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Abstract Based on the temperature measurement principles of double line of atomic emission spectrum, the
photoelectric pyrometer based on silicon photomultiplier is proposed, and the structure and temperature
measurement principle of the photoelectric pyrometer are introduced. Al 1690.6 nm and Al 1 708.5 nm are selected
from the atomic spectra database as the temperature measurement element spectral lines. The temperatures of
aluminum burnt in pure oxygen are obtained by photoelectric thermometer and compared with temperatures
measured by the thermocouple. The results show that the average relative error of temperatures measured by the
two methods is 1.5%, which proves the feasibility of the proposed method.
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Fig. 3 Structure of temperature measurement system

Fz1 oM EN S

Table 1 Parameters of silicon photomultiplier

Parameter Value
Spectral range /nm 400-1000
Peak wavelength A,/nm 500
Photon detection efficiency at A,/ % 20
Gain /10° 2.3
Dark current /pA 0.4
Recommended operating temperature range /°C 0-30
Breakdown voltage /V 27+0.5
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Table 2 Temperatures measured by photoelectric thermometer and K-thermocouple and relative error between measured temperatures

T,/C T,/C Relative error /% T,/C T,/C Relative error /%
813 825 1.5 1543 1567 1.5

936 921 1.6 1437 1459 1.5

1022 1037 1.4 1312 1333 1.6

1143 1160 1.5 1220 1235 1.2

1260 1278 1.4 1156 1172 1.4

1380 1399 1.4 1068 1082 1.3

1454 1472 1.2 954 966 1.2

X R 2 77 A ) D D 4

D ik&nyAams A g . AW &S8R T A& LG A5 AR S, T A LR BT E L
e (1L 5% JBE A0 2 W 50 A WS i R T AR 2 e A T B L I sl 2 7 2 A i G . A S A il B 4 22 R 0 it 2
XU 2 Il 125 R B8 o DT 7™ A 0 5 22

2) I T IS R S BN T R AR A — e, ANERIE LA R RE B . 7R DN R IR R S A ) o
P18 D 22t 2 T S R 22

3) P FE R AR BOE R T

4) AERAS B [EA iR 22

4 4k 1w
e o422 2k 9, 7 7 B D0 ) D0 2k 0 e 0 BT 4 S L3 2 M L AR o U 3 1 £

%7 R AT 0 A A R 2 RN R SR AR AR IR 2 AR VFITE A, B ALT
690.6 nm Al Al T 708.5 nm Ay Ji & i XU 2 00 3tk 75 1) 3l s 1% 2 J2 T A7 009 o L ELAT 4850 v 8 1o AR L

2 % x W

[1] Hao Xiaojian, Zhang Genfu, Zan Qingbo. Thermocouple time constant test system and uncertainty analysis based on

100201-4



54, 100201(2017) BHSNBEIZHE www.opticsjournal.net

(2]

(3]

(4]

(6]

[7]

(8]

(9]

[10]

semiconductor laser[J]. Laser & Optoelectronics Progress, 2016, 53(8): 081408.

RG], TRARH, A0 BT SO AR 0 R R A A )R O K R B AN B AT 1] Ot SOk R R
2016, 53(8): 081408.

Zhou X T, Wang ] D, Huang Z H. In-bore measurements of gas velocity and of radial gas temperature distribution[]J].
IEEE Transactions on Plasma Science, 2001, 13(5): 360-364.

Shao Yanming, Zhao Shu'an, Chen Yanru, e al. Temperature measurement of flame at converter mouth based on
multi-spectral thermometry[J]. Acta Optica Sinica, 2015, 35(11): 1130002.

HRHAET, R, BRIC AN, AF. BT 206 I IR 2 0 B O JOHA TR B IO R 5 (1] 6 R, 2015, 35(11):
1130002.

Guo Xueyong, Li Xiuli, Zhang Liming, et al. Spectroscopy measurement on temperature of explosion products of non-
ideal explosive[J]. Journal of Nanjing University of Science and Technology (Natural Science Edition), 2007, 31(5):
647-649.

WA, ZEFW, KEW], S AR KR LGB E YR B O IEEI [T]. B O R IR (A REE D, 2007,
31(5): 647-649.

Chen Xiaobin, Cai Xiaoshu, Fan Xueliang, et al. Experimental study on flame temperature measurement by double line
of atomic emission spectroscopy[J]. Spectroscopy and Spectral Analysis, 2009, 29(12): 3177-3180.

PRIGER, ZR/NET, S8 R, S R R 5T 00HE £ 1 00 JOHA IR B Y S IR A 5 (0] DG A 5O 4 A, 2009, 29(12) ¢
3177-3180.

Sun Chengqi, Gao Yang, Yang Deming, et al. Spectroscopic method for measuring electron temperature and electron
density of thermal spray plasma[]]. Laser & Optoelectronics Progress, 2015, 52(4): 043001.

IhRE, B, AR, AF L DGk vk I AR BB A AR T AR A TR B R TR R T MOt 5ot m Tk,
2015, 52(4): 043001.

Cai Zhilong, Yang Qiusong, Wang Yang. Femtosecond laser-induced breakdown spectral analysis of Cu-Al alloy
sputtered thin films[J]. Chinese J Lasers, 2015, 42(6): 0615001.

e, BB, EH . ARG AR AT R 5 RO S E g6 A 0] P E#OE, 2015, 42(6): 0615001,

Li Xiuli, Hui Junming, Zhang Lin. Explosion temperature measurement of thermobaric explosive by remote sensing
spectroscopic method[J]. Journal of Ballistics, 2008, 20(2): 91-94.

BFH, B, KR il vk iR RN E IR T 2R BT[] B AR, 2008, 20(2): 91-94.

Sun Xiaogang, Dai Jingmin, Cong Dacheng, et a/. Plume temperature measurement of a solid propellant rocket engine
using multispectral thermometry[J]. Journal of Tsinghua University (Science & Technology Edition), 2003, 43(7):
916-918.

IMBEN, B R, AR, A5, SR T 20k i 18 R KCHT & Sh AL R B T W AR R R iR CH AR B R
2003, 43(7): 916-918.

Zhang Genfu, Hao Xiaojian, Sang Tao, et al. Study on the dynamic response of thermocouple temperature sensor[J].
China Measurement & Test, 2015, 41(10): 68-72.

SRALHT, MBS, R, S Aol (i BE A% AR S A R B AR ERE ST [J] . R, 2015, 41(10): 68-72.

100201-5



