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Abstract: In this paper, the high temperature sensing properties of single-mode fiber, photonic crystal fiber, and
gold-coated fiber at 1100 °C, 1200 °C, and 1000 °C were studied based on Brillouin optical time-domain analysis
(BOTDA). The fact of Brillouin frequency shift (BFS) hopping and the coating burning indicated that the silica
fiber should be annealed to reach a thermally stable state. After annealing, the BFS of the three kinds of fibers
increased with temperature nonlinearly. The coating of single-mode fiber and photonic crystal fiber burned at high
temperatures. And the crystallization of silicon doped its mechanical strength, indicating that it can only be used
as a one-time high-temperature sensor. The gold-coated fiber with a higher melting point and better hermeticity
can maintain good mechanical strength after high-temperature annealing, so it is a reusable high-temperature
sensor. The research in this paper showed the potential for high-temperature sensing applications such as

temperature monitoring of turbine engines.

Yis B EA:2022-08-05; 1517 HHA:2022-09-07
EeWH: FEARPFRAT S H (62131018); FHFE HARFHFIESTEDNH (62005055)
TEE R ARMH, 5, BHE%, T, 8 R OCLF L O 8 F5E .

20220549-1



ISk A2

% 10 47

www.irla.cn % 51 %

Key words: distributed optical fiber high-temperature sensing;
photonic crystal fiber (PCF);

(BOTDA);

0 35l

Tl A7 | il DL R B A i AT i e v e BRI
T FE A R, X LA T N 203 22 U AN B DGO Y
PO R Rk A ik shpl . WAL, A2
i A% RN HE ST TR U PR B A A R L R A
J T S ), X AR SRR PR RE R T R R

AT A e EL A TR 0 RS B L PR TR
PR b A SRR /NI A O a5, A e T I 454
PRI AR A PR oA KOG IR AR IR AR REAS 1%
SLAR WA U A AR A 25 ) I8 B8 o0 A1 A B, AR IO 2T
A B B SR A B SO AR 5 1 i dE B B
KOWHE)T . S, 2R R ANz K
P

1A 2O A% s S A3 T = WU 1Ot
i 38 52 &t 3T (Raman optical time-domain reflectometry,
ROTDR)"™ F13 413 5L KIS 9 D6 I 3 S S5 3 /3
% (Brillouin optical time-domain reflectometry/analysis,
BOTDR/A)!""", ROTDR i J5 F i 88, 2R G0 AR 55
%, 2 H R M AR B e 8 — ol A = R R
B 00 2 5 Bl — % 7E 30 km LA R, BOTDA F4 1 25
HYL AR B Tk, 28 m PR A, AT
ROTDR, BOTDA Il &4 Ji£ /&7, 75 1< I 25 3 B il & 7
T HAT — PR,

2003 4F, Luc Thévenaz % A it il T —272~727 °C
ek 2 3 1B P9 PR 2T A BL UK A5 A% (Brillouin frequency
shift, BFS) Bifi it B AF 4 M A8 Ak A7 1, [RIAE, 28K i
SENWFIE T 20~820 °C TG N i AU B2 06 AT
(9 BFS Xof ifik BE AR, -4t 1 38 2ak iR ok mT UG 2R
() BFS fRtE R F R e Bl & . DL Lo A se i ot
T LR ) 43 A O 2R o AT B2 T
2013 4F, Jing Wang % A\ %&F BOTDA Fl 14585 £F 51
LT 1000 °C 1Y ey il 53 A AL U, BRI IE AR
2 RO A 5 A N I 0 1 R T LA B ik A 2 R e
1000 °C i fL /B R 52 . 2016 4F, Yi Bao 55 A Kk
Tk i %9 BOTDA (PPP-BOTDA) il £ T 1000 °C
B RO AR IR, R T AN AR kO Okt
TR IRRAs PERE A s Al — AR 1 AR T,

