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Simulation analysis and experimental verification of measuring seawater
conductivity with a single resonant coil

Liu Ning"? Han Jiasheng' Wang Tao' Feng Shuyi'
(1. Nation Ocean Technology Center, Tianjin 300112, China; 2. Key Laboratory of Ocean Observation Technology,
Ministry of Natural Resources of the People's Republic of China, Tianjin 300112, China)

Abstract: For coastal estuary water quality monitoring environments, traditional conductivity sensors suffer from
issues such as bulky size and susceptibility to corrosion. This paper proposes a non-contact seawater conductivity
measurement method based on single-coil sweep-frequency resonant impedance measurement. A coil equivalent circuit
model in seawater environments was established, with in-depth analysis of the mechanism by which seawater eddy
current losses affect system resonance characteristics. It elucidates the linear mapping relationship between resonant
equivalent impedance and seawater conductivity under resonant conditions. Finite element simulation was employed to
perform linear fitting on simulated data, validating the accuracy of theoretical derivations. Building on this, a sweep-
frequency-based conductivity measurement system was constructed, achieving precise extraction of resonant point
impedance. Experimental results demonstrate that in low-conductivity environments (saltwater intrusion) , this method
maintains consistent high measurement sensitivity, with a maximum fitting error of merely 0. 0417 mS/cm. Compared
to existing research, the proposed approach significantly enhances detection precision for subtle conductivity variations
while improving anti-contamination capabilities. Furthermore, this method enables pre-calculation of fitting parameters
via simulation software, thereby reducing human and material resources required for sensor calibration and optimizing
sensor fabrication processes. It offers a novel solution for estuary water quality monitoring characterized by low-cost,
high-reliability, and high-sensitivity.
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Fig.1 Seawater measurement system model

TENI RN o BYIESZE T S5 B ag AT Z R -
, R, + AR +jo(L, — AL) .
T (1 —w’Cy(L, — AL)) 4+ jwC, (R, + AR)

s o AR ) 15 B9 F R B BT A5

R, + AR
Real(Z) = 5 5 5
(1—w C (L, —AL))" + (wC, (R, + AR))"
(2
Imag(Z) =
w(L,—AL)(1—w’Cy(L, —AL)) —wC,(R, + AR)* (3

(1 =w’Co(L,—AL))’ 4 (wC, (R, + AR))’

Real (Z) NEE54% ol B B9 SEEBBAYL . Tmag (Z) 510
B 0 J R BELBT . 2 A B P AR TR IR, RS S T — R AR IR
R B EE P DTN 0, ARSI Imag (Z) 0. ML
WIRAR w, NLH

U):J 1 (R, +AR)’ "

! (L,—ALYC, (L,— AL)?

2R LR ST Z, R

7, — Real(Z,) — —Fo =8k 5
(R, +AR)C,

A0S AN e BB i R FL BB 5 AL A1 AR [ {E A7
TE—E KR A X 3 AT AT
1.2 BAKRRMNEZESHHOZM

TEBLIS 4 M B2 AP, AT DL o 23 () B RG340 B X AL
AR PEAT AT SR A s W& 2 B L A6 W KK T 3R 8 L 48
W3l b A2 AR 5 AE S L 2 () gk N e 5 R O R
PR ISR R R I B, MBS R R A %,
R A 5 U A T T 5 7 A 5 DR B O 1 A S 8 AR Wl b
PR B, WIFRY 26 B 2 i 3 2 18] 9 25 T DX 38k i 52
b 52 A% B R S R W1 R4 5 TR R &

WA B H I.() = [, RIEEE — AR E
BRI C FIBERAGTEE S P(x,y.2) 7%
IR B

2H0)

- :/jlt(t) i 7
Al 4ﬂ€4ﬁ (Rdl k in (6)



X7 F R BRREBNTEREFEGH AN ERBIE

%6

E*Jn:§%ﬁﬁ%ﬁﬁME%@%%CL%R

S5 R M P 1Lt T BB S L e A A R A
RS,

= =
ccr SN
- — =
NI = = B
sec

P 2 9 A SR I8 A T

Fig. 2 Seawater induced eddy current model
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Fig. 3 Finite element simulation model of the measuring coil

in the seawater area
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Fig. 4 Relationship between coil inductance L and frequency

under different conductivities
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Table 1 Resonant frequency and resonant impedance under

different conductivities

H 2/ (mS/ cm) R A/ kHz R T/ Q
5 1 885.45 6 844.400 0
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35 1 884.42 4 755.4917
40 1 884. 25 4 542.822 3
45 1 884.08 4 351.631 5
50 1 883. 89 4 178.662 3
55 1883.71 3 984.687 5
60 1 883. 54 3 827.406 0
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Fig. 6 Block diagram of eddy current seawater conductivity

measurement system
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Fig. 8 Conductivity frequency sweep characteristic curve
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Table 3 Resonant frequency and resonant impedance
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Table 5 Measurement effect comparison

(mS/cm)
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