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Abstract: The stepped spillways consist of concrete steps on the spillway discharge channel to assist in the
dissipation of the kinetic energy of the water flow. This structure reduces size or eliminates the need for an
additional energy dissipator on downstream toe. In this study, an investigation of nappe flow regime has been
carried out to study the influence of operating conditions on the hydrodynamics and mass transfer
characteristics on the steps of the spillway by using two-fluid computational multiphase fluid dynamics
(CMFD) modeling. The numerical work was performed by means of the program ANSYS CFX 11.0
software. The CMFD results are validated with experimental observation. Thus, the numerical performance of
nappe flow is analyzed.
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Basamakl Dolusavaklarda Nap Akiminin Niimerik incelenmesi

Oz : Basamakli dolusavaklar, baraj yapilarmin dolusavak iinitesinden salinan suyun kinetik enerjisini
soniimlemeye yardimci olmak i¢in dolusavak sutu iizerinde yapilandirilan basamaklardan olusur. Bu yapi,
dolusavak boyutunu azaltir veya dolusavak sonunda gerek duyulan ek bir enerji kirict ihtiyacini ortadan
kaldirir. Bu c¢aligmada, iki akighh hesaplamali ¢ok fazli akigkanlar dinamigi (CMFD) modellemesi
kullanilarak, c¢aligma kosullarmin hidrodinamik ve kiitle aktarim ozellikleri tlizerinde akigkan etkisini
incelemek amaciyla nap akis rejimi i¢in bir sayisal arastirma yapilmigtir. Sayisal ¢aligma, ANSYS CFX 11.0
bilgisayar paket programu ile gergeklestirilmistir. Sayisal sonuglar deneysel gozlemle dogrulanmistir. Sonug
olarak, nap akiminin sayisal performansi analiz edilmistir.

Anahtar kelimeler: Basamakli dolusavak, Nap akim rejimi, Hava-su, Hesaplamali akigkanlar dinamigi.

1. Introduction

In nowadays due to prefering roller compacted concrete (RCC) type dams and prefabricated
concrete blocs, stepped spillways have been more popular for design of dams in the worlwide.
Stepped spillway structures reduce the need of large energy dissipater basins at the toe of the
spillway. The flow over a stepped spillway or channel may be divided into three flow types called
nappe, skimming and transition depending on the flow discharge for a given stepped spillway
structure. Nappe flow regime dissipates maximum energy and oxygen transfer for small size
stepped spillway. The energy dissipation on stepped spillway depends upon step number, height,
length and unit discharge. In literature, the studies and information related to stepped spillway and
channel are available such as [1], [2] and [3]. Figure 1 shows nappe flow regime in stepped channel.
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Figure 1. Stepped channel in nappe flow condition

Computational fluid dynamic (CFD) method or tecnique is widely used in research due to an
extensive range of features in different fields of science and engineering to review the performance
of system or design [4]. ANSYS CFX is one of the foremost tools of CFD, which uses the finite
volume technique to study the complex phenomenon such as multiphase flow, chemical reactions,
turbulence and heat and mass transfer in system and design. This method provides the capability to
use different physical models such as incompressible or compressible, inviscid or viscous, laminar
or turbulent, etc. The k—w model model can be used in the simulations [5] (see ANSYS CFX Solver
Theory Guide, 2011).

Chanel et al. studied on assessment of spillway structures modeling using computational fluid
Dynamics approach [6]. Aydin and Ozturk developed a computational fluid dynamics model for
mechanism of air entrainment at spillway aerators [7]. Chinnarasri et al. simulated model for flow
over spillways using computational fluid Dynamics [8]. Also, Dursun and Ozturk investigated flow
characteristics of stepped spillways using numeric model [9].

This paper introduces a numerical and experimental study of nappe flow regime, the hydrodynamics
and mass transfer characteristics on the steps of the spillway by using two-fluid computational
multiphase fluid dynamics modeling. The numerical work is performed by means of the ANSYS
CFX 11.0 (Academic Teaching Introductory version) computer

program. The CMFD results are validated with experimental data. Thus, numerical performance of
the steps for nappe flow regime is analyzed.

2. Experimental Description and Data

The data used in this study were selected and compiled from studies conducted by [10] on a large
model of a stepped channel. All experiments efforts were conducted in a rectangular channel 0.30 m
width and 0.50 m height. All experimental studies were completed in unit discharges (q) ranging
between 16.67 and 166.67 litres/s/m. For the stepped channel studies, the downstream channel was
3.0 m long, 0.35 m width and 0.45 m height. Step height of channel (h) is equal to 0.10 m. The
slope of the stepped channel was selected as 30°.

In experimental studies, nappe flow regime is observed for 16.67 litres/s/m unit discharge. Thus,
numeric analysis is reviewed for this unit discharge in this study.

