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ON THE STRUCTURE OF TURBULENCE IN A RIVER FLOW

By Yasuo ISHIHARA and Shéitiro Y OKOSI

Synopsis

It is spectrally distinct that the structure of large-eddy motion in a river flow is
described by a definite structure. The structure of the large-eddy presented by the
authors is “‘ -shaped vortex tube” identical with the horseshoe vortex introduced by
Theodorsen. The river flow may be considered in three parts, a mean flow, a set of the
N-shaped vortex tube and an ordinary turbulent motion made up of a wide and continu-
ous range of eddy sizes. The f-shaped vortex tube slanting in a downstream direction
and producing a jet-like motion away from a rive bed, gives a negative contribution to
the Reynolds stress and derives an energy directly from the mean flow to pass it on to
the smaller eddies. The smaller eddies may be defined as a multiple arrangement of
smaller vortex filaments which cover the surface of the f-shaped vortex tube. Formation
of a so-called ‘““ boil” at the surface of river is well interpreted by the existence of the

N-shaped vortex tube.
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Fig. 1 Generation and stretching of the f-shaped vortex tube on river bed.
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Fig. 2 N-shaped vortex tube which is slanting in a downstream
direction and induces the jet-like eruption.
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Fig. 3 Structure of jets in the outer part of boundary layer (left)
and wall layer (right) after Townsend®. The full lines
represent the edge of the jet. The dashed lines are stream-

lines relative to the mean velocity.
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Fig. 4 Eddy inclination to the wall of the boundary layer.
Sweepback increases approaching surface. Thickness of
the boundary layer is 34 mm., Velocity outside the
boundary layer is 12 m/sec.
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Water surface

Fig. 5 “‘Boil” produced by the top part of the elongated
N-shaped vortex tube.
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Fig. 6 Boil produced by vortex ring near the water surface.
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Fig. 7 Cylindrical secondary currents for the interpretation
of the streets of boil after Kinoshita!®,
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