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Reliability evaluation method for wind-resistance of heliostats considering
shielding effects of heliostat field

ZHONG Jie'*, WANG Jiuquan'?, DAI Kaoshan', YANG Zihang'*, LIU Yangzhao'”

(1. School of Architecture and Environment, Sichuan University, Chengdu 610065, China;
2. Key Laboratory of Deep Earth Science and Engineering( Sichuan University) , Ministry of Education, Chengdu 610065, China)

Abstract; Heliostats, as the core solar energy concentrating elements in tower solar thermal power plants, require
accurate evaluation of the wind-resistance reliability to ensure safe and efficient operation of the power plants. To
address this, a wind-resistance reliability evaluation method for heliostats considering the shielding effect of heliostat
field is proposed. Firstly, wind tunnel pressure measurement tests were conducted on a heliostat field to obtain wind
shape coefficients of the mirrors, and measure the shielding effects of the heliostat field based on its spatial
variations. Subsequently, by combining random wind field simulation, finite element simulation, and probability
density evolution theory, a wind-resistance reliability evaluation method for heliostats considering the shielding
effects of heliostat field was established, with the mirror stress, deformation, and surface slope error as response
indicators. Finally, taking a group of small heliostats in the heliostat field as an example, the influence of the
shielding effects of the heliostat field, mirror pitch angle, wind direction angle and other parameters on its wind-
resistance reliability was investigated. The results shows that the reliability of the helopstats on the outer side mirror
of the heliostat field was significantly lower than that on the inner side. The reliability of the outer side was higher
than when facing the wind compared to when facing away from it. In addition, for the heliostats on the outer side of
the heliostat field, their reliability shows significant variations with changes in wind direction and pitch angle,
whereas the reliability of the inner heliostats showed minimal variation with these parameters.
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Fig.2  Prototype and model schematic of heliostat
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Wind-resistance reliability evaluation method for heliostats considering shielding effects
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Fig.3 Layout of pressure measuring points on mirror panel
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Fig.4 Layout of heliostat field for wind tunnel tests
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Fig.7 Wind load shape coefficients under 0-0 working conditions
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Fig.8 Extreme values of wind load shape coefficients

0.16 0.15 0.16 0.28

029 0.14 0.15 0.12

OR2TRROON BOS7N | 0.12° | WO@S

028 021 028 021 032

022 024 032 030 027

(a) 24 R K AE

-0.15 -0.18 -0.17
-0.11 -0.25 -0.17 -0.24

-0.21 -0.24 -0.26 -0.24

(b) AR R HR/ME
8 (REIRHHRE

-0.91

0.63

0.46

0.28

0.10

0.43

2.2 HEITR

PL“5-6-127 22 H 55 7% IR PY 500 i i AUz {4 7
RBCHIEIR, 08 45 T BN N A B AR T 00 457
PRI 2 B/ IME % T 55 0 3 AU B AR R T 1A
Y 2B R AE A% 5 i I XU B AN T

FRPE X 560 25 51, 5 S Befe AR T 0 4 5
80-0 F1 80-140, {4 % Z %443 54 - 0. 91 F1 0. 37;
6 SHR AR TH 45k 60-0 F1 80-140 , 1A T 22 %
AR =0.56 F10.96;12 S8 AF] T 45
40-20 1 60-120, (&7 Z 505 51 - 0. 41 F10.29,
IEAh , BEEZE 456 Eb T 000 LA 8 X ARFAD £ AR )
FAXTHUR T RERE R RZ . 2 1 AT BT s &
THMEAERFE,
2.3 RERESH

Bt HL X377 B4 S0 23R 3% RN AR T oR 555 U 56 A
[7], >4 Karman 3% 1 Davenport A1+ pR%L .

4xa?

