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Application of Optical Sensor with Two-Circle Reflective Coaxial
Fiber in Tip Clearance Measurement
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School of Mechanical Engineering, Nanjing Institute of Technology, Nanjing, Jiangsu 611167, China

Abstract In order to meet the measurement requirements of gas turbine tip clearance, the displacement optical
sensor with two-circle reflective coaxial fiber probe is designed. Output functions of the fiber sensor without and
with collimating lens are gained based on light intensity coupling principle analysis. The effect of lens on reflective
optical fiber displacement sensor characteristics is analyzed. Then, effect of transmission efficiency and interference
on measurement results is evaluated. The static measurement and smog interference experiment of the sensor with
and without collimating lens are completed. The results show that the linear measuring range of the sensor designed
is 2.6 mm, and the antipollution ability is proved. It provides a reference for the application of reflective optical fiber
displacement sensor in gas turbine tip clearance environment.
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Fig.2 Optical coupling principle of two—circle coaxial fiber. (a) Initial position; (b) distance decrease; (c) distance increase
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Fig.5b Transmittance of lens versus incident angle
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Fig.6 Sensor output light irradiation on measured plane process schematic diagram
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Table 1 Parameter of sensor fiber probe

Parameters Data
Fiber distance 330 pm
Fiber radius 150 pm
Transmitting fiber
NA 0.22
Fiber radius 150 pm
Receiving fiber
NA 0.37
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Fig.8 Optical fiber displacement static calibration of sensor. (a) Without lens; (b) with lens
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Fig.11 Experimental of simulation smoke effect on sensor characteristics. (a) Without lens; (b) with lens
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