55 51 45 6 1] T o Vol.51 No.6
2022 4 6 ACTA PHOTONICA SINICA June 2022

5] i #% 3 : WANG Yuchang, ZHANG Guoyu, SUN Gaofei, et al. Research on Radiation Suppression Method in Indoor
Detection System of Photoelectric Sunshine Recorder[ J]. Acta Photonica Sinica, 2022, 51(6):0612006
TR, ik E P A G A B ORI R e PR SR DT iR R aR (7] 6 AR, 2022, 51(6) : 0612006

Je L H BRI ARG I 2R G rh A SR R O ik
bt 5¢

I@WY,KE R, Gk, NG, kAE, AR
(KB TR Ot TRk, K& 130022)

B E4abe X B R ANEE LI E R 2 REFBEAE, BT — A TR AR ER £ 684
T E,FETTIRIEZARMNAL, AT AERBHBRNAAPFRBHARERNAL, LT 4
PRk, RESFENEZR oM B e PE LA oH  BIRELR N E S E T A
WO AR FINBHRBERAZHEFT —REF T L EHEZT AKX, B0 ENSTREY
FE M ARG IR ke TR, FREREN M AKEBHIE T G, ARG ABEHEM
AR EH T 80Y Ak st iz £/ F 2 W/m* B AHe S A R & T 95% A b, iz £ F 1 W/m?,
W B R K

K LB X H R E RN RIS B B &

HESHES  TH765.22 X ERARIRAD : A doi: 10.3788/gzxb20225106.0612006

0 58§

IR 502 o T G L0 () A ORI T o b S G 2 P0H 8 SO0 oK B 2 i 1 E 36 ) el o 120
W/ m* 945 B I ] /9 B0 A0 I & H R B p {CAS 2 B RO, BB OE R B RO S H BT O TR E DN
Kol B ERR R 68 TR B9 BT EEAT B E A T B A o H R B S A I R BT AR
S AR TR) — S 50 M i, R A A 3R 2 A R B R Bk b DL 2 i I i E O B 2 5 (EROE H T
H R X Fh 7 EAFTEAR R A R , BT 2 J2 S5 AN [R) I 5K 23 0 4 S (B DS g — i 1, S S0KG T 4 SR G
%, R 22 0K, S B 4 2R R = AMR I Y H IR (R 22 YU O 9.3~10.3 W/m?, Jf HLit i 45 SRk L) 52 52
B I AR 5N 52 B 05 2 A 1 24 1 2 R AR e 30 7 JiE BE

FEL A0 X F R T2 P R 00 1 BF 5 O R L 35, 1993 4F PHILIPONA R &8/l FH 35 F K BHA AU 2% B0 % i
AL CEFBA AR BT T — B AR = NI, S B R T H IR AGIN , HORT R 3 (R Fr
1E0.8%0 LA o IE4Fk , B N —Se B S LA AR T 4 T AHOC AW 5T , S245  B SCRE S Bt T Tl kel B
METHAY S RN AR G0, 5 4 R O S AR A BRI RS S (A B % ARSI R SR AR IR 22N T 100, 48
XPRZE/NT 0.26 hy EWE =55 WF0 T H BRI R 5 v (9 SO 4 SR i @ 4 B B BRE 43R T
AR H A8 KR AN PM 2.5 4k JBE DU IR AS SR 2 BORUR 5 22 18] 59 R OG0 222 S HECE et A 005 T 2 40
B RBORT 0.8, B b i Ve 1 3 AR UL 8055 6 S5 1 1) 0 5 o PR AN A6 VRIS T L BRI 2R e 1 R R O v L
SECT R AR G RS HE B R S B R GUAE 4/ R BB LR 2202 3.75 00 IR RAIE T KA SR B n R IR . A
AT AT W 4 BF 5 B (R, R B IR AG I AR S v A7 A A R S O R S A A )
R R Xk 7 B4 8 S A ) 7 A s 2 R R T . R EESEENRN AR AR M E NEEEERT

E&TH 5 A FHE &I (No.20200602055ZP)
E—EE LW (1997—), B WL 5 A, EEHGE T 0 AR ANE R 2 . Email: 1936732373@qq.com
Sf (GEIRIEE) Ik E £ (1962—), 5 #0482 4, EEO5 07 kA B RE S H AR SEd AR SR AR SE . Email: zh guoyu@163.com
Y EHI2021-11-07; R A B #:2022-03-02
http: // www. photon.ac.cn

0612006-1


https://dx.doi.org/10.3788/gzxb20225106.0612006
mailto:E-mail:1936732373@qq.com
mailto:E-mail:zh_guoyu@163.com

