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Introduction

The control of speed and pressure oscillations along the stream, as two critical parameters in
designing hydraulic systems, is vital since they have to be set within an acceptable range in order to
prevent damages to hydraulic structures. Ead and Rajaratnam (2002) studied the hydraulic jump
characteristics on the corrugated bed and calculated the thickness of dimensionless boundary layer to
be 0.45. Pourabdollah et al. (2015) investigated the effect of roughness and adverse slope of the bed
on the velocity profile and determined the mean shear force coefficient to be 11.5 times more than
that of the classical condition. Fiorotto and Rinaldo (1992) stated that in hydraulic jump the pressure
is oscillating around the mean pressure value, which is almost equal to piezometric head at each
point. Also Lopardo and Solari (1980) determined the pressure oscillations equal to 0.084 for
hydraulic jump at downstream of valve. Accordingly, although various studies have been carried out
on hydraulic jump characteristics under different conditions, the simultaneous effect of end positive
step, bed roughness and adverse slope on hydraulic jump characteristics have not yet been explored.
Therefore, the aim of this study was to investigate the velocity profiles, flow surface and pressure
oscillations in hydraulic jump within the stilling basin at defined conditions.

Methodology

This research was carried out at the hydraulic laboratory of Isfahan University of Technology in a
rectangular flume with 0.4 width, 0.6 height and 8m length. The stilling basin included an adverse
slope bed with 2m length and one end positive step. The slope of the basin was considered to be 0, -
1.5, -3, and -5%. Also, the height of end positive step was considered to be 3 and 6 cm. The
experiments were conducted in both smooth and gravelly rough bed with 4.76<t<5.66, 11.1<t<12.7
and 19.1<t<22.2 mm. This research was conducted in four flow rates in the range of 25 to 50 LPS
and 576 experiments were performed in the Froude number range of 4 to 10. The flow depth was
measured by a point gauge with an accuracy of £0.1mm and the flow velocity was measured by the
pitot tube. Meanwhile, several photographs were taken from each jump using a digital camera to plot
the water surface. Finally, by using the Curve Expert software the variations of water surface profile
were analyzed, and an equation was obtained for determination of water surface profiles. In stilling
basin length, several piezometers were installed at each 10 cm with their ends fixed to a graded plate.
Similarly to the hydraulic jump, several photographs were taken from the piezometers graded plate.
Then, the pressure oscillations were calculated during hydraulic jump. Also, based on the measured
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pressure of installed piezometers, the cavitation coefficient was calculated and the occurrence
probability of this phenomenon was investigated.

Result and discussion

The results showed that at each constant Froude number, Lj/D; was decreased by increasing the
adverse slope, rough bed and positive end step. In this study, the jump length was reduced by 47%
compared to that of the classic condition. Instead, this value had been reported by Pourabdollah et al.
(2014), Parsamehr et al. (2014), and lzadjoo and Shafai Bejestan (2007) to be 39.6, 49.9 and 50 %,
respectively. Hence, stilling basin can be built with smaller length to save expenses. Moreover, a
novel equation was propounded to estimate the water level in accordance with the experimental data.
Observing velocity profiles revealed that the thickness of the boundary layer (8) was increased in
different conditions of adverse slope, bed roughness and positive step as compared to that of the
classical jump. The differences refer to the higher uniformity of the velocity profile along with the
jump of study. Based on the results, the standard deviation of the pressure oscillations (ox) has
decreased by increasing the roughness diameter and height of positive step. Also, the bed roughness
and the positive step in a fixed adverse slope increased the shear stress and reduced the pressure
oscillations. Therefore, the above listed factors reduced ox compared to that of the classical
condition. Calculation of dimensionless coefficients of Cg ,Cp and Cl’D showed that these coefficients
were decreased due to increasing the bed roughness and the height of positive step. In this study, the
maximum C, and C, values were calculated to be 0.088 and 0.090, respectively, corresponded to
0.19< X/Lj< 0.375. Also, the pressure oscillations were measured by piezometers installed in
hydraulic jump length at different conditions, and the minimum cavitation coefficient was calculated
to be 3.87.

Conclusion

In this research, the effect of adverse slope, bed roughness and end positive step on the length,
velocity profiles, water surface and pressure oscillations of the hydraulic jump were investigated. The
results showed that increasing the roughness, adverse slope and the height of end positive step
reduces the length of hydraulic jump and the main reduction was related to gravel roughness with
mean diameter of 2cm, adverse slope of 5% and positive step height of 6cm. Hence, stilling basin can
be built shorter leading to save costs. Based on the results, the thickness of the boundary layer in the
presence of the rough bed, adverse slope and positive step was determined to be 4.44 times of smooth
bed conditions. Moreover, the shear force coefficient (g) was determined to be 12.4 times more than
that of the classic condition. According to the results, the presence of bed roughness, positive step
and adverse bed slope increase the shear stress and, as a result, decrease the pressure oscillations.
Therefore, the factors of adverse bed slope, bed roughness and positive step reduced the cx compared
to that of the classical condition. Also, the dimensionless coefficient of pressure oscillations was
decreased by 64.7% compared to that of the classical jump. In this study, the minimum cavitation
coefficient was calculated to be 3.87, indicating no cavitation phenomena.
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