tele-

Radiation Models[J]. Solar Energy,2004,76(4) :423- scope Design[ M]. New York:Springer,2009.

453. [18] DARYABEIGI K. Heat Transfer in Adhesively Bond-
[10] SHEN C,HE Y L,LIU Y W, et al. Modelling and ed Honeycomb Core Panels[]]. Journal of Thermo-

Simulation of Solar Radiation Data Processing with physics and Heat Transfer,2002,16(2):217-221.

Simulink[ J]. Simulation Modelling Practice and Theo- [19] ELBADRY M.,GHALI A. Temperature Variations in

ry.2008,16(7):721-735. Concrete Bridges[ J]. Journal of Structural Engineer-
CLL] XU A R AR 4 ] gl B 5 2 ) 0 8 KRS JBE 4% ol ing,1983,109(10) :2355-2374.

[D]. BRI MR Tolk K2, 2013,

LIU Yan. Structural Selection and Accuracy Control
of the Large Aperture All-movable Telescope [ D].
Harbin: Harbin Institute of Technology,2013.

[20]

GOLDSTEIN R J,ECKERT R G,LBELE W E.et al.
Heat Transfer — A Review of 2000 Literature[ ] ].
Heat and Mass Transfer.2002,45(14) :2853-2957.