5.00) = 70, 8:0)

w /C (x, —xj)2 +C (z _zj)2j|

w(v, +134)

(13)

Coh;(w) :exp|: -

(14)
o S MU [ 1) Jk Bl R 7 2 5 n SRR 5 o =
nLt/U(z) Ly g\ i AR5 RUBE | B 100 +/2/30
(x:,2,) (x;,2,) A3 R 5 © R j AN BERUS R AR 5 0,
v PR ER LA S BRSPS KU m/s ;5 C L C,
GIA T3 IR) R 2 5 1] RN AR AR, 3SR 16 110,

®1 PMERIAMER

Tab.1 Information on the selected working conditions
e TS BAPRE (HHSEHE R) R/ (mes 1) 45
1 80-0 18.8 5 ST U AN F
2 80-140 18.8 5 558 6 S IE XU s AR
3 60-0 IEH A (R 18.8 6 58T WU A
4 40-20 18.8 12 SHEE Km AR
5 60-120 18.8 12 S E X A H]
6 0-0 FEHLERAT (8% ) 49.2 A A A
7 80-180 13.8 ST L2
8 80-180 18.8 AT L 2H
9 80-180 24.4 ST L 2]
10 20-0 18.8 A £ % E 2l
11 40-0 18.8 RFA R T 2
12 60-0 " —_ 18.8 R £ X6 LA
13 80-0 EXER(FERR) 18.8 RFA R T 2
14 80-0 18.8 K] FfxE G 2H
15 8040 18.8 A FxE H2H
16 80-80 18.8 A FxT G 2H
17 80-140 18.8 AT £ % 2
18 80-180 18.8 e FxT EG2H




.88 moR IR

NN AN

%57 %

2 N BEHL I B B R SE S BOR(E,
H, R F BT AR — 2 K B R
R 2 IR v A 0 T A AR AR ORI

FRMESE AT AR O 1 77 B R B ISR B, AR 304
BIEL 144 F1 17144,

®2 RFRINSHEUE
Tab.2 Values of wind field simulation parameters
WALIR 0/ JRSEEIT BRI e TR WS KU 10 m 7 BEEEA A HA R K
(rad-s™!) Wik N At/s 1/s HeHl B o/ (mes™") BeE MR HUIH
2m 600 0.5 600 Davenport A 0.12 13.8.18.8.24.4 49.2 144 1/144 48

P9 Sy XTI 4 56 S 00 1 By 32 % 85 BE | b U
Karman D)3k % i 1k 2 7R — [ 4E 030016 A6 il 1Y
144 Z A M XA 2 1) F- 12 T 38 338 23 B2 A %o L 46
o ATLE M, KURBLL A D) #6355 Karman 335 8
AT IR R G B A Y 1 R R E T
TR — B AE AL BY AR 435 5 Karman 3% /5 B T
&, VLB NI R BESCRAR G | B XU e 42
i, AT RS ni AL,

10°

10"

1S,(zf)e?

5

10

A PR

107
10

10"l 1(.)° 16‘
LU,
9 INEEFERILL

Fig.9 Comparisons of power spectral density
INBUE HIR4 B RTRE
&1 10 R AT BRITEE ANSYS #3719 “5-6-127
FE H kG aifb A BROTH RS, Horp BT 7 A DA S %
FEPFR 7S B0 SHELLIS1 B8l 5044+ 4 11 Sz 4
KGR0 BEAM189 BI4LL, UK Sl A1 A4 SR 55 44 5
JG SOLID185 Z84%, AR ZE B E W . W % H]
0235 4N, FRPERLE A 200 GPa, B4 7 850 kg/m’,
THFA L6 0. 35 B2 1 O B8 1 38 38, S0Pk B
70 GPa, ¥} 2 500 kg/m* JAFA LM 0.23,
2.5 HEEE

PP S BE T 7 DAAS R 3 B T AR ) 254 1

IR PR, BIE A 45 MPa; {837 2825 F 85 i 1907 7 LA
BRI K A 3 IR R BR , BI(E R 25 mm 5 T
VR T RPRRZE ISR IR 5 A I RS
MR 1% HBE B i RARIE IR S 1 740. 98 m,
B 180 m, WIER Hoh 40 m, BN 220 m, &
THEJE1F B RBR IR Z BN 15 x 10 7 rad,

