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Fig. 1. Schematic of the temperature sensor array: (a) Structure of the weather station; (b) front view of the

radiation shield featuring a tube-shaped; (c) side view of the radiation shield.
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Fig. 2. (a) Schematic top view of the radiation shields; (b) relationship between the airflow angular range

and platinum resistance sensor.
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Table 1. Material properties of the temperature sensor

array.
poen) %}E_/ ??F@_ﬁ/_ m%z/_
kg-m~3 Jkg=1k™1 W-m—1.k1
R 2719 871 202.4
ABS #k 110 1591 0.2
1 21450 138 73
R 10500 230 421
AR 700 2310 0.173
WA 33 2230 1.256 1.2
ke 3900 840 35
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AR 80%, 95% F187%. WFEH /AT Wik 3 fiow.
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Fig. 3. (color online) Simulation results of the tem-

perature field: (a) Temperature sensor array; (b) A
temperature sensor equipped with a traditional radia-
tion shield.
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Fig. 4. The relationship between solar radiation inten-

sity and temperature rise induced by solar radiation.
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ARG D9 00—360°. I Id B FH K BH AR S 5 5 7y
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Table 2. Calculation results of the temperature rise caused by solar radiation under different airflow direction.

S () PR Em I THR 2 /K Fi#ﬁdfﬁféfi%%

#1 49 43 44 45 46 47 SRR /K
0 0.039 0.04 0.596 1.992 1.085  0.619  0.209 0.039
30 0.643  0.041 0.04 1.187  2.341 1.978  0.307 0.04
60 1.580  0.595 0.039  0.151 2.546 2.043  0.474 0.039
90 2.129 1.707  0.653 0.04 0.663 1.714 2.152 0.04
120 0.602 2.275 2267 0113  0.041 0.592 1.651 0.041
150 1.569 1.535 2.363  0.695  0.039 0039  0.705 0.039
180 0.213  0.651 1.175 2.085  0.632  0.041 0.041 0.041
210 0.398  0.071 0.579 1.297 1.674  0.556 0.04 0.04
240 1.927  0.291 0.042 0927  3.347 1.517 0.56 0.042
270 2.176 2.671 0.485  0.041 0.475 2.746 2.201 0.041
300 0.523 1.686  3.062 0927  0.042  0.355 2.029 0.042
330 0.041 0.64 1.964 1.415  0.668  0.079  0.559 0.041
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180° B, 43k #£6 1 47 [ 48 5 T il 5 AH 7] H 5/,
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0.041 K. 43t J7 1] A1 FEAE 0°—360° Z A AZ AL I,
i 271 QUL A SR A 0 i e T IR B A KB S /M
2 1A (2248 0.003 K. Al %0, SR 07 A AR AL
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73 1) 1 AR AR 5] RS 1 B 2 U P A U 8 A i T i
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Fig. 5. Plot of airflow rate, solar radiation intensity

and temperature rise caused by solar radiation.
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Table 3. Comparison of corrected values and measured results of the temperature rise caused by solar

radiation.
i /h LIRS v LTI R LiEE IR 1@‘E1E%iﬁﬂ%{ﬁ
/W-m~—2 T /m-s™1 fEIEME /K MEAE /K 2 E/K
2015/10/27 9: 00 760 0.8 0.0189 0.01 0.0089
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11: 00 892 0.9 0.02 0.05 —0.03
12 : 00 1002 1.8 0.0118 0.05 —0.0382
13 : 00 1037 1.8 0.0122 0.04 —0.0278
14 : 00 970 0.9 0.0217 0.03 —0.0083
15 : 00 900 0.9 0.02016 0.06 —0.03984
16 : 00 660 0.6 0.0213 0.01 0.0113
2015/11/2 9: 00 730 1.2 0.0126 0.03 —0.0174
10 : 00 860 0.9 0.0193 0.01 0.0093
11: 00 945 1.3 0.0151 0.03 —0.0149
12 : 00 907 0.9 0.0203 0.04 —0.0197
13 : 00 890 0.9 0.0199 0.06 —0.0401
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Abstract

Until now, the air temperature sensors inside thermometer screens and radiation shields are affected by solar
radiation, which causes the measuring result to become greater than the actual temperature. The temperature rise can
reach 0.8 K or even higher. In this paper, a temperature sensor array design is established for obtaining high precision
measurement results. The temperature sensor array consists of an array of radiation shields which features a tube-shape,
a platinum resistance sensor array, an aluminum plate with a silver mirror surface and a temperature measurement
module that includes a high accuracy thermometer circuit. There is always at least one radiation shield that supplies
relatively good ventilation under any airflow direction. A computational fluid dynamic method is implemented to analyze
and calculate the temperature rise induced by radiation under various environmental conditions. A correction equation
of the temperature rise is obtained by surface fitting using a genetic algorithm. The measurement accuracy can be
further improved by this correction equation. In order to verify the performance of the sensor array, a forced ventilation
temperature measurement platform is constructed, which consists of a platinum resistance sensor, an L-shaped radiation
shield and an air pump. The airflow rate inside the radiation shield can be up to 20 m/s, and the L-shaped radiation shield
can horizontally rotate under the control of a software to minimize the error caused by the heated radiation shield. The
temperature sensor array, a temperature sensor with traditional radiation shield, and the forced ventilation temperature
measurement platform are characterized in the same environment. To experimentally verify the computational fluid
dynamic method and the genetic algorithm, a number of contrast tests are performed. The average temperature rise

of sensors equipped with the traditional radiation shields is 0.409 K. In contrast, the temperature rise of the sensor

* Project supported by the Special Scientific Research Fund of Meteorological Public Welfare Profession of China (Grant
Nos. GYHY200906037, GYHY201306079), National Natural Science Foundation of China (Grant Nos. 412475042,
61306138), Colleges and Universities in Jiangsu Province Plans to Graduate Research and Innovation, China (Grant No.
KYLX15_0866), the Open Research Fund of Key Laboratory of MEMS of Ministry of Education, Southeast University,
China (Grant No. 2013-3), and the Priority Academic Program Development of Jiangsu Higher Education Institutions,

China.
t Corresponding author. E-mail: yangjie396768@163.com
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array is as low as 0.027 K. This temperature sensor array allows the error caused by solar radiation to be reduced by a
percentage of approximately 93%. The temperature rise of temperature sensor array, caused by the angular variation of
airflow direction is on the order of several mK. When the solar radiation intensity and the airflow rate are 1000 W/m?
and 0.1 m/s, respectively, the temperature rise is 0.097 K. The temperature rise is 0.05 K, when the airflow rate is
greater than 0.4 m/s. The temperature rise can be reduced to 0.01 K, when the airflow rate is greater than 2 m/s.
The average offset and root mean square error between the correction equation and experimental results are 0.0174 K
and 0.0215 K, respectively, which demonstrates the accuracy of the computational fluid dynamic method and genetic
algorithm proposed in this research. The temperature measurement accuracy has the potential to be further improved

by utilizing the computational fluid dynamics method and the genetic algorithm.

Keywords: radiation temperature, temperature sensor, sensor array, computational fluid dynamics

PACS: 42.81.Pa, 47.11.j, 47.55.pb, 92.60.Vb DOTI: 10.7498/aps.65.094209
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