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ABSTRACT

It is necessary to build high head dams to meet the energy
requirement for developing world. One of the most important problems
of the high dams is scouring, which threatens the stability of the
dams with increasing height of fall. In this study, the scour at
downstream of free over fall dams has been investigated with numerical
analysis that known as computational fluid Dynamics (CFD). The
classical rectangular weirs were used for analyzes and experimental
runs. The Flow3D software with k-& turbulence model was utilized for
numerical analysis. The equilibrium scour depths were determined for
different head highs (0.25m, 0.50m, and 1.00m) and different discharge
(15, 20, and 30L/s). A sediment layer of 2mm diameter was laid at
downstream of the dam. Then obtained simulation results were compared
with experimental results. According to the results, the relative
error rate was obtained between 3%1-%15. The obtained results showed
that the numerical results agree well with the experimental results.
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1. INTRODUCTION

The weirs are water structures that have an important place in
hydraulic engineering. These structures, which can be designed in many
ways, are frequently wused 1in water engineering. The excess water
accumulated in the reservoirs of the dam or channel is discharged from
upstream to downstream with the help of these structures (Figure 1).
The potential energy of the initial water turns into kinetic energy
for free fall weir. For this reason, water Jjet erodes sediment and
threatens the stability of the hydraulic structure.

Figure 1. Classical rectangular weir
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The researchers have used CFD simulation to investigate different
topics up to now. Wang and Adeff [1] improved a method using the
finite-element-based for the three-dimensional model. Van Rijn [2]
utilized a 3D approach and computed sediment transportation only
gradually varied open channel condition. Demuren and Rodi [3] utilized
3D turbulence model for a curved channel. Lin and Falconer [4]
suggested three-dimension baffles using the Cartesian model to estimate
suspended sediment mass. Olsen and Kjellesvig [5] composed two and
three-dimensional models to determine the discharge capacity of
spillways. The researchers used the Navier-Stokes equation for the
turbulence model. The obtained results agreed well with experimental
data. Savage and Johnson [6] studied the non-standard oge-crested
spillway. The researchers compared two physical models with CFD
analysis method. Yoo, et. al., [7] utilized Flow-3D program to study
flood dam’s hydraulics. They obtained similar results with manual
results. Amorim, et. al., [8] studied 1/100 scale model of Porto
Colombia hydroelectric power plant and CFD model. The researchers used
the Navier-Stokes equation for turbulence flow and wvolume of fluid
method (VOF). They obtained satisfactory results.

Vasquez and Walsh [9] utilized CFD simulation of local scour in
complex piers under tidal flow. They defended that three-dimensional
analysis results could be used as an alternative method. Rady [10] used
Flow-3D program to estimate discharge capacity of sharp-crested
rectangular sluices. The researcher pointed out that using two and
three-dimensional model have more advantages. Epely-Chauvin, et. al.,
[11] wutilized Flow-3D to investigate local scour in plunge pool for
different sluice angle. They used k-g turbulence closure. The obtained
results agree with experimental results. Wang, et. al., [1l2] studied
the local scour of Dbridge piers using numerical analysis and
experimental study. The researchers used Flow-3D ©program, k-g
turbulence closure, and LES (Large Eddy Simulation) method. The
obtained results of numerical analysis agree well with experimental
results. They defended that the numerical analysis is cheaper than an
experimental study. In this study, the scour depths have been
determined using Flow-3D packed program. The finite- element based
with k-¢ turbulence closure has been employed to solve the flow field.
A model has been proposed to simulate the scouring process using non-
cohesive sediment (ds,=2mm), three different discharges (15, 20, and
30L/s) and three different head highs (0.25, 0.50 and 1.00m). The
obtained results have been compared with experimental results.

2. RESEARCH SIGNIFICANCE

Local scour can be described as a local erosion event caused by
the water movement. Examples of local scour are found at places where
the flow 1is accelerating, such as bridge piers, energy breaking
structures, or where turbulence occurs. For the prevention of local
scour which are detrimental to water constructions, it is important to
determine the probable depth of local scour and their geometry,
project, and operation. The reason for the collapse of many historical
water structures is local scour. Today, due to local scour, hydraulic
structures are damaged and heavy damage is seen (Figure 2). For this
reason, the issue of the scour in hydraulic structures is a current
issue.
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(a: Kediri Groundsill weir at (b: Mrican weir af Ga&aah Wong.
Logawa River) River) [13]
Figure 2. Damaged weir samples at Indonesia