T

Brillouin optical time-domain analysis

gold-coated fiber

1330 °C, 1E A1 SGLF T I A B J 54 2k — 2B B A T,
Ut B 9 27 RE A7 T 1Y e e T EE IR T 1330 o,
Wi 5 A G AR ELA e S R e A (29 2053 °C)PY, H
T = i AR A B SR A AR AFRE JT . 2016 4F, Bo Liu 4%
AT 15 5 A4 G H ROTDR 45 AR SEH T 1200 °C By
o3 3 e il AR R, I AR 22 0k 3.7 oY,

BT, W R OGRS G LB IR
AAZ, TR ARG LT BRI 7 4733 4 T 22 A
(B2 R RIAEE FARME A R 2 A, REWOLL H
PGSR L b B2 A7 1 B8 A BRE YR
S EOCEFHURER B T R il S A s AR
B R B EDCL 0] LU 435 FA HUBGR B, B
AR S5, I H T LATE 4 Ja 4 a5 B B0 A 2% AR,
2017 4%, Ismail Laarossi 2 A 3 T 45 fE G 2T FEE 4%
£F 3 1+ ROTDR 52 3 600 °C 1 5 il 43 A 2 4% Jk 2
IR FE TAER T — iR B AR B e £ B A
U Sh T R I R 2, (R X T A AR R, %
AT EAERNRE N T E RO, REEE St R
Al FH T o I 8 0 AR AR A 248 A2 1 Talk i H
M, 2019 4, Ismail Laarossi Z AT T AR ZE (B
eV iz 4. &8R4 ) S EF 7R TR T A% R A il
PR S T 3T ROTDR Y K IR EE S 450 °C 43
A7 AL ARG B L R T SEPER, R, P52 her
WAL BE IR 5h 2251k B A4 5) 434, 8 ROTDR 143
SR R 22 . H T ARAL I () BOTDA 1 L)
hE G BE 4 G £F BURE A R 9 U 3 ® M . Rubén Ruiz-
Lombera % A /R T 3 T8 £ 2 BOELF Il BOTDA 1)
600 °C T 1943 A5 2 il A BCT . SR, % TAE IR
FEHE 4 LT AE 600~1000 °C FY 40 A3 AL B

SCH T BOTDA il i 2 AR 3 BB 58 T 8k
£ F IROLEF FEE 4O EF7E 1100 °C. 1200 °C Al
1000 °C B e i f B v, 38 2o X6 A B G 27 1 A HLIH
RS Bk BRI G R 2RI G AT 9E, OF HXP 2
CH B SRR LA BT, 48 A SO EF 3 TR KA g
iR BIAFR R RAS, IR KT ERE AR T 850 °C ik
17, I B H S B AR A8 AR 1 GEF o Bk s
IR FT o 1B K, =FGEF Y BFS Rl 2 Atk

202205492



b Sk A2
% 1049 www.irla.cn % 51 %

s 1 T OCER LT BB, AR5 2 200 °C fiRE
J B A =l OEEF Al B R AR A 3 TR TE . Hop, i
BOLAFOE T AL ml RS T a2k, —
Pt e A i A S EECHD LRI B2 R T B, DR REAE
N — UM e A s AL th T &R E A B
AR RN R A, e TR KR AT AR REAS TR R
U A HUBRGR E, DRIt mT LA Sy — b B 52 i A g dL A%

1 FIENSIGEE

1.1 BOTDA [fIZ

Z WA LM H0S) (Stimulated Brillouin scattering,
SBS) s — Ff G A A AR TG, 2 A G e e B fip
A RONL T 7R A W B Bl ) 5 G £ v AT B 7R O A 3
P e R 0 T R A DI A PRI ' 1 AR 2 A A
HL K 38 25 1% (Brillouin gain spectrum, BGS) ) 47 5
(A JEGEF 297 30 MHz), 503 B ey (9 A8 DGl 2 i ok
T I 7 LR 23 A B B AR SRR AR I

