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TURBULENT ENERGY DISSIPATION IN A RIVER FLOW"
By Shoitiro YOKOSI

Synopsis

The rate of dissipation of turbulent energy per unit mass ¢ which represents one of
the fundamental characteristics of a turbulent flow was estimated in a river flow. Estima-
tions were made from the results of observations of turbulent velocity measured by the
use of the ultrasonic flowmeter and propellertype current meter in the Uji river and
the Kitatone river. The shape of the calculated structural functions in a region of local
isotropy gave a good estimate of €&.

The value of & at 40 cm below the surface in the Uji river (depth 2.1~2.7 m, mean
velocity 1.1~1.3 m/sec) was estimated as about 0.3~0.5cm?/sec®. Vertical distribution of
& was also estimated. The value of & of the horizontal turbulence was determined as
about 107*cm?2/sec?in the Kitatone river (width 240m; depth 4m, mean veloeity 20cm/sec).

The Kolmogorov universal constant ©f the one-dimensional energy spectrum was
estimated in a river flow by the use of the newly developed ultrasonic flowmeter based

on the method of pulse-time difference.
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Table 1. Estimations of energy dissipation in the Uji river.

Depth of | Length of Height Mean Intensity Dissipation
water H run Tx z velocity # vV u? 3
(m) (min) (m) (cm/sec) (cm/sec) (cm?/sec?)
Al 2.1 60 1.7 123 5. 40 0.349
A2 2.7 60 2.3 144 7.20 0.374
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Table 2. Estimations of energy dissipation in the Uji river
H & z 7 V' ur €
(m) (min) (m) (cm/sec) (cm/sec) (cm?/sec®)
B1 2.1 6 1.7 123 7.27 0.755
B2 2.1 6 1.7 121 6.39 0.511
B3 2.1 6 1.7 120 7.44 0.569
B4 2.1 6 1.7 120 6.05 0.284
B5 2.1 6 1.7 120 7.96 0.691
B 6 2.1 6 1.7 127 6. 86 0.382
B7 2.1 6 1.7 121 6.14 0.587
B8 2.1 6 1.7 126 6.38 0.388
B9 2.1 12 1.7 117 7.36 0. 563
B10 2.1 12 1.7 126 6.55 0.342
B11 2.1 12 1.7 122 6.22 0.302
B12 2.1 12 1.7 119 6.49 0.309
Mean 122 6.75 0.474
Table 3. Estimations of energy dissipation in the Uji river.
(m) (min) (m) (em/sec) (cm/sec) (cm?/sec®)
Cc1 2.1 6 1.7 111 5.63 0.354
C 2 2.1 6 1.7 113 4.26 0.348
C3 2.1 6 1.7 121 7.01 0.480
Cc4 2.1 6 1.7 118 4.92 0.175
C5 2.1 5 1.7 122 7.17 0.413
Cé6 2.1 5 1.7 121 4.12 0.251
c7 2.1 5 1.7 115 6.87 0.573
C38 2.1 5 1.7 115 4.36 0.175
C9 2.1 6 1.7 119 6.93 0.712
C10 2.1 6 1.7 115 3.90 0.142
Ccu1 2.1 6 1.7 120 7.78 0. 569
C12 2.1 6 1.7 115 4.41 0.167
Mean 117 5.64 0.363
Table 4. Estimations of energy dissipation in the Uji river.
H T z % e &
(m) (min) (m) (cm/sec) (cm/sec) (cm?/see?)
D1 2.7 5 2.3 128 6.63 0. 363
D2 2.7 5 2.3 127 7.07 0. 365
D3 2.7 5 2.3 124 7.19 0.263
D4 2.7 5 2.3 126 7.95 0. 260
D5 2.7 6 2.3 124 7.08 0.107
D6 2.7 6 2.3 125 6.72 0.814
D7 2.7 7 2.3 124 7.76 0. 898
D8 2.7 7 2.3 128 6.14 0.424
D9 2.7 7 2.3 124 7.19 0. 821
D10 2.7 7 2.3 123 6.26 0.408
D11 2.7 6 2.3 124 7.50 0.783
D12 2.7 6 2.3 128 6. 40 0.394
Mean 125 0.492

6.99
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Fig. 2. Energy spectral densities of the
longitudinal component of velo-
city in the Uji river. Data are
shown in Table 1 (A2).

Fig. 1. Energy spectral densities of the
longitudinal component of velo-
city in the Uji river. Data are
shown in Table 1 (Al).
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Fig. 4. Arrangement of transmitters of the ultra-
sonic flowmeter in the Kitatone river for the
measurement of horizontal turbulence.
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Fig. 5. Energy spectral densities of the longitudinal
velocity measured with the ultrasonic flow-
meter in the Kitatone river. Data are shown

SRR SRR, in Table 5.
Table 5. Estimation of energy dissipation in the Kitatone river.
. Width of Depth of Length of " Mean Intensity Dissipation
flow B flow H run T velocity # vV ur z
(m) (m) (hr) (ecm/sec) (cm/sec) (cm?/sec?)
240 4 14 19.9 1.7 2.12x10-4
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Fig. 7. The one-dimensional Kolmogorov constant plotted against logy, Rz.
K, O, N indicate the theoretical values obtained by Kraichnan,
Orszag and Neumann.
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Fig. 8. Ultrasonic flowmeter by the method
of pulsetime difference. T3, T::
Transmitters of sound wave, R :Re-
flector of sound wave.
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Photo. 1. Sensor of the ultrasonic flowmeter by the pulse-time
difference method. Small disk is the reflector.
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Fig. 9. Block diagram of the ultrasonic flowmeter by the
method of pulse-time difference.
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Fig. 10. Part of record measured by the ultrasonic flowmeter.
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