3. NUMERICAL METHODS

Flow-3D is a general-purpose computational fluid dynamics (CFD)
software that has been used to simulate flow field. Fluid motion is
defined with non-linear, transient, second-order differential
equations. This method is called as CFD. A numerical solution of these
equations involves approximating the wvarious terms with algebraic
expressions. The resulting equations are then solved to yield an
approximate solution to the original problem. The process is called
simulation [147]. CFD program uses Navier-Stokes and continuity
equations in the simulations. This technic 1is gquite fast in getting
results thanks to evaluate lots of parameters at the same time. The

equations of CFD for three-dimensional analysis as follows:
ou 01; 0w

ax 0y 02 =0 (1)
Fru v twi= 2L X 4o (—+ ZZ;‘) (2)
%+ug—2+vg—;+w%=—la—p+y+ vy 0" 022) (3)
‘;—":+u‘;—";+v‘;—"yv+wf;—"zv:—la—p+z+ < 0W +2% (4)

where u, v, w are the Ve1001ty components of x, y, z coordinate
system, respectively. p is the fluid density, p is the pressure, t is
the time, v is the dynamic viscosity, and X, Y, Z acceleration force
according to Cartesian coordinate system. The Flow-3D program has been
utilized to estimate equilibrium scour depth at downstream of
classical rectangular weir with free overfall. In this study, three
different head highs (25cm, 50cm, and 100cm) and three different
discharge (15, 20, and 30L/s) have been used to run total nine
analyses. The upstream channel has 6.00m long and 0.51lm width.
Monotype sediment material (dso=0.002m and p=2600t/m’) placed at
downstream of the weir and sediment layer has 1.50m high and 1.25m
width. The sediment layer has 1.50m high and 1.25m width at downstream
of the weir (Figure 3a). The classical rectangular weir has 0.25m
height, 0.167m width and 0.05m thickness. The total weir high is 0.70m
(Figure 3b).
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Figure 3. a) Designed numerical model b) The classical rectangular
welr

As shown in the Fig.4, three mesh blocks have been used in this
study. The first one is the downstream of the weir and in this block;
mesh size has been determined 0.03m for every rectangular grid. The
second one is the weir region and 0.015m rectangular grids have been
used. The last one is the upstream of the channel and 0.06m rectangular
grids have been utilized. Totally, approximately 340.000 mesh cells
have been used for this study.
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Figure 4. Mesh blocks

The boundary conditions of the study have been shown in the
Figure 5. To designate boundary condition, ‘Q’ character at upstream of
the channel has been used and it refers to discharge. ‘P’ character at
downstream of the channel has been utilized and it refers to pressure
elevation. ‘W’ character refers to wall condition at right and left
side of channel. 'S’ character in the junction area of the mesh blocks
refer to symmetry.
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Figure 5. Boundary conditions

Analyzes have been run for 3600 second and k-e turbulence closure
have been chosen. The critical Shields number has been selected as
0.06.

4. RESULTS AND DISCUSSION

Nine analyses have been run for different discharge and head
high. The obtained results have been compared with experimental
results. The experimental study has been carried out at Firat
University Hydraulic Laboratory (Turkey). Dey and Raikar [15] (2007)
conducted 9-hour experiments for equilibrium scour depth. They stated
that the equilibrium scour depth obtained at about 600 seconds.
Researchers have argued that the depth of scour changed exponentially.
The Equation (5) has been suggested by researchers.

ds = dse [l—exp(—t/a)] (3)

where, t 1is the time, d; is the scour depth at ¢, d.. 1is the
equilibrium scour depth, and & is the time scale. As shown 1in the
Figure 6, the numerical and experimental studies have been compared
and exponential curve have been fitted as suggested by Equation (5).
According to graphs, the equilibrium scour depth has been obtained at
about 1 hour for each study. The numerical and experimental results
are compatible with each other. In addition, that the exponential
curve 1s agree well with the numerical and experimental studies.
Moreover, the scour depth is increasing with increased discharge.
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Figure 6. a) For Q=15L/s, H=25cm, and T=25cm b) For 0=30L/s, H=100cm,
and T=25cm
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Where, Q is the discharge, H is the head high and T is the tail
water. The correlation coefficient (RZ) of experimental and numerical
studies varied between 0.87-0.99 and 0.92-.099, respectively. The
relative error varied between 1.62-13.85 percent. This value is
acceptable for numerical analyses (Table 1).

