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Research paper

Experimental study of the effect of adverse slope and elementary negative
step on hydraulic jump characteristics

K. Sayyadi®, M. Heidarpour® and Z. Ghadampour®

Extended Abstract

Stilling basins are a short section of the floor of channels that are constructed as special
structures at the end of the spillways and any other site that creates a supercritical flow to
control the hydraulic jump. The shorter their lengths, they will be the more economically
viable. One of the most important topics in the study of reducing the destructive energy of the
flow is hydraulic jump. Hydraulic jump control is carried out in order to reduce the damage of
the downstream structures. A hydraulic jump is one of the most rapidly varied flows occurring
when the flow is altered from a supercritical state to a subcritical one in a part of its path.
Researchers have always tried to control the hydraulic jump to prevent severe damage to
downstream hydraulic structures. The high cost of building recreational pools has encouraged
researchers to reduce sequent depth, jump length and reduce energy losses. There are several
methods to reduce the sequent depth and length of the hydraulic jump, as well as increasing
the energy loss of the hydraulic jump, such as increasing the adverse slope of the bed or using
roughness in the channel floor. In addition to reduce the dimensions of the hydraulic jump for
the cost-effective construction of the stilling basin, the stabilization of the hydraulic jump at
the pool site is also very important. A sudden drop in the bed (negative step) stabilizes a
horizontal hydraulic jump of channel adjacent to the step for a wide range of sequent depths.
This paper introduced a new solution for the hydraulic jump on adverse slope and negative
step to the difference between the upstream and the downstream momentum fluxes.

The channel used in this research had a rectangular shape with a length of 8, a width of 0.4
and a height of 0.6 meters. The walls and floor of this channel were made of transparent
Plexiglas sheet. This channel was fed by a pump with a maximum discharge of 50 liters per
second. In order to increase the initial Froude number before the upstream sliding gate, the
tank height is considered to be 1.25 m. To create the stairs at the beginning of the channel,
Teflon sheets with thicknesses of 3 and 6 cm were used. Taking into account the zero height,
three different heights were considered for the stairs. In this study, three angles of zero, 3 and
6 degrees were used for the adverse slopes. To change the slope of a false plate with a length
of 3 meters was applied that its sloping part continued to a distance of 2 meters from the gate,
the slope of which was adjustable. This plate was located at the bottom of the channel, just
after the initial gate, where the jump occurs completely in this part of the channel. A sliding
gate was installed at the inlet of the flume to create the jump. In addition, another valve was
used at the end of the flume to stabilize the jump. In the performed experiments, the
downstream gate was adjusted so that the start of the jJump occurred at the point of change in
the height of the channel. In the current study, the total number of the experiments was 81 that
performed in the range of 4.5 to 9.5 Froude numbers.
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In this research, the combined effect of using three inverse slopes and three elementary
negative step elevations on hydraulic jump characteristics (including: sequent depths, jump
length and energy loss) were studied in Froude numbers of 4.5 to 9.5. The results showed that
by increasing the adverse slope of channel reduced the sequent depths, jump length and
energy loss by 12.6%, 13.9% and 16.8%, respectively. By increasing the negative step, the
ratio of sequent depths and jump length increased by 5.66% and 6.2%, respectively; while,
energy loss decreased by 2.6%. The combination of the adverse slope and negative step
reduced the sequent depths, jump length and energy loss by 12.42%, 14.8% and 3%,
respectively, and also created a shear of 12.56 times equal to the conditions of a smooth bed.
Therefore, the negative step only stabilizes the jump in the stilling basin, and the adverse
slope makes this jump stabilization difficult.

Keywords: Adverse slope, Bed shear stress, Elementary negative step, Froude Number,
Hydraulic jump.
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