2.4

(a) AL

(b) B4R FRTHLRY

BRI 2— 28 3— T b 4 —E M S—IRBhHILA
6—RIBAE 1,
10 FEHREHFRTER

Fig. 10  Finite element model of heliostat structure

3 NAEHBHEUHELER

AR A FAGL RS A B AR RO KR 2 FE T4
K11 A 00 TGN 49.2 m/s B 3 46
T P49 I8 0 AR AL RS RS AN (B O M3 43 A R, T LR
tE 5 THT P 07 3 AR {1 A7 % A0 {350 A% 8 1 X o7 5 1L
45 MPa F125 mm, BV HHT AT SEEE R 1,000, KB 1E
49.2 m/s BB XU T /N E H 5SS & & A 4
FEIR

3.1



%510 4 BhAS, A5, 5 EBTREE RSO 12 H BT AT S B P4l vk -89 -
3.2 URRIREAIERHOTIRA EE TR
. Bl 12 25 TR 1 & FEREAF T T iZH
FEHEE 3 AT EE R RER IR ZE W IR A1 R4
2k LA & 80-180 -4 T KU 4351k 13. 8 .18. 8,
. 24.4 m/sHETHE W IHER M BRETINZL
g B, A 12 (a) FIE 12(b) FiR 785 SHiTT
2 WURHRAFI TIUF 5 5 .6 S 12 S BT T 4
%g FERR M 0.952 0. 823 Fil 1.000 ;6 54515 KA A F)
P THR,5 5.6 5 F 12 588 AP R AT 5 BEAR K N
0 5 10 15 20 25 30 35 40 45 50
i 0.996.0.998 H11.000; & 12(¢) .(d) FIE 12(e) M|
(a) J50/3 7T 5 FE Bl 45 M 12 SEEE KR AR LA K 3 A H B8R IE WU AR
FIRFA T3 DT ATSERE YA 1.000,
HU HE 12(d) FIE 12 (e) ATLLE Y, & HEE
= S50 THT 0 AU () 5T XU AT 5 BE AR T 0 H B 4544 1F 1T
E AR ATEERE . FIREIR FE S A ES i E
3 (P S ) ARG TR U S HB L B
= AL FEa a5, 1 i R Sk 3 AU I B 7 1)
WeT) s H B, BTHERY I 22 08 H 523 16 i 25 1Y 4
] e Aﬂ“ﬁiRWWT%mHMP%%M%W%ﬂ
i /mm B BRI B C A E F B AR
(b) £ A 42 B i 2% AR 2R, B R AT SR BE AR, SO b LY BE
Fig. 11  Reliabilities of mirror surface under 0-0 working conditions BRI H a7 200 XU S B 38R I T R T S
1.0 g . 1.0 . 1.0
0.8 { 0.8 0.8}
E 0.6} ﬁ 0.6 ﬁ 0.6}
5 041 _Fgﬁg 5 04 _+€§ﬁ 5 04t
£ 0o e B oo It S
0 5 10 15 20 25 0 5 10 15 20 0 5 10 15
FHEIR Z/107rad FHRIR Z/107rad FHERIR Z/107rad
(a) 80-0 ¥t (554 KA AF]) (b) 60-0 .. (6551 R A Fe A FD (c) 40-20 ¥ (125853 KA e AFI)
1.0 1.0 a 1.0 e
03 03 08 /L+ﬂ&8m65§
5 " 5 5 " e
o6 = 06 = 0.6 ;o188 m/s 55
E 04 ﬁ 04 ﬁ oal 5 e 188mis 6
£ £ marr- SR Sk | wamast
0.2 0.2 DKL 021 &el [/ 244 m/s 62
‘ . ‘ 1258 ‘ S Hkmmﬁé%
0 5 10 15 0 5 10 15 0 10 15
FHRIRZ/107rad FHEIRZE/107rad FHERIRZE/107rad

(d) 80-140T % (5. 65 EIERAHTRAF])

(e) 60-120 T (12551 1E K ) & AF]D
E12 HAFAFIRTRNRREMESfHEL

() AN TR KGR T A% 2 45R 22 23 A R 4R

Fig. 12 Probability distribution functions of slope errors under the worst working conditions
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Fig. 13 Influence of pitch angle on wind-resistance reliability
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