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VISUALIZATION AND PICTURE PROCESSING OF
OPEN CHANNEL FLOW (2)

By Tadashi Utrami and Tetsuo UgNO

Synopsis

Tracer method was applied to take the time series of pictures of flow patterns in horizontal
cross-sections of an open channel flow. The pictures obtained were processed by a computer
system. The method of experiment and analysis reported in the foregoing report was revised
widely to get more precise results.

Various kinds of physical properties of the flow in horizontal cross-sections such as distribution
of velocity vectors, two-dimensional divergence and patterns of streamlines, time-lines and path-
lines were evaluated numerically and they were displayed as graphical outputs. At the same time,
vertical components of velocity vectors were evaluated on the assumption of the frozen turbulence.

These results contributed to the elucidation of the three-dimensional structure of turbulent
open-channel flows such as low speed streaks, upflows, downflows, bursts and downrushes.
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Fig. 1 Experimental setup. Fig. 2 Timing of each shutter opening.
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Photo. 1 Picture of flow patterns in the horizontal cross-section of the flow. Main flow
direction is from left to right. The case of frame No. 133.
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Fig. 5 Traced streaks of tracers. A line segment means the shift of a tracer during a quarter

of a second. A dot is an initial end. The case of frame No. 149.
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Fig. 6 Distribution of velocity vectors at lattice points calculated from Fig. 5 by an
interpolation. The case of frame No. 149.
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Fig. 7 The vector fileld observed from the view point moving at the speed equivalent
with the mean velocity of the flow field. The case of frame No. 149.
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Fig. 8 Patterns of steramlines viewed by the observer moving at a speed equivalent to
the mean velocity of the flow field. The case of frame No. 149.
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Fig. 9 Patterns of streamlines viewed by the observer moving at a speed 1 cm/s slower
than the mean velocity of the flow field. The case of frame No. 149.
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Fig. 10 Patterns of streamlines viewed by the observer moving at a speed 2 cm/s slower
than the mean velocity of the flow field. The case of frame No. 149.
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Fig. 12 A distribution of two dimensional divergence. An interval of contour values is

1 1/s. The case of frame No. 149.
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Fig. 13 The distribution of velocity vectors in the horizontal cross-section 5.5 mm from
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Fig. 15 A distribution of the vertical component of rotation. An interval of contour
values is 1 1/s. The case of frame No. 133.
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Fig. 16 A distribution of two-dimensional divergence. An interval of contour values is
1 1/s. The case of frame No. 133.
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Fig. 17 Patterns of streamlines viewed by the observer moving at a speed equivalent to
the mean velocity of the flow field. The case of flame No. 131.
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Fig. 21 Patterns of hydrogen bubble lines calculated
on the assumption of frozen structure of
turbulence. A negative eletrode is supposed
to be set on the transversal line of x=8 cm.

The case of frame No. 133.

(a) Time lines,

(b) Streak lines,

(¢) Path lines.
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Patterns of hydrogen bubble lines
calculated on the assumption of frozen
structure of turbulence. A negative
electrode is supposed to be set on the
transversal line of x=5cm. The case
of frame No. 131.
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Fig. 23 Distribution of velocity vectors in longitudinal vertical cross-section of x=
11.6 cm, where upward flow is remarkable.
(a) Distribution of velocity vectors viewed by the observer moving at a speed
of the measuring frame.
(b) The same as (a) but the observer is moving at a speed 2 cm/s slower.
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10 cm, where downward flow is remarkable.
(a) Distribution of velocity vectors viewed by the observer moving at a speed
of the measuring frame.
(b) The same as (a) but the observer is moving at a speed 2 cm/s slower.
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Fig. 25 Distribution of velocity vectors in transversal
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vertical cross-sections of the flow. (a) x=
11.2em, (b) x=11.6cm, (c) x=12.0cm,
and (d) x=12.4 cm.
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