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Non-intrusive optical fiber flow measuring system
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Abstract: A non-intrusive flow test method based on turbulent vibration principle is proposed. The
method wounds a specific length of sensing fiber tightly around the outer wall of a pipe and connects
the optical fiber gratings at both ends,then the sensing fiber and the optical fiber gratings compose a
flow sensing unit. When the fluid flows through the pipe, the dynamic pressure is generated by the
turbulence, and the dynamic pressure causes the light phase shift of the sensing fiber to change. The
phase information is demodulated by the fiber optic interferometer technology, time division multiple-
xing technology and phase generated carrier modulation and demodulation techniques, and the flow
was detected in line. The experiments show the relationship between phase change and flow rate is a
quadratic curve and the fluid flow monitoring range of the experimental system is from 5 m’/h to
50 m’/h. As the optical fiber is to be a flow sensing signal, the method is characterized by a simpler
structure, higher sensitivity. It overcomes the shortcoming of an optical fiber sensing flowmeter in
intrusive flow, and is an idea real-time monitoring method of flow for oil well logging.
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Fig. 2 Optical path of non-intrusive flow experiment

5 | Acomtooptic] |,
modulator




2004 ﬁ%%

T TR

522 %

Jikm 1~8 b B i B VT A BIALJRAR 1~8 BRAE
BAF L SR S5 5 PGC i I8 F % ik ] D 3 2
FEJ1 5B AR AZ A5 B . i 3 Bios, £E il A
LEATE T8 LR T LR R BEAT 0 IR A
H Je i 2o 7 P R B RO O

K3 LT i i R g S 1R
Fig. 3 Physical graph of fiber optic flow sensor

M Pos: 3.480us

Tek ANk, : Stop

12345678

M 2.50us

B4 AR T Ik oh e 51 1E
Fig. 4 Interference pulse sequence from fiber optic

flow sensor

3.2 EWERSIZIT

SEH AR AN 5 R, 38 R A K AR
W) S B 1 A o PR R O i I T R o i e h
(S PRt Al . SCIR B WA 6 Frs . IS5
R R s - A NS SR FE SR

Optic flow modulation and demodulation instrument

v M Mor Mo M) g

Infall

g ba

W
- Valve A Valve B \" -

\ *,
AN
\‘ * WOutfall

—_— .
— <)
Optic flow  Electronic flow meter  Pump

meter

K5 U E S RGN B

Fig. 5 Diagram of flow experimental system
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Tab.1 Data of flow experiment

WaE/(m® « h™") OBLIR/V | WE/(m® « h™D) SR/ vV
6.9 0.020 943 11.2 0.032 54
12.3 0.034 193 14.6 0.047 118
16. 3 0. 055 52 20.8 0.074 129
20. 2 0. 07 26.5 0. 089 088
24.4 0.080 741 27.5 0.095 4
27.6 0. 095 166 28.4 0. 104 809
30. 2 0.113 709 31.5 0.120 912
37.4 0.165 1 39.3 0.169 503
46.5 0. 250 52 43.5 0.212 8
47. 8 0.282 53 46.5 0.241 4
49.4 0.294 027

S %30k :

A BVER I R — R R N 2R
)], B Ak . 2004, 32(1) :52-55.
XU T,ZHOU H G,SUN X CH. A new underground

fiber optic multiphase flowmeter[]]. China Petroleum

Machinery, 2004,32(1):52-55. (in Chinese)
AR AR . AT R RS R LT,
K BAZ B R . 2007,141(3) :58-61.

ZHANG Q. QIAO X G,FU H W. Advances in fi-
ber-optic flowmeters[J]. Study on Optical Commu-
nications,2007,141(3) :58-61. (in Chinese)
RIGSE, B A, Tk, N R OGS N ) 1 3 e
[J]. k% #H%42,2011,19(12):2891-2898.
ZHANG X P, GAO C, WANG F. Stress transfer
performance of strain sensing cable[J]. Opt. Preci-
sion Eng. » 2011,19(12) :2891-2898. (in Chinese)
A ML S0 B O, BURSSK M 4%
SR KL k% #% T 42,2012,2011):
2412-2415.

