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Introduction 

Ø In the development of offshore oil and gas resources and marine transportation, 
ships, mobile offshore platforms and other engineering equipment will have 
liquid leakage problems in various compartments.

Ø The current liquid detectors are used alone, and do not have the ability to 
distinguish the type of liquid, nor can it determine the liquid leakage rate.[1][2].

Ø Integrate the photoelectric liquid detection unit, temperature detection unit, 
medium conductivity detection unit and sea water level rise rate detection unit

Ø According to the conductivity and temperature characteristic data of the detected 
liquid, the method of fuzzy inference can be used to realize the intelligent 
judgment of the type of leaking liquid and detect the seawater leakage rate at the 
same time

Analysis of sensor mechanism 

Figure 1.  Schematic diagram of sensitive mechanism

A. Photoelectric liquid level sensor B.Two electrode conductivity sensor

Figure 2.  Schematic diagram of conductivity 
measuremen

Structural design 

Figure 3.  (a) Exploded view of the structure of the detector along the axial direction     (b) Physical image

Temperature field simulation

This article uses finite element analysis to simulate the internal temperature 
distribution of the diversion cover and the Pt100 temperature response。 

Figure 4.(a)The temperature distribution cloud diagram inside the light guide cover  (b)Time response curve of 
platinum thermal resistance

Set the initial temperature of the light guide cover to 393.15k, the contact 
liquid temperature to 323.15k, and the contact time to 5s. The internal 
temperature of the light guide shows a two-dimensional axisymmetric 
distribution with the vertical z-axis as the symmetry axis. Temperature 
response time of platinum thermal resistance: s2.850%  s2.850% 

Sensor measurement circuit design
ØThe power supply circuit

ØThe output amplitude

Øthe liquid level rise detection circuit

Sensor's fuzzy inference output

NB NS Z PS PB
NB OT OT SW SW SW
NS OT CL CL SW SW
Z CL CL CL SW SW

PS CL CL CL SW SW
PB CL CL CL CL SW

TABLE I. Rules of Fuzzy Reasoning

Temperature: T={NB,NS,Z,PS,PB}
Conductivity: C={NB,NS,Z,PS,PB}
Liquid type:   S={TO,CL,SW}
NB: very low; NS: low; Z: moderate; PS: high; 
PB: very high;

TO: fuel oil; CL: coolant; SW: sea water;

 Figure 5. Fuzzy inference output surface

Blue OT, green CL, yellow SW, effectively 
distinguish three kinds of liquids: sea water, 
fuel oil and coolant

[1]Benjankar Rohan,Kafle Ravin. Salt Concentration Measurement Using Re-usable Electric Conductivity–based Sensors[J]. 
Water, Air, & Soil Pollution,2021,232(1).
[2]Aye Aye Mar , Hay Man Oo , Kyawt Kyawt Hlaing. Liquid Level and Photoelectric Sensors Based Automatic Liquid Mixing 
and Filling Machine System using PLC[J]. Journal of Trend in Scientific Research and Development,2019,3(5).
[3]Chen Yang,Hongquan Zhang.Photoelectric liquid level sensor with redundant design[J].Journal of Electrical Engineering and 
Control,2006(04):389-392.
[4]Mark Halverson,Eric Siegel,Greg Johnson. Inductive-Conductivity Cell: A Primer on High-Accuracy CTD Technology[J]. Sea 
Technology,2020,61(2).
[5]Sahin M. Emin,Demirkol A. Samil,Guler Hasan,Hamamci Serdar E.. Design of a hyperchaotic memristive circuit based on 
wien bridge oscillator[J]. Computers & Electrical Engineering,2020,88.
[6]Minu Rajasekaran Indra,Nagarajan Govindan,Ravi Kumar Divakarla Naga Satya,Sundarsingh Jebaseelan Somasundram 
David Thanasingh. Fuzzy rule based ontology reasoning[J]. Journal of Ambient Intelligence and Humanized 
Computing,2020(prepublish).

C
O
N
C
L
U
S
I
O
N