3. General Methodology for Developing a CFD Model

There are four basic approaches involved in developing a CFD model as shown in Figure 2. The
first step is the design of the model geometry. ANSYS have its own geometry builder. Otherwise,
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the structure geometry of system can be drawn with any computer aided design software and then
imported into the ANSYS module. The second step is creating the mesh. Meshing is the process of
describing the structure using mesh of different shapes and sizes, as cubes, prism, tetrahedral,
hexacore, or hybrid volumes. For each of these mesh units, the hydraulic particulars are computed
using the numerical method in the ANSYS. The developed mesh is then imported into the ANSYS
and the solution is obtained using different solvers depending on the type of analysis. Finally, the
results are analyzed using a separate graphical analysis tool in ANSYS. Alternatively, the results
can also be analyzed within ANSYS which offers some limited functionalities.

1. Prepation of geometry of the
structure

2. Mesh Development

3. ANSYS Model Development &

Computation
"

. |

( 4. Analysis of the results

S

Figure 2. General methodology for numeric model of ANSY'S software
4. Boundary Conditions of Stepped Channel

The boundary limits for the numerical model of nappe flow study are examined as flow velocity
(V), pressure (P) and walls (WALL-solid surfaces). The velocity inlet boundary condition is applied
to determine the water flow rate at the entry of stepped spillway. Boundary conditions of the
numerical study for stepped spillway and channel are given in fig.3.

Figure 3. The model of stepped spillway and its channel according to boundary conditions

To obtain the required flow field, solutions have been obtained by solving the basic governing
equations with inlet velocity normal to main inlet and side inlet as boundary conditions or input
parameters. Further, no slip condition was imposed at the solid surfaces. The characteristics of flow
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was considered to rep-resent water by imposing a density and viscosity value of 997 kg/m® and
0.001 Pass.

4.1. Grid and Iterative Convergences for numeric model

Geometry and grid generation is carried out using ANSYS workbench which is the preprocessor
bundled with ANSYS CFX. In this paper, the numerical model geometries are prepared with
ANSY'S workbench program and are divided into 34712 node numbers and 27809 element numbers
(Fig. 4). The fine and coarse grids are processed in the flow domain and the convergence and
stability of the solution are onteined to be insensitive to the grid size in the main body of the nappe
flow for stepped channel.

0.000 1.000 2.000 (m)
[ aaaaas o)

0.500 1.500

Figure 4. Meshing model for computational domain of stepped spillway

In the iterative solution cases, it must be ensured that iterative convergence is done with at least
three orders of magnitude decrease in the normalized residuals for each equation solved.
Convergence values were taken as 1x10-6. Iteration number was taken as 1000. However, values
were converged to the value 1x10-6 approximately at 150-200 iterations.
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Figure 5. Development of nappe flow regime on stepped channel (q=16.67 litres/s/m)
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5. Results of Numeric Model Study for Stepped Channel

Using computational multiphase fluid dynamics modeling, nappe flow type is analyzed. This
analysis is done by means of the computer package program ANSYS CFX SOFTWARE that
processes finite volumes theory. Fig. 5 presents development of nappe flow regime on step. Fig.6
shows velocity vactors on a step of spillway discharge channel.  The turbulence and mixture
movements develop on the step and corner. In experimental studies, nappe flow is realized for unit
discharge equal to q=16.67 litres/s/m. As seen in the figures, nappe flow is numerically presented
for same unit discharge.  Also, fig. 7 shows pressure contours on stepped channel.

0.000e+000
[m sh-1]

Figure 6. Velocity vactors of flow on a step (q=16.67 litres/s/m)
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Figure 7. Pressure contour on stepped channel (q=16.67 litres/s/m)

2. Conclusions

The computational multiphase fluid dynamics (CMFD) technique has low cost, and its computation
period is shorter than experimental period and studies, so the system parameters can be computed as
much as possible. At the same time, the numerical simulation involves the concept of field, which is
different from the rough mode of traditional design. It can not only reflect the practical flow
characteristics on stepped spillwy and its discharge channel but also obtain the relation between the
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self-sucking flowrate and structural parameters and therefore provide reference for the parameters
design. Numerical simulation can predict the distribution of the pressure and velocity comparatively
precisely, and help to further improve nappe flow of stepped spillway. In present paper, nappe flow
regime of stepped spillway were analyzed using CMFD modeling. Numerical analysis was carried
out by means of the ANSYS CFX program. In experimental studies, nappe flow regime is observed
for unit discharge equal to q=16.67 litres/s/m. As seen in the numeric model studies, nappe flow
type is numerically presented for same unit discharge value. Thus, this study presents prediction of
nappe flow conditions for stepped spillway.
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