ABSTRACT

Local scour downstream of an apron due to a submerged horizontal jet issuing from a sluice
opening was studied. Also, the two-dimensional turbulent flow fields in submerged jets on
horizontal rough beds, different combinations of smooth to rough beds and evolving scour
holes downstream of an apron due to submerged horizontal jets were investigated.

A detailed parametric study was done using the laboratory experimental results on local
scour in uniform and nonuniform sediments downstream of an apron due to a submerged
horizontal jet issuing underneath a sluice opening, with and without upward seepage. There
exists a similarity in the scour profiles, that the scour holes follow downstream of an apron.
The equilibrium scour depth is related to the apron length, sediment size relative to the sluice
opening, densimetric Froude number, and tailwater depth. The equilibrium scour depth
increases with decrease in apron length and increase in densimetric Iroude number and
decreases with increase in sediment size and sluice opening. However, the variation of
equilibrium scour depth with tailwater depth suggests the existence of a critical tailwater
depth corresponding to a minimum value of equilibrium scour depth. The effect of sediment
gradation on scour depth is pronounced for nonuniform sediments, which reduces scour depth
to a great extent. The time-variation of scour depth is scaled by an exponential law, which
increases linearly with densimetric Froude number. Reduction of scour depth by a launching
apron placed downstream of the rigid apron is also investigated. An attempt is made to
investigate the variations of the characteristic lengths of the scour hole with densimetric
Froude number for uniform and nonuniform sediments. The application of the findings to the
prototype is discussed. Effect of upward seepage on the characteristic lengths of the scour
hole is also investigated.

The time-averaged vertical distributions of velocity components, turbulent intensity
components, turbulent kinetic energy and Reynolds stresses on homogenous rough beds,
different combinations of smooth to rough beds and within stabilized equilibrium and
evolving scoured bed were measured by the acoustic Doppler velocimeter (ADV) at different
Streamwise distances from the sluice gate. The Reynolds and bed shear stresses are also
computed from the boundary layer concept. The flow characteristics in submerged jets are
analyzed and discussed from the point of view of similarity, growth of the length scale and
decay of the velocity and turbulence characteristics scales. The flow is found to be reasonably
501f~preserving, in general, over rough beds and various combinations of smooth to rough

eds, though in the vicinity of the junction of smooth and rough beds little scattering of the



experimental data exists. The modification of the bed shear stress expression due to the
variation of downstream scour profile enables the computation of equilibrium profiles of the
scour hole in uniform and nonuniform sediments. The time-variation of maximum scour
depth is also estimated using the bed shear stress expression with appropriate modification
for the time dependency in uniform and nonuniform sediments. Equilibrium scour profiles
and the time-variation of maximum scour depth are also estimated for the condition of

submerged jet subject to the upward seepage through the sediment beds.
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