Table 1. The result of the numerical and experimental studies

g % Q Experimental Study CFD Riiii;ye
o |§

i ﬂ é 2 d d 2 d d

— o se sn se sn )

g 24 (L/s) R (e T (=) (e R (e T (=) (e (%)

1 1 15 0.97 |14.38(0.145| 17.6 0.99 |16.63 |0.198 | 16.5 6.6667

2 2 20 0.98 |16.72(0.131] 18.2 0.99 |18.56|0.154 | 18.5 1.6216

3 4 30 0.87 23.1 | 0.142 | 23.2 0.95 |121.72|0.197| 21.6 7.4074

4 5 15 0.99 |16.63(0.199|17.71| 0.98 [14.37|0.145( 18.2 2.6923

5 6 20 0.96 |16.39(0.168|18.22 | 0.93 [17.81]0.272(21.15 13.8534
6 38 30 0.99 |17.78 0.1 21.57| 0.92 [23.41]0.202(24.22 10.9413
7 9 15 0.98 | 13.05(0.202]17.76| 0.93 [15.78|0.401|16.01 10.9306
38 10 20 0.99 |15.74(0.136]17.38| 0.94 [17.16|0.232|17.76 2.1396

9 12 30 0.96 |18.28[0.174]121.59| 0.97 [22.76]0.266|23.08 6.4558

in which, di, is the equilibrium scour depth

5. CONCLUSION

In this study, the equilibrium scour depth at the downstream of
the classical rectangular weir has been estimated with the CFD method.
The obtained results show that the equilibrium scour depth is obtained
at about 1 hour for the numerical and experimental studies.
Furthermore, the exponential curve agrees well with results.

ACKNOWLEDGEMENT
This work was financially supported by the Scientific and
Technological Research Council of Turkey (TUBITAK) . The Flow-3D

software was procured by the TUBITAK under Project No. MAG 115M478.
This study was carried out in the context of Erding Ikinciodullari’s
PhD thesis at Firat University. The authors would like to thank Mustafa
TUNC (Firat University, Turkey) for their contributions.

REFERENCES

[1] Wang, S.3.Y. and Adeff, S.E., (1986). Three-dimensional
Modelling of River Sedimentation Processes. Proc., 3rd
International Symposium. on River Sedimentation, University of
Mississippi, University, Miss, 1986.

[2] Van Rijn, L.C., (1987). Mathematical Modeling of Morphological
Processes in the case of Suspended Sediment Transport. Delft
Hydr. Communication No:382.

[3] Demuren, A.0. and Rodi, W., (1986). Calculation of Flow and
Pollutant Dispersion in Meandering Channels. J. Fluid Mech.,
Cambridge, U.K., 172, 63-92.

[4] Lin, B.L. and Falconer, R., (1996). Numerical Modeling of Three-
Dimensional Suspended Sediment for Estuarine and Coastal Waters.
Journal Hydraulic Research, 34:1, pp:435-455.

[5] Olsen, N.R.B. and Kjellesvig, H.M., (1998). Three-Dimensional
Numerical Flow Modeling for Estimation of Spillway Capacity.
Journal of Hydraulic Research, 36:5, 775-784.

[6] Savage, B.M. and Johnson, M.C., (2001). Flow over Ogee Spillway:
Physical and Numerical Model Case Study. Journal of Hydraulic
Engineering. Vol:127, No:8, pp:640-649.



3@ International Science Symposium (September 05-08, 2018),
Pristina-Kosovo (I1552018), 1A31PB; pp:1-7.

Sungyul, Y., Hong, K., and Hwang, M., (2002). A 3-dimensional
Numerical Study of Flow Patterns around a Multipurpose Dam.
Proceedings of the 5th International Conference on
Hydroinformatics, Cardiff, UK.

Amorim, J.C., Rodrigues, R.C., and Marques, M.G., (2004). A
numerical and Experimental Study of Hydraulic Jump Stilling
Basin. Advances in Hydroscience and Engineering 4.

Vasquez, J.A. and Walsh, B.W., (2009). CFD simulation of Local
Scour in Complex Piers Under Tidal Flow. 33rd IAHR Conference
Water Engineering for a Sustainable Environment, Vancouver.

Wu, W., Rodi, W., and Wenka, T., (2000). 3D Numerical Modeling
of Flow and Sediment Transport in Open Channels. Journal of
Hydraulic Engineering, 126(1):4-15.

Reda, M.R. and El-Hady, A., (2011). 2D-3D Modeling of Flow Over
Sharp-Crested Weirs. Journal of Applied Sciences Research,
pp:2495-2505.

Wang, C., Liang, F., and Yu, X., (2016). Experimental and
Numerical Investigations on the Performance of Sacrificial Piles
in Reducing Local Scour Around Pile Groups. Natural Hazards, 1-
19.

Yulistiyanto, B., (2009). Local Scour Downstream of a Weir with
Various Type of Stilling Basin Proc. International Conference on
Sustainable Development for Water and Wastewater Treatment,
Muwarek, 14-15 December, 1-8, Yogyakarta. 20009.
/flow3d/v1l.2/help/theory.html#overview

Dey, S. and Raikar, R.V., (2007). Scour below a high vertical
drop. Journal of Hydraulic Engineering, 133(5):564-568.



