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Abstract : In order to solve the problem of multi-component monitoring in oil production, based on optical fiber technology and electrical
conductance technology, successfully develops a fiber-optic and conductance integrated sensor for multi-component monitoring in
petroleum production. FOCIS simulation model is established using ZEMAX ray tracing method and FEM method. The electric field
distribution of the conductance measurement module (CMM ), CMM response characteristics, the return light intensity distribution of
optical fiber measurement module { OFMM) and OFMM response characteristics, etc. are simulated and analyzed. The measured values
of CMM and OFMM show a good linear relationship with the standard rates of phase content under different oil-gas-water three-phase flow
patterns, and the errors of the measured rates of phase content are all within 5% . The FOCIS on site experiment test was carried out in
a vertical pipeline with an inner diameter of 32mm. The experiment results show that under the working conditions where the gas flow rate
is 5, 20, 40 m’/d, the total oil and water flow rate is 10, 30, 50, 70 m*/d and the liquid phase water content is 50% , 60% , 70% ,
80% , 90% , the errors of the measured rate of water content and rate of gas content are within 5% . Both simulations and experiments
prove that the FOCIS multi-component monitoring of oil, gas and water is feasible and effective
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Fig. 1 Fiber-optic and conductance integrated sensor structure
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Table 1 Structural parameter information of FOCIS

key components
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Fig. 4 CMM finite element model for the rate of water

content measurement

WH5E CMM 35 5, o 3 u W R A — 2 A 4%
PR = U A ABR R o(x,y,2) T Laplace 78 ' Sl
& CMM L3734 o

2

o’u  du  du

2

Vu(x,y, Z)—7 72+§=0 (8)

B T5 FEL A 9 1 E FRAR SR T A 35 5, DBl FE AR SR T
B3

ou L D, D, D, D,

oS, (v=0.r e [‘7"7 U[??]

e[l +L,L +1, +L5])

ou I, [ D, ] [6 7]
e N R E T EE R) e
y S 27 272

e [L,+L,+L, +1L,,L, +L2+L3+L4+L7])

(9)
= SIS DA B S SR o Y o 9 R Rl S = R
HLL 5 Sy A LR R IR

SR 1 e 7 TR A P A ok A R T AR AL AT A% AL,
RA% B ITECR 803 513 >, RIRUE CMM 57K S8 &
FERE X e Sy T B k2B B 5 . BRI CMIML 25 fia] R 2
FE . HTF CMM (¥ LA TR AR I2 Rl X FR 11, CMM 25 ] R
I3 s (w,2) AT LASE SCR =
u(é,.) —u(é,)
u(€,) ~u(E.) 1o
AH:u(E, ) AP 1.5 mm 4 5/ NIRTEALE (x,2) A
EI‘JEE.@,,\‘:PU‘ FRYE G/ N RN I HEAT BT su (€,) 9l

EE PN TR K I B L B w (£,) i P eI UM
HTE’JEE‘QO x,z o AR Y L /N BRI AR 1) A B Al ] a2
Eo W CMM [ RO AT A R NE S s .

HIE P, R W T EAE R ER M B
lx1<0.6 mm ( ¥ 8 A& E) X 5y, B 5
1. 6 mm<z<3. 6 mm v/ & X 38 N, M5 T O A% E i,
RGBT . WU R E 5 AR X (] ) R R 5

s(x,z) =

1.0

0.8

0.6

s/ %

0.4

0.2

K5 CMM ) REUE M
Fig. 5 Sensitivity distribution of CMM

BRI B AR A i 3, oAt B RAEEHEA N 0,
WA B AR D9 B I A X 8

2.2 FAERERET CMM M 45547

TR CMM FEA R K = AR IR I BDIR AR oy mie
RERFPE ST 0P 6 TR 4 Fhfi BT i A BocHa e
AR S BRI K I o PR K HR
ARIBOKIE I BB ZE W . v, i B ARR A, KB R3R
TR, D T N AR XSO KA (8] 6(a) ~6(d) s
TR, E KR4 0. 8.,0.56.,0.4 12 0. 1,

(a) K353 BURAR VA PR ToAR A
(a) Finite element model of water-based dispersed bubbly flow
FOCIS ¥
S A A KA z

(b) K& BOT AT PR TR

(b) Finite element model of water-based dispersed transition flow

K - I)’
X

(o) K& 4 BRI AT FRTCHE R

(c) Finite element model of water-based dispersed block flow

FOCIS sz A

FOCIS 4 AR

AT Iy
zZ
N X

(d) RES BB E A RIS

(d) Finite element model of water-based dispersed slug flow

K6 UK ARG BROTHEAL

Fig. 6 Finite element models of oil-gas-water three-phase flow



% 6 ]

WREESE 45 A7 il = 2 A MDA i S R UL R BT Y 265

DRI K = AR A BROTAR Y i A 2 M [R) 1 24
AU ¥ FOCIS 1 = Bl Ak A, Hovh FOCIS & T 5%
0.4 mm P E—U, W] CMM 7Eil UK = ARIR RS T
ARSI 2K, AN 7 B

i
|

j l An 1 i A
Riirari.

0 10 20 30 40 50
z /mm

A7 AEFBEERAST CMM 25

Fig. 7 CMM response results under different flow patterns
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