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EXPERIMENTAL STUDY ON THE COHERENT
STRUCTURE OF TURBULENT OPEN CHANNEL FLOW

By Zadashi Urami and Zetsuo UENO

Synopsis

Pictures of flow patterns in two horizontal cross-sections at different levels near the channel
bed were taken successively. They were then digitized and analysed by a computer. Using obta-
ined digital data, the distributions of velocity components, vorticity components, streamlines pat-
terns, two-dimensional divergence and instantaneous Reynolds stress were calculated and displayed.

The idea of a two-dimensional correlation coefficient was introduced to examine convecting
process, the scale and inclination of turbulence structures.

A conceptual model of turbulence structure is proposed, in which characteristics of the
multiple structure of turbulence are shown as to the scale and arrangement. Generating mecha-
nism of horse-shoe vortices, longitudinal vortices, low-speed streaks, sweeps and ejections are ex-
plained based on the model.
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Fig. 3 (a) Rotary shutter and (b) Image of the tracer trajectory.

Photo. 1 Picture of flow patterns in horizontal cross-section 235
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Fig. 4 Original data on velocity vectors obtained by digitizing the picture of cross-section
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Table 1 Duration and extent of the cross-section.

Cross- Duration Extent
section
(s) X y z

no. (mm) (mm) (mm)
232 0.0-0.173 0. 00-300. 00 0. 0-200. 00 2.5- 5.5
233 0. 2-0. 366 12. 62-312. 62 0. 0-200. 00 7-8-10.8
234 0. 4-0. 573 25. 24-325. 24 0. 0-200. 00 2.5- 5.5
235 0. 6-0. 766 37. 86-337. 86 0. 0-200. 00 7.8-10. 8
236 0. 8-0. 973 ; 50. 48-350. 48 0. 0-200. 00 2.5- 5.5
237 1. 0-1. 166 ‘ 63.10-363. 10 0. 0-200. 00 7.8-10.8
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Fig. 5 Distribution of velocity vectors at mesh points obtained by interpolating the data
from figure 5 (cross-section 235).
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Fig. 6 Distribution of the streamwise component of velocity vectors (cross-section 235).
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Fig. 7 Distribution of the spanwise component of velocity vectors (cross-section 235).
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Fig. 8 Streamline patterns viewed by the moving reference frame (cross-section 235)
(a) Reference frame at the average velocity of the flow; (b) 1cm/sec slower.
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Fig. 9 Distribution of the vertical component of vorticity (Cross-section 235).
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Fig. 10 Distribution of the vertical component of vorticity (Cross-section 234).
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Fig. 11 Distribution of two-dimensional divergence (cross-section 235).
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Fig. 21 Distribution of the two-dimensional
auto-correlation coefficient R, (235,
235, 7, y) of velocity component
(cross-section 235).
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Fig. 33 Determined arrangement of cross-sections of horseshoe vortices (fine solid lines with
arrows showing the direction of rotation), large-scale vortex motions (thick solid
lines with arrows) and interjecent lines (thick solid line). (Cross-section 235)
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Fig. 36 Arrangement of the double structure of vortex motion superposed on the
distribution of velocity vectors (cross-section 235).
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Fig. 37 Arrangement of the double structure of vortex motion, interjacent lines (thick
solid lines), ejections (hatched area) and sweeps (dotted arep) (cross-section 235),
Dots represent the localhzed acceleration regions.
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@

Fig. 40 Conceptual model representing (a) the formation and developing stages of a horseshoe
vortex, and (b) the overall structure of turbulence in the wall region in the fully
developed state. Solid lines denote vortex filaments in (a) and tubes in (b), the concen-
trated vorticity.
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