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A STUDY ON THE TURBULENCE STRUCTURE OF FLOOD
FLOWS AND RIVER BED FORMS USING THE PICTURE
PROCESSING OF AERIAL PHOTOGRAPHS

By Tadashi Urami, Tetsuo Ueno and Ryosaku KINOsHITA

Synopsis

A pair of aerial photographs of the 1966 flood flow in the Agano River was an-
alyzed by the cross—correlation technique to obtain velocity vectors over the water
surface. An experiment on the flow over a scale-like channel bed was also carried
out, and the velocity vectors on the water surface were calculated by the same tech-
nique.

The distribution of divergence and velocity, and streamline patterns were shown
concerning both of the Agano River flood flow and the experimental channel flow.
Some of them were shown to have similar characteristic properties.

In conclusion, it was shown that the flood flow is comprised of hierarchical tur-
bulence structure of various scales and they are closely related to their proper bed
configurations of the similar scales.
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Photo. 1. Aerial photographs of the 1966 flood flow in the Agano River.
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Table 1. Dimensions and resolutions of photograph data and analysis

Number of Pixels  Correlation Vector Number of
Pixels Interval Window Interval Vectors
(pixel) (mm) (mm) dx (mm)  dy (mm)
Ist process 464 x 320 0.40 6.0 X 1.4 1.0 4.0 44x 29
2nd process  928x 640 0.20 3.0 x 2.2 4.0 2.0 A4 x 57
3rd process 1856 %1280 0.10 1.9 X 1.3 2.0 1.0 171 X225
4th process  3712x2560 0.05 15X .25 0.5 0.25 339 X409
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Fig.1. Velocity vectors on the water surface ol the Agano River obtained
through cross-correlation analysis. The thickness of velocity vectors
shows the cross-correlation coeflicients as shown in the lower right
corner of the ligure.
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Fig. 2. Absolute velocity. Thick lines show the front lines of bars. The frame
of broken line shows the area of Fig.6, Fig.8 and Fig.9. A thin line
shows the 6.8 km cross-section.
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Fig. 3. Two-dimensional divergence.

iy
S

2

////;,;” N N
% N > =X
N/

"
N .
.

2
Z =
a—— 2

- 7 s %

: 7 7
== | "////%’ i
et «z?éé%?%%%%Zw
4 s » Zééﬁ Y

27

(7 t

-0.04 -0.03 -0.02 -0.01 0.0l

0 200 400 600 800 1000 1200 1400 1h00( 180
n

Fig. 4. Two-dimensional divergence smoothed over the local area of 280 m X100
m. Thick lines show the front lines of bars and broken lines, which
are passing the lower peaks of two-dimensional divergence, suggest the
front lines of scale-like bars.
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Fig. 5. Streamlines. Thick lines and broken lines are the same with those shown
in Fig. 4. The shaded area is the area of large streamline curvature.
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Fig. 6. Spatial fluctuation of longitudinal velocity component. The velocity
1s comparably low in the shaded area and high in the dotted area.
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Fig.7. Contours of water depth around the 6.8 km cross-section
of the Agano River al the llood stage.

3.3 NH—UREICLBIEES L SELORSE

WM B DR & il & AN Bl dic, KRN 7 F VO AT E T B FDHIO 3
XS ADKEFrc B % u i s, Fig. 8 DA LI iE N5 &5 B UKAE S O/Nlkic 53 21K
TSRO & DM TRBIRE AT L, £ 000 % Fig. 812k L7,

ABNT B O TR AR O S, Sl 3 A L 72N N E NS 5, Fig. 61280
THVEFWZ LRIEN TOR WS b A TRIAMEICh SN TE D, 1z, (KESE S v
T MO a 0 SIS - TV 5, ZOFEHE, ARIOEA, (KB MIRIKED 12IE 2 ~ 3
fETHY, THOB—MUIKED 21527 — V& ShNTOAIFSHARICHYT b0 EEZ S5,

O ELEFIHTORRERLE ABDEEZ DL, HEDNIADKEBEDE/NS LD E AR
NCASIITE LTV A T E AR S N 5,

%72, Fig. 81280V, mdiflih SMEA~D, H50VIEZDOHEOIN, &5\, ATk &
R BRI & B W e O 7 fF 75 Bk & 5 BIRASHE S N B,

._..7“



380 FURBESSHIETES H355 B-2 4. 4 (1992)

600 +- ,
1 11
| 0

(m) KI8

nEn

100 £

300

200

600 700 800 900 1000 1100 1200

(m)

Fig. 8. The cross-correlation coefficient of the pattern recognition to detect low-
speed regions ol longitudinal velocity components. The detecting pattern
1s shown 1in the upper right corner. The shaded arca shows the low-
speed region and the dotted area, the high-speed region.
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Fig. 9. Photograph densities.
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Fig.10. Velocity vectors on the surface of a [low over
the scale-like channel bed obtained through cross-
correlation analysis. The solid lines show the
scale-like bed profiles.

Photo. 3. Thotographs ol the surface of the flow over the scale-like channel bed.
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the local peaks of the velocity and the broken
lines, the local negative peaks.
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Fig.12. The cross-correlation coefficient of the pattern recognition to
detect low-seed regions of longitudinal velocity components.
The detecting pattern is shown in the upper right corner. The
shaded area shows the low-speed region and the dotted area,
the high-speed region.
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