BOTDA J2& 4 T 5 3 -4 5 A 14 B 7 A R ¢,
RIVA I 6 A — I T8 ASGET, BRI 6 I 55 — i ik A S'GET
72 SBS, i 3k 47 i R I 't A AR AR R ek AR 2R D -
DU 03128 22 3145 BGS, 8 if OTDR Ji 31 52 B £
BFS J& A1 920 2T BGS 19 035 5 0 %, FH] T 2l ik
JERAE . BFS A2

chﬁ Va

Vp = /1—p (1)

Laser

50:50
%@)—

K e ACEF LR AT LTI 35 v 7 B A ST
HAEEA TR . IR BRI LA A= e Bl
Ovg 3
Avy = ZEAT = CAT @)

K Co M EECEF B R B W W e EF Y
BFS Fifi B (o g i 2k, 005 A8 80 Cr o PR
T X3 Y BFS AR 46 & Avy, 33 24 (2) 7T LIS
) PR DAY I B A AT, DT AR AR TG AT AR
AU E A
12 KWEE

BOTDA SZ5 3 8 4P 1 frn . OGS ia
1 50/50 #A AR AR, LSRG, RS
o AL PR A SR IK S B 8% (EOM) 77 2R 2R
Tk i, 2300 I 25 BEAL U i Ik 25 5 s B DG LT Ok
#% (EDFA) UK, K5 #E ARFIDEEF (FUT). #RISE
2R O VR AKX B Y EOM Ji5 i 081 il B 28 I8k 400 il W 45
{55900, 1t FE B 88 5 i ARFIEER o 28 6
TR 2R 25 16 e R DG LT (%) BFS, ZERFINDGET Hh & 2R
SBS. # i K AR G B FBG JE 3, 18 1 6 L # 00
#r (PD) BRI, JEE/R i g R A o 38 ok 9 2RO 1Y)
WA R A B 8 AR A I Sl A B DR Y 4 2
RS =4 BGS, il XA — A E LA
4t BGS #ATIBC 2 WA, 42 B B 506 2F 1y 4 A X
BFS {7 555 BUIRLE 14 /8%

REMSGEF A B DG LF (Yangtze Ltd.), Y6 Fibiiot
£} (NKT photonics, LMA-10) F1%¥ 4647, S8 rp fd

OSC

L EOM
AFG
o
L i
PC2 £oN L—

Isolator

& 1 BOTDA IR, (C WA PC A mIRIE T #Y; EOM S GTA S #; DC A BRI AFG AT R &L 4% MG A i PS A
Hlhigs; EDFA B CAF i K 8s; FUT HARANDEEF; FBG A bk Sttt PD JoG M 2%; OSC hR i ee)

Fig.l Experimental setup of BOTDA. (C, coupler; PC, polarization controller; EOM, electro-optic modulator; DC, direct current; AFG, arbitrary

function generator; MG, microwave generator; PS, polarization scrambler; EDFA, erbium-doped fiber amplifier; FUT, fiber under test; FBG, fiber

Bragg grating; PD, photodetector; OSC, oscilloscope)
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Fig.2 (a) Distributed high temperature measurement results of 50 m long SMF sensing fiber; (b) Comparison of the first and second measurement
results; (¢) Comparison and difference of the second and third measurement results; (d) Brillouin gain spectrum measured after annealing in the

temperature range of 25-1 100 °C
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Fig.3 (a) Distributed measurement results of Brillouin frequency shift on photonic crystal fiber; (b) Comparison diagram of the first and second BFS

measurements; (¢) Comparison and the difference between the second and third measurements; (d) Brillouin gain spectrum measured after the first

annealing in the range of 36-1200 °C
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Fig.5 (a) BFS results of 5 measurements at a single sensing point in
steps of 50 °C from 100 °C to 1000 °C; (b) Comparison diagram
of BFS difference between two adjacent measurements with
temperature change; (c) Comparison diagram of temperature
coefficient from room temperature to 90 °C before and after
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