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ON THE TURBULENCE CHARACTERISTICS IN A FREE SURFACE
SHEAR FLOW IN TERMS OF A UNIVERSAL FUNCTION

By Hirotake IMAMOTO

Synopsis

Using the flow similarity which is known as the Reynolds number similarity, the Eulerian
properties of turbulence in a free surface shear flow will be first concerned in terms of a universal
function expressed with the flow depth, the shear velocity and the local mean velocity.

Explicit functions for two kinds of basic properties of turbulence are able to determine the
functional forms of other turbulent properties in a system of universal functions. The selection of
the best system is examined by the Eulerian data of turbulence in open channel flows, such as the
turbulence intensity, the integral scale and the ratio of turbulent energy dissipation per unit mass

and time.
It will be concluded that the friction coefficient may be treated as an important factor of
turbulent shear flow, similarly with the velocity defect law.
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Table 1 Turbulence properties in Eulerian and Lagrangian descriptions given by universal function.
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Table 2 Explicit formulations of turbulence properties.
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Table 3 Hydraulics conditions in turbulence measurements.

Name Exp. No, B/H | U,/Us Re Fr Techniques

total head tube flowmeter

Ippen-Raichlen®® fig. 10 | 37.7 | 22.4 | 5.20x10% | 3.199
5.

fig. 11 44.0 22.5 43x10* | 4.222

Jonssoni® SR 77| 107 | L12X10° | 0582 Lo nno e
BR 7.6 7.2 8. 50 x 104 0. 435

Raichlen2® H-2 2.5 2.1 6.62x10t | 0.248 hot-film flowmeter
H-5 2.7 29.3 9.11x10¢ 0. 385

McQuivey-Richardson?” rough 6.0 1.7 19x10* | 0.538

L hot-film flowmeter
smooth 6.4 19.5 6.80x10% | 0.355

A 40. 4 8.3 1.64x10* | 0.410 | propeller and hot-film

Engelund?
B 12.7 19.1 5.29%10¢ | 0,235 | Howmeter

9x22 11.4 19.0 1.52x10% | 0.279
Imamoto?® 9x23 19.6 18.0 1.10%x10% | 0.458 | propeller flowmeter
9x24 36.7 20.7 6.50x10% | 0.371

B: channel width, H: water depth, U,,: mean velocity in vertical section, U/: friction velocity,

Re: Reynolds number (= U,H /v), v: kinematic viscosity, Fr: Froude number (=U,/JgH ),
g: acceleration of gravity.
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Fig. 1a Turbulence intensity in free surface shear flows in form of universal function in case A.
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