P

28 HMEHEARL A1 D0, ] P L 80 A 0 IS A S 0 2 [ B A I ) R S92 B 4 A ) 4 T R RIS 6 A
EHSBOHEA BRI A

Bt BEAT A I AR GE AN AL B — R S ] 5 3O T — i A A S S BE RO R S H IR
NI R 2T . A0 A S AL G2 B0 2 BIOG 20 B 900 ) D B0y il b ol T 2 RS N ) 4 S0 2 i T8, DAAR 0 BRAE G 119
B 5 BB~ R AS B A A BE R R, 3T T R RO TR0 ) R S S AR R R T AR BROAE R AR O B B
f18 ] AT B IS R 55 i i LAAGL I 28 296 v 149 5 2 0, I TG 42 A S S LML R RIS 8 SRS HDL(EL 1Y 2 2
IR AE VA5 S0 D7k B AT
1 XEXBRITRMNAZTEBELSH

Je L H B 3 2 R R BT R T RS BT O AR BER TT B R R, LA A T 1 PR .
Hor, 15 AR IR R I R B R 5T, 25 0 35 A5 RS 5 BE L BEAH L C 5, 0 ) 0 43 R VG o 25 i UM AR A o T

TR B 15 AR AR 0 I 0 25 245 R0 3 5 A R B BN A AE R B Y R P B AR AT, 5 B R E
120 W/m?* e8¢ H W7 & 45 H 1

Photoelectric sensor 2

Photoelectric sensor 3

Bl teXEEHLEMTE
Fig. 1 Schematic of the photoelectric sunshine recorder
T IR B R LAY I EL AR R 3 45 SR A R 3E 999, R R0 AR RLOA P L R A O PH IS A A B
(7] £ B I H B 55 A BH A AR X A2 o ARG T 2R 98 G (5T 2, A0 4 T K BH S DL 88 45T 400K B B 4 e 5 5 % UE
R B PSS A S B R o8 T R BB AU R 2 5 el AT ARSI S A A O i P 2 R R AL (B 5 ) [T 5E H R
T RADL I S v B4 26 5 2% R IR OB 22 1) B AR 2 5 i S T 5 6 S0 ) D7 9 D0 22 4% e A 0l K
E:ORiap A e

[ T T T T T T o e s e e [l e ™ e T e T el T 1 r———="7"77777 |
Xenon Ellipsoidal Optical Optical | |Collimating m m Radiation
suppression
method

Integrating sphere

Irradiance

M2 teXNEBUTZEARNALARMER

Fig. 2 Composition of the photoelectric sunshine recorder indoor test system
2 HERFHERMRFZERERFMERMURS I

S E) H AR O 120 W /m?, B LA /I 885 [a] Al ofis 2 R PRV D045 56 1 0 4 R A O B AL . it
R AR G AR T A UE O b A G A B AMLL5G G 3 A A GRS oA i 3,
AT FEL Y o O PR ASEDL 28 1) B8 T ARV B 2 90~1 326 W/m”, JE BT £ 120 W/m* 1y H I8 {8 (4 55451 K

0612006-2



FRA,AF Ol A H R AR I 2R G v S A R O BRI AT

20

2:nm)

—

Irradiance/(W-m

300 500 700 900 1100
Wavelength/nm

B3 kMR R A W&
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Fig. 4 Calculation of flux in the exit of integrating sphere
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Fig. 5 Calculation model of radiation flux
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Table 1 Solar scattered radiation simulation test

) Disconnected to radiation suppression Connected to radiation suppression system
Theoretical value ) ,
Type JOWom=) system /(Wem ?) /(Wem %)
Measured values Absolute error Measured values Absolute error
1 115 121.5 6.5 115.9 0.9
2 117 124.5 7.5 118.1 1.1
3 120 128.1 8.1 121.5 1.5
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Table 2 Solar scattered radiation simulation test

Solar direct Reference value Disconnected to radiation Connected to radiation
] ) Gears of solar , . 2 . 2
irradiance/ /(Wem ?) suppression system /(Wem )  suppression system/(Wem *)
, scattered irradiance
(Wem ?) a b ¢ a b ¢
1 19.8 39.4 38.7 38.4 20.8 20.4 20.6
115 2 38.4 60.9 60.3 60.9 39.9 39.2 39.5
3 64.6 82 81.3 80.1 65.8 66 65.1
1 19.8 40.8 414 39.6 20.4 20.1 21.8
117 2 38.4 62.7 61.1 59.5 39.5 39.4 39.9
3 64.6 83.3 82.5 81.2 66.5 65.7 65.0
1 19.8 41.7 42 35.7 20.2 20.1 21.1
120 2 38.4 63.1 62.9 58.5 39.6 39.1 40.1
3 64.6 84.3 83.8 82.8 66.9 65.9 65.2
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Fig. 10  Stray schematic of stray light test position of solar simulator
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Table 3 Stray light of solar simulator test

