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Abstract Shapes of a water—jet in different regimes are analyzed on the basis of fluid theory. High speed

photography is used to record the turbulence of the water—air interface. The water—jet contours are detected and

reconstructed by using digital image processing algorithms. The ray tracing method is employed to investigate the

optical losses produced by the surface perturbation. The results show that the amplitude and frequency of turbulence
=

have a great impact on light propagation under the effect of total internal reflection. At the stage of incipient

turbulence, no optical losses is caused since the wave amplitude and frequency are the relatively small. But when
that it weakens the ability to guide light of water—jet in this kind of situation.
Key words waveguides; water jet; total internal reflection; ray—tracing

the amplitude and frequency of turbulence exceed certain threshold values, the power losses tend to increase so
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Fig.1 Total internal reflection at the water - air interface
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Fig.2 Schematic diagram of beam propagation analysis in water—jet waveguide
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Fig.3 Schematic diagrams of water—jet image collection. (a) High—speed photography system;
(b) dissimilar shapes in different parts of water—jet waveguide
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Fig.4 Detected edges of water—jet waveguide in the turbulent regime. (a) Shadow images and contours of the three turbulent regimes;

(b) jet radius versus distance along the jet at the stage of incipient turbulence; (¢) jet radius versus distance along the jet with the

enhanced turbulence; (d) jet radius versus distance along the jet before water—jet breakup
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Fig.5 Turbulent amplitude and wavelength versus distance along the jet
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Fig.6 Three—dimensional ray—tracing propagation model in the turbulent regime
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Table 1 Two sets of parameters for ray—tracing simulation

Incidental NA Source light-emitting area /mm Beam divergence /mrad EFL of coupler /mm
0.16 12.8 10 40
0.30 24.8 10 40
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Fig.7 Relationships between transmission loss and water—jet shape. (a) At the stage of incipient turbulence;
(b) with the enhanced turbulence; (c) before water—jet breakup
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