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Abstract

Introduction: In many types of hydraulic structures, a considerable
portion of the kinetic energy of the flowing water must be dissipated
to prevent erosion of the channel downstream from structure.
Various methods of energy dissipation have been used to achieve
tranquil flow conditions. One of the most effective means of
accomplishing the required energy dissipation is a hydraulic jump.
The hydraulic jump can assume several different forms depending on
the geometry of the channel boundaries.

Methods: A negative step with abrupt drop can change length of
jump, sequent depths, hydrodynamic forces and other characteristics
of the hydraulic jump. Also using Bed Roughness in stilling Basins is
an effective method to increase jump efficiency and decrease jump
length. In the present study, combination of rough bed and negative
step is used to check the effect of this combination on hydrodynamic
forces in stilling basins.

Findings: The results showed that the most critical area in terms of
maximum hydrodynamic forces and cavitation in this type of stilling
basins can be find in 10.44 <x / y1 <13.43. Where x is the distance
from the beginning of the jump and y; is the initial depth of the jump.
It is also found that Pressure fluctuations increase at a certain
distance from the edge of the jump and then it will decrease to lowest
level.

The experimental results here is reported, may be helpful in designing of
stilling basins with negative step and roughed bed. Also, can be used for
particular reference to the thickness of the concrete slabs required to
ensure the stability of the linings.
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Extended Abstract

Introduction

Hydraulic-jump stilling basins are used to
dissipate the high energy contained in
water passing down the spillway. The
energy is removed in part by the generation
of large-scale turbulence and the resultant
conversion of turbulence to heat. Associated
with this process is the generation of large,
low-frequency pressure fluctuations. The
use of a vertical downwards step to control
and stabilize the position of hydraulic jump
is well known now. The presence of
roughness in stilling basins and its effect is
also well known. But the combination of
both has not been in the focus.

In the present study, combination of rough
bed and negative step is used to check the
effect of this combination on hydrodynamic
forces in stilling basins.

Materials and Methods

In present study, the experimental tests
were performed in a rectangular open
channel about 80 cm wide, 70 cm deep and
15 m long. The side walls of the flume were
made of glass. Water was pumped from a
storage tank to a head tank by two
submerged pumps. Cubed elements made of
hard plastic was installed on the flume’s bed
in such a way that the crests of the cubes
were at the same level as the upstream bed.
This roughness was installed in 17 rows.
The supercritical flow was produced by a
sluice gate. The height of step was 4.5 cm
and a tailgate was used to control the tail
water depth in the flume. The discharges
were measured by an ultra sound flow
meter which installed in inlet pipe. There
were 37 copper connections with 0.006 m
diameter for measuring pressure on the
bed. The roughness arrayed 7-6-7
throughout bed and piezometers were
installed in center of flume.

When the data collection was completed,
the data sets were analyzed.

Findings

For investigating the hydrodynamic forces,
the negative and positive fluctuations (Cp*
and Cp-) were surveyed. It is observed that
variance of negative and positive

fluctuations at the beginning of the jump is
sever, but as it goes further from the gate,
the intensity will be decreased. The places
of Cp- max, Cp* max, Cp- min and Cp* min
drew in versus Froude number.

The result showed that Cp- max and Cp*
max in Fr<4 are at the same locations. Then,
these locations are parted. Cp* max
happened in X/Y;=10.44 and Cp- max
placed in X/Y1=3.78. It is also observed that
Cp- min and Cp* min were the same
locations and both of these location for Fr>4
is equal X/Y1=59.33.

Discussion

According to findings, the main effect of
abrupt drop with rough bed is increasing of
energy dissipations. One explanation for
this occurrence is the development of
vertical vortexes between the roughness
rows which is form similar to tornado.
These vortexes can reduce the Kkinetic
energy of flow and reduce the pressure
fluctuation or the C', value.

Conclusion

In the present study, the pressure
fluctuations beneath a hydraulic jump that
develops over a negative step with rough
bed have been investigated. The effect of
roughness on hydraulic jump with negative
step is obvious and these influences are
decreasing energy in hydraulic jump and
hydrodynamic forces on bed. The
conclusion can be presented as below:
1-The most critical region of jump in case of
cavitation for negative step with rough bed
isin X/Y1x10.44.

2-Increasing of Froude number makes
amount of pressure coefficients (C'p, Cp* and
Cp’) greater.

3-C'p in negative step with rough bed is less
than smooth bed. This phenomenon is
because of vertical vortexes behind of
roughness.

4-Maximum C', value in negative step with
rough bed and classic jump is almost equal
(C'p =0.06), but in negative step with rough
bed is smaller and more near to the jump
toe.

5-The pressure fluctuations in rough bed
increase with increasing X from step at first,
but when it reaches the highest point,
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comes down. These changes happen
because of increasing depth of water and
therefore decreasing effect of secondary
flow.

6-Maximum Cp and Cy* in abrupt drop with
rough bed is closer than classic jump to the
jump toe and both happened in X/Y1=3.78.
7-The location of C, max and C,* max in
negative step with rough bed, for Fr<4 are
in the same location. For Fr>4 these
locations will be apart. C,* max in
X/Y1=10.44 and Cy, max in X/Y1=3.78 will
be stabled.
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