2017 2017

4 Instrument  Technique and Sensor No. 4
1 12 1 1 1 1
(1. 130021 ;
2. 130021)
o 8 000
o MATLAB
° 2 (& o
1.2 km 0.8 Co
:TP29 A 11002 — 1841(2017)04 — 0088 - 03

Temperature Measurement Technology Research of Large Storage Tank
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(1. College of Photoelectric Engineering Changchun University of Science and Technology Changchun 130021 China
2. Changchun Institute of Optics Fine Mechanics and Physics Chinese Academy of Sciences Changchun 130021 China)

Abstract:The large storage tank oil temperature measurements are confined to the electrical sensors having great potential
safety hazards. Based on safety this paper puts forward fully distributed optical fiber sensing method based on Raman scattering.
By measuring and analyzing the back Raman scattered light signals tank temperature information can be obtained. For noise sig—
nal combination of 8000 times cumulative average and wavelet modulus maxima de-nosing method was proposed. When system
calibration MATLAB was used to fit experiment light intensity ratio and temperature data based on three times polynomial curve
fitting. For both light unequal attenuation issues a correction method based on the e exponent was proposed. Finally the system
can achieve large oil tank temperature of different depth within 1.2 km temperature measurement accuracy is 0.8 °C.
Keywords:storage tank; distributed optical fiber temperature measurement; temperature calibration; attenuation compensation;

accuracy analysis

1
Yo
3 2
= v, 11 GHz
N N THZ
v, (Stokes)
o v, (Anti-Stokes) .
Anti-Stokes I,

Stokes I, R(D)

I v
R(T) =1—“‘ = (U—f)“exp( —hAv/k,T) €))

B

22016 - 05 - 23 th sky ;T



89

1 0
JL Bt

BT

FERT «—— >

1
L
{ 3
ct
L_2n 2)
c on o
2
3 >
4
1.32 pm 1x3
( )-
(APD). 212 100 M
A/D o 162.5/
125 um
o 2 o

Stokes
APD

Anti-Stokes

8 000

3.1
7, (1
R(T,) = C) exp( —hde/ky ) (3)
ONNE)
1L_1_ ko R(T)
T =T, " hao" R(T.) )
20 C
100 m -
20 ~ +100 C .
Y
X 1 o
1
Y/C -20 -10 0 10 20 30
X 0.646 0 0.7387 0.8184 0.9094 1.0000 1.0892
Y/C 40 50 60 70 80 90 100

X 1.1774 1.2786 1.3751 1.4656 1.552 1.6533 1.7545

-20 ~ +100 C
5 MATLAB
3 o

B - Figure 1
XHF)  EE|E) ZHV) #BEA0 IBM §HE) =EO) HOW) #EEiH)
NEHdL | BRIAIXTDEL- S| DB | aO

Figure 1

100 /

I 2
e

)
S
[\

26 0.8 1 12 1.4 6 1.8
BB H R X

Y =5.027X° —24.66X* +144.8X =105  (5)



90 Instrument Technique and Sensor Apr. 2017
T, =40 C 0.5 C.
Stokes  Anti-Stokes 2 «/(AT1)2 +(AT,)? =0.008 6 C (®)
CW
2 km 2
e AT:{hAv—TOkBl(nhA;()T)/R(TO) ¥AT )
o Anti-Stokes Stokes AT JAT, o
R(T) =R(T) e """ =R(T)e™ 6) .
el 3 m o
20 C T=40 C 0.5 C.
3.3.2
3m APD
o 10 m 50 C 2
(6) a=-0.12 km™ (5) : 70 3 .
Y =5.027¢" " X —24. 66 X +144.8e" ' X =105 (7) 32
o, o, 2 ;L /C /s
100 m 15 000 50.7 18
3.2 8 000 50.3 10
. 3
1.2 km 5
5m 30 C . 8 000
25 C 5 (
10 ). 5
2 o 10 s
2 0.3C .
/m / C / C /C 3.3.3
395 ~400 30.0 29.8 0.2 A/D Stoke
595 ~ 600 30.0 29.6 0.4 Anti-Stokes 2 0
795 ~ 800 30.0 29.5 0.5 A/D
995 ~1 000 30.0 29.3 0.7 4 .
1195 ~1 200 30.0 29.2 0.8 -
N=8
2 1.2 km 534.0_
0.8 C . %ZEL
° = o N=12
75 100 10 200 250 300 350 400
o MERE/T
3.3 4
3 0 A/D
3.3.1 N=12 A/D
AT, =0. 007 +100 °C 0.3 C.
C AT, =0. 005 C. ( 94 )




94 Instrument Technique and Sensor Apr. 2017

1 10d o
IBA 218.88 GB 1
7 7.7 MB J. 2000 35(7):28 -33.
1 10 d IBA 2 !
2001 36(1):66 —67.
200 GB 7 20 10d ;
7.7 MB IBA J. 2015(4) :95 - 100.
o 500 GB IBA 4 . LabVIEW
20 d ; J . 2016
(4) :60 -62.
. 5 . LabVIEW
J. 2016(3) 274 - 76.
. 6  BISHOP R H. Learning with LabVIEW 7 Express M . s.
4 I. :Pearson Education 2005.
LabVIEW  IBA 7 . LabVIEW M .
ibaFiles. dll 2004
IBA 8 . LabVIEW M .
2005.
(1987—)
° o E-mail :ybk870610@ 126. com
(1952—)
o E-mail:1198419035@ qq. com
( % ) 3
. J . 2014 35 (10):2161
APD -2169.
APD o ! !
2007(9) 36 - 38.
A 5
° J. 2010 37(11) 22750 -2756.
4 6
D . : 2011.
7 M .
. 2005.
8
D . : 2010.
0.8 C. 9
D . : 2015.
o 10
J. 2002 21(1):9 -12.
1 . J. : (1991—)
1996 (6) :34 - 36. . E-mail 1287848898 @ qq. com
2 ) : (1964—)

J. 2007(8) :1 -3. - E-mail:feng_20071101@ 163. com



