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A Multi-Function Integrated Flow Sensing Technology
Based on FBG

Liu Chuntong Li Hongcai Feng Yongbao Cai Wei Zhao Xiaofeng Yang Zhiyong

Second Artillery Engineering University, Xi’an, Shaanxi 710025, China

Abstract In view of the problems such as the low measurement accuracy. single measuring parameter, large sensor
volume are exist in the traditional flow measurement. and a multifunction integrated flow sensor based on fiber Bragg
grating (FBG) is designed. The multifunction flow measurement using FBG differential pressure type flow
measurement as structure body, and integrating FBG temperature and pressure sensor, thus the fluid flow, pressure
and temperature are measured at the same time. On the base of introducting the FBG sensing principle, the capillary
tube packaging FBG sensor and the blind-piple FBG pressure sensor working principle are analyzed. Meanwhile, on
the basis of analysis the sensing principle of differential pressure type FBG flow sensor. the structure and realize
principles of the multifunction FBG flow sensor are introducted. Using water bath. pressure gauge calibration meter
and integrated flow test plantform. which test the sensing charactors of the FBG temperature. pressure and flow
sensor within the multifunction FBG sensor. According to the test results, the sensitivity of FBG temperature sensor
is 0.015 nm/°C , the sensitivity of FBG pressure sensor is 0.028 nm/MPa, and the sensitivity of FBG flow sensor is
0.068 L/s. At the same time, the temperature sensor is used as a reference, which can solve the temperature inter-
sensitive effect in the FBG pressure and flow measurement.

Key words fiber optics; fiber Bragg grating; multi-function; flow sensing; pressure; temperature

OCIS codes 060.2370; 060.3735; 150.4232

1 5 5
1552 i WL B A W0 AR 10 1 Sl e W ) OGS 2 SR R TELR M i B T 5

WeFS HEA: 2015-01-25; WBIEHRAL: 2015-03-11

EEWH: ENRWFEPL13075)

EBE I XIFM972—), B 1, iR, FENFICHRER DG RER B HT 55 5 T BIESE o
E-mail; liuct72@sinna. com

* BIEEBEE Ao E-mail: honghuang2009@163. com

s106004-1



it e Es il

B A BOR B H 45 DR R RN B R S 5K L A ST AU e T 0 Rl A St (0 B — SRR AT A
B T LA O S LA S A R AN R R T R IR R B R 5 S Z Sk 2 L A3 A X
IR S B MR SE I RE . JCEF AT RIAR M (FBGO A S —Flogh BOG AR oI g 1 » 10 3 5 R A 2R A A5 4y i
THATASE I Z RS B AR R R . SR e A 2 S AR A L AR R BV TR R 2 5
AR T HL R A R AT LB TR RE Ty - 5 T 52 RTRIAL AR I R 2501 o REG Al  T f CRRsRAZ epie
VAR RN R B L 22 A AR TR HR K

FT FBG AREE S AR W) A& I 4 5 Ji B 2 B0 U T FBG it % Jeadie 2 B AT A A 52 56 %
FEMBC Y HEHOE ) FBG i i A B A7) JR B 00 SN U8 e 2 00 D0 it 00 A6 A 2 i 52 2 L R 56
Rl v 22 2580 0 A SAG TR I A R oK o AR R A J LR S R 2654 o g Al AR XS R 0, S 77 AR B
ik L A 0 018 T S B ANTE T o S ey R A A T 22 e e DU AR (HBA L
F2E 530 FBG i A2 RS R SE B 2280 [R] s I 1o A% S O 45 A4 R PE L 2 S o R ] i g 55
A7, X AT FBG iR R B RS B™ i AL M B 2N 2 — o FF X B AL A SCR T FBG
HHUBTTE, L FBG 22 R il o S48 £ A [l 42 5 FBG T g 038 38 A4 86, £ HL R A% S B0 e 4
PR LA s g R BE A TR o e R P T 45 A R R 2 T T G ] T R S AR I
I T L REAS T AL S WA D M ik R R SN S B A PR AR AR D B B A A TR AR TR SR

2 FBG & E B & A% By S s 2
2.1 FBG fRERRERFIE
HRAEFE S B RIE X5 T 584 A6 FBG AP A 47 S R B0 s A 23 0P 43 FEIAR 7 1 — BOG IS 7 A 5
i, BB A A A% S
Ap = ZngA, (D
FEUEA REBESCH T R S s HAR i B ETE MIAS Z a2 . py (D ST st RGHIE A BEGHT R A FET
S AT ne S T RS I RN A% 2 FBG A B MUak i B . VLB S o PR3k 7 FH B ik
IV A FE ] Ags o IO 705 D00 3085 5 55 6358007 AR ] 0 8 8 A S ) A o s D7 785 FRIIAGL B8 A8 A 7= 2 TR )
A = (a+ OAAT + (1 —P)rge = KrAT + Ke, (2)
o o G LR HAIZ K RECNHOEREL P OGRS E R B e Rl AR . Ko K. 433128 FBG
AR 2 AN AR RAEE R B (X BIAN /AT FBG LRI P JL A
2.2 EMNE FBG R EERFIE
FBG A5 5t BA B0 BT R A H 2 i T4 FBG B 4 B2 BRI, 9 5 3 W, o vk B3 T
FRSEPR, SEBnfe T b 75 EEAR A X G R U W B A A 28 R R TR R R . A5 AR R
25 v IR AT T R s SR B A A A B R 45 4 S B FBG RS Al o L2854 SR S R an &1 1 s

/

/

Kl 1 FBG iR s 4 i Je e
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Fig. 3 Structure schematic of FBG differential pressure style flow sensor. (a)Structure schematic of the sensor;
(b) schematic of the FBG paste up on planar diaphragm
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Fig. 4 Structure schematic of differential pressure style flow sensor based on FBG
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Fig. 5 Software measurement interface by FBG demodulator
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