Stray irradiation/(Wem*)

Solar direct irradiance /(Wem *)

a b ¢
115 1.06 1.08 1.37
117 1.11 1.12 1.49
120 1.22 1.28 1.50
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Research on Radiation Suppression Method in Indoor Detection System
of Photoelectric Sunshine Recorder

WANG Yuchang, ZHANG Guoyu, SUN Gaofei, LIU Shi, ZHANG Jian, MING Shanchi
(School of Opto— electronic Engineering, Changchun University of Science and Technology, Changchun 130022,
China)

Abstract: Sunshine duration is an important observation for ground-based meteorological observations.
The World Meteorological Organization defines it as "the sum of the periods of direct solar irradiance at or
above 120 W/m™. The instrument for measuring sunshine duration is the sunshine recorder, and
nowadays, the mainstream sunshine recorder in the world is the photoelectric sunshine recorder. The
primary calibration method is the outdoor calibration method. This method has significant shortcomings,
such as being affected by different cloud conditions and sky scattered radiation value is not constant, which
results in low calibration test accuracy and significant errors. The experimental results show that the
threshold error range of outdoor calibration of the sunshine recorders is 9.3~10.3 W/m’, and the
measurement results are difficult to achieve repeatedly'!’. Hence, the study of indoor calibration systems
that are not subject to environmental conditions is imminent. According to the measurement principle of the
photoelectric sunshine recorder, the test system consists of 3 modules: direct radiation simulation system,
radiation environment simulation system, and radiation suppression system. This paper focuses on the
working principle of the radiation suppression system. The integrating sphere model was chosen as the
initial model for the radiation suppression system. Because the distribution of radiation out of the integrating
sphere is relatively uniform, even if a considerable amount of radiation returns to the radiation environment
simulation system, the impact on the calibration test can be offset from each other. In this section, the
calculation method of the radiation flux out of the integrating sphere is studied. Then the configuration of
the radiation suppression system is analyzed according to the formula. According to the law of conservation
of radiance and Taylors Series, the estimation formula for the flux at the exit port of the integrating sphere
can be obtained. Before deriving the output radiation flux calculation, the effect of the thickness of the
integrating sphere port in the radiation transmission is analyzed. From the direction of transmission, the
radiation emitted from the integrating sphere consists of three parts: the radiation directly emitted to the
outside of the integrating sphere, the radiation reflected by the port to the outside, and the radiation back to
the inside of the integrating sphere. On the basis of the analyzed the direction of transmission in the
integrating sphere, the radiation flux calculation model is established. Then the radiative heat transfer
coefficient is introduced to transform the problem of solving the incident radiation flux into an analysis of
how the radiation is transmitted between the two surfaces. By substituting the radiative heat transfer
coefficients between each surface into the calculation model, the equation for estimating the radiation flux in
a plane at a certain distance from the exit of the integrating sphere is obtained. Based on the formula, under
the condition that the radius of the exit port, the thickness of the port, and distance from the exit is known,
the larger the radius of the integrating sphere, the smaller flux back into the radiation environment
simulation system, which means the smaller the error brought to the calibration. Using Light Tools
software to build models, the radius of the integrating sphere was taken 1 m, 2 m, 3 m. The results show
that the integrating sphere can suppress the radiation, and the sphere’s radius is proportional to the
suppression effect. The experimental results show that the accuracy of direct radiation simulation of the
improved system has improved by more than 80%, and the absolute error is less than 2 W/m*; the
accuracy of scattered radiation simulation has improved by more than 95% , and the absolute error is less
than 1 W/m®. The error of the system consists of two parts: 1) Stray light of solar simulator. But this error
is essentially a systematic error generated during the alignment process of the solar simulator and coupled
with the fact that the specific parameters of the integrating sphere vary. It can not be calculated precisely at
present and can only be determined through actual measurements. It is recommended that the measured
value of stray light be used as the threshold correction value for the current system. 2) The radiation
suppression device. It appears from the measured data that the scattered radiation measurements are
uniform. The principle of the photoelectric sunshine recorder is the total radiation minus the scattered
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radiation. Therefore, in the case of a uniform distribution of simulated scattered radiation, even if some
radiation returns, the effect on the calibration results is negligible.

Key words: Photoelectric sunshine recorder; Indoor verification; Integrating spheres; Radiation
suppression; Sunshine duration
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