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Study on detection method of oil-water multi-interface
based on planar capacitance

Song Zhen' Lyu Zhonglei' Mai Yang’

(1. School of Mechatronic Engineering, Southwest Petroleum University, Chengdu 610500, China;
2. Sichuan Honghua Petroleum Equipment Co. , Ltd. , Chengdu 610036, China)

Abstract: Water content is an important indicator to measure the quality of crude oil. In the process of production, storage and
transportation of crude oil, the interface of oil-water mixture is constantly changing. Thus, high-precision sensors are used to detect it in
the whole process. In this article, an intrusive planar capacitance sensor was designed based on the capacitive edge effect. Its main
structure consists of a substrate and a planar electrode array. The 8-electrode array sensor model was established by using finite element
software. The electric field distribution of different electrodes was studied, and the detection sensitivity and imaging accuracy of the
planar capacitive sensor were analyzed. In addition, the influence of the width, length and adjacent distance of the electrodes on the
sensitive field distribution of the sensor was studied. Through the image reconstruction of the dielectric distribution, the designed planar
capacitance array sensor can detect the height of the three interfaces, and the size parameters are optimized to improve the imaging
accuracy of the sensor. The feasibility and effectiveness of the method of using planar capacitor array to detect oil-water interface have
proved by experiments.
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Fig. 1  Electrode design structure of sensor
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Fig.2 Schematic diagram
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Fig.3  Electric potential distribution diagram
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Fig.4 Data diagram of capacitance value of empty/full field
B BRI ) TR AT AT ST, R B I 1 JA A8
A, BRI R Tk K R K
L], T LAAS UOR T 3 Ak, 25 AR
PN REOA R P57 v 0 RO T AT AP
BRRETAL 8D 7 BB, AR I A5 AL JE g 14 0 57 L 7
B K, AT TH5E Y 28 A L AR RUR S, AR A AR A B R X2
B AW EI 1-2.1-3.1-4.1-5.1-6 1-7 . 1-8 3£ 7 PiE
T IR GO, HAR B T LA LA 7 iy K v it
FRTE

1) WA BRICER At 1 A Bl 2 o Bisf 1 L35 5
GrECEFE KU 4408 EL o, FA R A i it

KWy E, \E, \E, E5 Eg E, F1 Eg;

2) FERCE R S A S RIS, =— (Exl.
- Ex2 + Eyl. - Ey2) 15430 RGUE R | R 2 [HY
RPPEE HAR R R 55 1-2.1-4,1-6,1-8
B REIHE A 5 FiR

120
100
80
60
40
20

100 200

y/mm

0 100

200 300-100 ©
X/mm

(a) 12

K 200
=30 M

50100 150 200 250 300 °
x/mm

(b) 14

y/mm

20(
100

50 100
150200 250 300100~ y/mm
x/mm

(0)1-6

=5
-10
-15 W/ZOO
100
0 50100 150 200 250 3091000 y/mm
x/mm ’

(d1-8

K5 AR R 0700 A

Fig.5 Sensitive field distribution

between electrode pairs



- 182 LSRR R e o $36 &

Krfr.c,, BT, C,, AR/ K, %
3 RRSEBEBRTSHITSRNK R, ﬂﬁﬂﬁe%%magﬁwgmﬁﬂuifﬂ
fEk , PRI (0 AR ST PR, % T 3 A Tl i
X TR, XA WA R e A A SIS K, (S R VT

00 g FC e AR EAT T WS, M AR BT 2) kRSB
- P P03 7 7 B A A 2R, 4T L A AC CY-cm
Frim et sans 327:7 (8)
oL sxln(za " b) (g AT FURBE WM R R BE: € R A
m b C R KM AR, AR TSR s B, B

AL AR sa AR GERE ;0 A FARIBIRE; &, D8 B st 4l 1 A R A ok

S BRI ST LM 3) ST AR %
HRAR (6) A0 76 1F WU sk et ik 7 i o
FAL BRI 25, B0 FE L 2218 19 2 % R~ S M0 1 ; ;;5 (k)
RE LG o RIHLAIEE b, IV G RS2 o s«ev:{lz[s - ]}1/2 (9)
PR AL TS , PR B 6 0 A I X i U P>

Bt S i, st KB L OSEE o A tiln) 3P S (k) JB5R & S HIC Y RBUE s avg 9P 3918
B b TSR K 6~ 8 Fion, — ROk BURY  dev bR,

AT | 2 e 2R A Ak I e 2 AR A Y LR R AR %1‘)} i AR RAEE S A 2 P, R
Ly BRS4L, = S/S (10)
1) Bl L 25 R AR AR Rl e SCh % A iy Z T R 5] — 3 i 2 P,
C... RA]RE/N—2
K = max 7 ATRE/IN
Cin
—— Pl e D e 13 1500 i
150\ g% 4 N P
/" s e L . 1000}
/ . o8 e
& 100 V4 S o
ve 130 500}
P oo —a—ss—e—e—s—e—e—e—® o n
ol e w O P === \/\/ N\
o 1 ot
0 i P 3 0 ] 2 3 0 1 2 3
LR B /om LR B /om LR B /om

Ko ARMMIEET 3 FHirZ50E

Fig. 6 Three target parameter changes under different electrode widths
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Table 1 Reconstructed images before and after optimization
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Table 2 Evaluation index table of reconstructed

image before optimization
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Table 3 Evaluation index table of reconstructed

image after optimization
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