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Study on vortex structure at river confluence
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Abstract: Particle image velocimetry (PIV) technique is used to accurately determine the location of shear layer
and separation zone based on vorticity. Meanwhile, the vortices in the horizontal plane at the confluence are
systematically observed and analyzed. It is found that the vortex density within both the shear layer and the
separation zone is larger near the water surface and near the bottom than that in the middle of water depth. The
vortex density increases with the increase of tributary discharge when the discharge of main channel is fixed. The
high density of vortices near the bottom is caused by the wall turbulence. In addition, the shear layer generated by
flow shear is dominated by vortices with small swirling strength, while the separation zone generated by the flow

separation is dominated by vortices with medium and small swirling strength.

Key words: particle image velocimetry; river confluence ; shear layer; separation zone; vortex; vorticity; swirling
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Fig.1 Diagrammatic sketch of flume device and plane to be measured (units: cm)
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Table 1 Experimental conditions for the study of vortex structure in confluence zone

T q,/(L+s™") q/(L+s") 4,/ (q,+q,) Fry Fryy Frey Reqy Re gy Rey
1 8.5 0. 261 0. 095 0.033 0. 098 11723 4138 13927
2 8.5 0.414 0. 095 0. 067 0. 120 11723 8275 17560
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Fig.2 Velocity distribution of the shear layer in case 1
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Fig.3 Vorticity distribution of the shear layer in case 1
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Fig.4 Velocity distribution of the separation zone in case 1
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Fig.5 Vorticity distribution of the separation zone in case 1
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Fig. 6 Distribution of vortex density along

water depth in the shear layer region
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Fig.7 Vortex density of the shear layer with

different swirling strength
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Fig.8 Distribution of vortex density along water

depth in the separation zone region
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Fig.9 Vortex density of the separation zone with different swirling strength
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