ZHAO E M,LUO SH ZH,YUAN L B. Preparation
and performance testing of fiber-optic O, sensitive
probe[J]. Opt. Precision Eng., 2012, 20 (11):
2412-2415. (in Chinese)

) A Ak S RGE , F B B SOE R T A  AF 1 RR
TP SR BE 2 G TR 4 AT R R 5 43 AT L.
4rsh 5ok T42,2011,40(3) : 501-504.

TAO P L.YAN F P, YIN G L. Effect of spectrum

AR S i i PR Sl I BESE L T R R AR R A

D T AR BOG 2F I BT ER AR Y
BRIG . R TG AT I AR i L IR 30 7™ A2 19 2l 25
VAN ER=R LR DI KA R T VAN i N VA R
5 A U OGRS B T AR R A K

5~5

0 m®/h it A SE AL . SER R B, TR

DR A2 9175 0T 00 e RS BE B L AT 504 5 fH/
T T S AR BN S HO R AR, T —
AR Bl Se S /MR =S O T AR AR =
IR 2 oK T

L6]

7]

(8]

(9]

[10]

distribution of light source on sensitivity and preci-
sion of two-beam interferometric optic-fiber sensor
0l
(3):501-504. (in Chinese)

REA, REARA. JGLF MR B AR A TR Y R
AL, P ERE, 2013,6(3): 306-317.

XU G Q. XIONG D Y. Applications of fiber Bragg

Infrared and lLaser Engineering., 2011, 40

grating sensing technology in engineering[ J]. Chi-
nese Optics, 2013,6(3): 306 -317. (in Chinese)
E LRI WS AN GE S BT [ R
Wb L], & A% ,2004,18(4) ¢ 1-3.
LTI Q M, GAO ZH W, BAI H ]. Fibre-optical
flowmeters in petroleum areal J]. Petroleum Instru-
ments,2004,18(4) :1-3. (in Chinese)
ROBERT P,JONATHAN D,ALAN G. Flow rate meas-
urements using flow induced pipe vibration[J]. Jowrnal of
Fluids Engineering, 2004,126(3) :280-285.
FRLAHREHFRR. BT IR LY T4 il U
A Sc s BT FE (1], 5 B4k 71 5, 2007, 21
(1):77-81.
LI K, TANG R M, XU H Q. Experimental and
CFD research on non-intrusive flowrate measure-
ment using flow-induced pipe vibration[J]. Journal
of Experiments in Fluid Mechanics, 2007,21(1):
77 -81. (in Chinese)
MATTHEW T,ROBERT P R, MAYEIS D. Ex-
perimental and numerical investigation of turbulent

flow induced pipe vibration in fully developed flow



2006

k% TR

522 %

[11]

[12]

[13]

[J]. Review of Scientific Instruments, 2004, 75
(7):2393-2041.

WU X Q.TAO R,ZHANG Q F. Eliminating addi-
tional laser intensity modulation with an analog di-
vider for fiber-optic interferometers [ J]. Optics
Communications,2012,285(5) : 738 -741.

LIU Y L,ZHANG W T. Fiber laser sensing sys-
tem and its applications [ J]. Photonic Sensors,
2011,1(1):43-53.

AR T F M b oL MR 5 H M. JE 5 HL
BTl H R . 2004,

Mechanical Design Manual Editorial Board. Me-
chanical Design Manual [M]. Beijing: Mechanical
Industry Press.2004. (in Chinese)

EER N

M R1981 ) B IR E RN,
-+, B BEAIF ST B L2008 4E T B 2 AR
KRR FARH A 24 L, F 2N LR 1%
VT S a NN |l 4 548U [ -2 NS [ 1 B R O
mail: sy81012607@163. com

[14]

[1

]

R, A0 A WA MBI R AR R
ZMHMBIEL] 2% #HF T4, 2013,21(5);
1116-1121.

ZHAO ZH L,XIA B C,CHEN L H. Self-correc-
tion of phase step error in phase shifting interfero-
metric measurement [ J ]. Opt.  Precision Eng. .
2013,21(5):1116-1121. (in Chinese)

LA, A ER R T T WIS EMERL
EFHOE 4 BB I J7 2k (1], F B ok, 2012, 39
(6):0602013.

MA M X,HU ZH L,XU P. Mode hopping detec-
tion for fiber laser based on dynamic phase changes
in interferometer[J]. Chinese J. Lasers, 2012,39

(6):0602013. (in Chinese)

(RIETE REWWT FEEH)



