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ABSTRACT

Introduction

Scouring occurs when the shear stress of the flow in the river is greater than the critical shear stress of the materials forming the bed. One of the
kinds of scouring is the scouring of the bottom of the horizontal apron. The horizontal apron is one of the in-river structures, which is used
downstream of stilling basin and as a bed for in-river structures. One of the most important problems of using aprons is their downstream
scouring. Because the stream flows after passing through the aprons erodes the alluvial bed of the river and causes the erosion to intensify after
that. Therefore, before using this protective structure, an accurate estimate of the erosion rate should be obtained.

Methodology

In this research, the numerical simulation downstream of the horizontal apron using the Flow3D model, for three Manning’s roughness
coefficients of 0.025, 0.02 and 0.014, five Froude numbers were 0.32, 0.3, 0.25, 0.2, and 0.15 and also for a particle diameter of 1.8 mm, a
total of 15 currents tests were simulated. After comparing the data of this research with the laboratory data of Valizadeh et al. (1401), the
validation of the model done accepted according to numerous implementations, finally Nelson's sediment transport model with the k-¢
turbulence model had the most accuracy with the laboratory results.

Results and discussion

According to the results of the numerical model, it was observed that in all the scenarios related to the roughness coefficients, with the increase
of the roughness coefficient of the apron, the amount of the maximum amount of scouring decreases. The reason for this is the increase in
resistance to the flow in the aprons area, which reduces the scouring rate in the downstream. Also, with the increase of Froude number, the
starting point of the scour hole has become closer to the bottom of the apron, and with the decrease of the Froude number, the scour hole has
occurred in a place further away from the bottom of the apron. The reason for this is related to the strength of the flow in higher Froude numbers.
In addition, with the increase in velocity, the amount of shear stress has decreased. According to Manning's equation, velocity decreases with
increasing depth; As a result, it increases the shear stress in the scouring area. It was also demonstrated that the shear stress decreases with the
increase of Froude number and decrease of bed depth.

Conclusions

The results showed that with the increase of the roughness factor of the horizontal apron, the amount of the maximum scour hole decreases.
Also, with the increase of Froude number, the starting place of the scour pit has become closer to the bottom of the horizontal apron, and with
the decrease of the Froude number, the scour hole has occurred in a place further away from the bottom of the apron.

Also, the results show that the rate of erosion increases with the increase in velocity along the apron. According to Manning's equation, velocity
increases with decreasing depth; As a result, it increases the erosion along the horizontal apron. It was also observed that with the decrease of
Froude number and increase of bed depth, erosion decreases and subsequently sedimentation increases.
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