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Introduction

Hydraulic jumps are the most important type of rapidly variable flow that occur in from the
supercritical state to the subcritical state with the sudden increase of the water free surface in a
relatively short path, and usually has a high kinetic energy dissipation. The presence of a barrier
against the flow will result in the separation of the inlet jet and more energy depletion resulting in
increased shear stress and increased drag force. As a result, the jump length and conjugate depth
decreases. These obstacles must be structurally sound because they are directly in front of the jet. If
the flow rate exceeds 17m/s, it will cause a cavitation phenomenon (peterka, 1985). Another factor
that can reduce the dimensions of a hydraulic jump is the roughness of the floor. Rajarathnam(1968)
conducted the first systematic studies of jumping on a rough bed. The results of Rajaratnam were
confirmed by Hager(1992), and, with their study of acoarsebed, Ead and Rajaratnam(2002) showed
that the jump length on the rough bed is almost three times the conjugate depth (L;/Y,=3). Shows that
the rippling bed has halved the length of the jump to the length of the USBR-I pond. Studies on
roughened bed reveal that the use of rough substrates requires more experiments to determine the
proper shape of roughness. Hence, in this study, roughnesses in cubic, triangular and cubic and
triangular combinations with zigzag arrangement have been investigated on the hydraulic jump
specification in the rang of 5.13 to 9.75 froud numbers.

Methodology

To achieve the goals of this research, various experiments are required. For this purpose, a
laboratory flome with a length of 15m, a width of 0.3m and a height of 0.5m was used in the
hydraulic laboratory of the faculty of engineering sciences of shahid chamran university of ahvaz. In
order to provide the necessary amount of water to create a supercritical stream, from an over flow to
altitude 34 centimeter and from the plexiglass was used. The rough parts used by of the genus
plexiglass with a height of 1.6 centimeter with a perpendicular cross section in cubic, triangular and
combination cubic and triangular shapes with a width( perpendicular dimension) of 1.6 centimeters
with Autocad software designed and cut by laser. And in rows at intervals of 4.8 cm, with a length of
105cm(equivalent to the maximum length of the jump formed on a flat bed), were placed on a plate
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on the flume floor by means of an aquarium glue. The manner in which each test was performed
after installing the elements rough, as indicated, the pump was switched on and the flow of water was
allowed to flow slowly into the flume. These conditions were kept constant for data capture for a
sufficient period of time. During this period, the initial depth, the secondary depth, jump length
measured and recorded. For picking the length of the jump from the ruler with a precision of one
millimeter, and for taking the initial depth and secondary depth of the depth glass(point gage) is used.
For this study, a total of 20 experiments were conducted in the range of froud numbers from 5.13 to
9.75 and a discharge of 7.8 to 20.77 liters persecond.

Results and Discussion
To illustrate the reduction rate in the conjugate depth of the substrates with rough elements
compared to the smooth bed, the non-dimensional coefficient D is used in the form of relation(1).

Dz%*mo 1)
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In relation (1), Y, and Y, are respectively the conjugate depth in a flat bed and rough bed.
Explaining that the parameter D for each rough element is a Froud number function. The average
values of D for cubic, triangular and combination cubic and triangular rough elements are 21, 23 and
25 percent, respectively, and the average for all three forms of roughness is 23 percent, with the
highest of which is due to the existence of a rough elements of combination cubic and triangular. The
relation below shows the percentage of reduction in the length of the hydraulic jump compared to the
flat bed.
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In relation (2), Lj and Lg, the length of jump in a flat bed and rough bed are respectively. The

mean values of a for cubic, triangular and cubic and triangular elements are 33, 37 and 39 percent,
respectively, and the average jump length reduction for each of the three form is 36 percent, which is
the highest drop in jump length related to rough elements are cubic and triangular combinations. In
order to show the amount of energy loss, substrates with coarse elements, as compared to energy loss
on a flat bed, have been used from the dimensionless coefficient (G) in the form of relation(3).

G="2F, 100 3)
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In relation (3), E{ and E, are respectively the energy losses in a horizontal flat bed and the energy
loss in jumping on a rough bed. According to equation(3), it can be seen that the energy depreciation
relative to the flat bed on the average in a rough bed cubic, triangular and combination of cubic and
triangular respectively substrate is 11, 12 and 13 percent, most of it is related to the rough elements of
a cubic and triangular composition. The increase in the shear stress coefficient versus the smooth bed
is on average for cubic, triangular and combination of cubic and triangular rough elements,
respectively, 12, 13 and 13.5, which is the highest value for the rough elements of a cubic and
triangular combination, indicating it is that the rough elements of a cubic and triangular combination
increase the shear stress coefficient by 13.5 times that of a flat bed.

Conclusions
In this research, the effect of rough elements with different shapes cubic, triangular and cubic and
triangular combinations on the characteristics of hydraulic jump type(A) were investigated. A total of
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20 experiments were carried out. The most important results are that the jumping depth on the
substrate with all three rough (cubic, triangular and combination of cubic and triangular) elements is
less than that of a flat bed. The amount of reduction for each shape depends on the Froud number.
The largest decrease is related to the cube and triangular combination of rough components with a
25% reduction. Also, the jump length on the rough bed decrease with respect to the flat bed, and this
decrease with increasing Froud number increases, with the largest decrease of the fractional
components of the rough combination cubic and triangular shapes equal to 39%. The maximum
relative energy loss in the rough bed is about 75%, and the highest energy loss is compared to the flat
bed of 13, which is related to the roughness combination of the cubic and triangular. On average, the
greatest increase in the shear stress factor or coefficient relative to the flat bed related to the
combination cubic and triangular roughness is 13.5. This suggests that the rough components of a
cubic and triangular combination increase the shear stress coefficient by 13.5 times the flat bed.
Finally, it can be said that the combined roughness of cubic and triangular to cubic and triangular
roughness has the best performance in reducing the characteristics of hydraulic jumps.
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