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High-Sensitivity Liquid Level Sensor Based on Seven Core Fiber

Shao Min", Li Hanping', Zhao Xue', Yu Dakuan', Qiao Xueguang’
'School of Science, Xi’an Shiyou University, Xi’an 710065, Shaanxi, China;
*School of Physics, Northwest University, Xi’an 710069, Shaanxi, China

Abstract A liquid level sensor based on a single mode-peanut-seven core-peanut-single mode fiber structure is
developed. The sensor uses the “peanut structure” as a fiber coupler to improve the coupling efficiency of the single-
mode fiber and seven-core fiber. The first fiber “peanut structure” is used to excite the cladding mode, and the second
fiber “peanut structure” couples the cladding mode with the core mode to produce interference. Because a phase
difference between the cladding and core-based modes appears as they transmit through the seven-core fiber, when the
liquid level of the environmental solution changes, the phase difference changes, eventually changing the transmission
spectrum. In this study, the liquid level and temperature response characteristics of the sensors with seven-core fiber
lengths of 24, 28, and 32 mm were experimentally studied. The experimental results show that with the increase of the
liquid level, the transmission spectrum of the sensor shows a blue shift. The liquid level sensitivities of the three sensors
are —0.4069, —0.2739, and — 0. 1653 nm/mm, and their liquid level measurement ranges are 24, 28, and 32 mm,
respectively. In the water temperature range of 35-90 °C, the transmission spectrum of the sensor shows a red shift with an
increase in temperature. The temperature sensitivities of the three sensors are 0. 0885, 0.0740, and 0.0879 nm/°C. The
experiment shows that the sensor has the characteristics of high sensitivity, low cost, and simple fabrication, indicating
that it has a good application prospect in the petrochemical industry and other fields.
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Fig. 1 Schematic diagram of sensor
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Fig. 7 Liquid level response spectra and sensitivity curves of interferometer. Transmission spectra of interferometer with length of

(a) 24 mm; (b) 28 mm; (c) 32 mm at different liquid levels ; (d) linear fitting curves of liquid level sensitivity of interferometer
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Fig. 9 Temperature response spectra and sensitivity curves of interferometer. Transmission spectra of interferometer with length of

(a) 24 mm; (b) 28 mm; (c) 32 mm at different water temperatures; (d) linear fitting curves of temperature sensitivity of

interferometer
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Table 1 Comparison of optical fiber liquid level sensors

Temperature and liquid

Method Measurement Liquifivle‘vel level cross-sensitivity / Reference
range /mm sensitivity (mm-CY)

SMF-MMF-TCF-SMF 9 —0. 1758 nm/mm —0.349 [17]
SMF-MMF-SMF 21 —0. 0887 nm/mm 0.689 [18]
Tilted FBG written in TCF 60 —0.51dB/mm — [19]
Coreless-D-shape-coreless fiber structure 55 0.2138 nm/mm —0.114 [20]
Peanut-shaped fiber structures based MZI 53.5 —0.1025 nm/mm — [21]
SMF -taper-SCF-MMF-SMF 50 —0.1353 nm/mm — [22]
SMF-taper-TCF-taper-SMF 15 1. 2416 nm/mm —0.017 [23]
MMF-HCF-FBG 9 1. 1450 nm/mm 0.013 [24]

SMF-peanut-SCF-peanut-SMF 0-24 —0.4069 nm/mm 0.210 Proposed

1 é:lztf ‘f,/g [3] Li C, Ning T, Zhang C, et al. Liquid level and
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