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ABSTRACT

Taziz Al-Taziz irrigation pumping station, within Al-Muthanna Governorate, Iraq, was
studied, aiming at investigating the performance of its stilling basin in reducing the energy
of the water out of the discharge pipes outlet. The study relied on the results of the physical
model of the basic design of the stilling basin and the use of ANSYS Fluent 21.0 software to
simulate both the basic design and the as-built stilling basin. The physical model was
constructed and studied by the Center for Studies and Engineering Designs of the Iraqi
Ministry of Water Resources. Simulations showed the variation in velocity within the basic
design of Taziz Al-Taziz pumping station to be 3.98 m/s to 0.209 m/s in the basin, with an
average velocity at the beginning of the canal of 1.4 m/s. For that, as built Taziz Al-Taziz, the
velocity results showed a variation of 3 m/s to 0.209 m/s within the basin with an average
velocity of 1m/s at the beginning of the canal. By converting the physical model's measured
results to a prototype, the average velocity at the beginning of the canal is 1.28 m/s. The
efficiency of the basic design stilling basin is 30.7%, while that for the as-built is 50.5 % and
36.7% for the physical model. This indicates the quality and efficiency of the as-built stilling
basin in dispersing a significant percentage of water energy from the pipes. Moreover, it was
found that no negative pressure is developed within the basins.

Keywords: Stilling basin, ANSYS fluent, Hydraulic design, Velocity distribution, Pumping
station, Coupled algorithms.

1. INTRODUCTION

Stilling basins are hydraulic structures that are used to reduce the velocity of water flowing
from pipe outlets and to reduce its energy before it reaches the canal. This process protects
the bed and sides of the canal from corrosion. The General Authority for Irrigation Projects
Operation of the Iraqi Ministry of Water Resources has a problem in one of its irrigation
pumping stations. This station is known as Taziz Al-Taziz Irrigation Pumping Station, located
within Al-Muthanna Governorate. The stilling basin of this pumping station reached its
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maximum water level, and high velocities were noticed at the downstream side of the basin.
Numerous studies on hydraulic performance and water flow have been completed over the
years.

(Behnamtalab et al.,, 2023) focused his study on how the United States Bureau of
Reclamation USBR VI stilling basin works in dispersing the energy of turbulence by
analyzing various flow characteristics, including average and maximum velocities, turbulent
dissipation rates, and turbulent kinetic energy. The goal is to investigate the effects of two
key parameters, Froude number Fr and the width-to-depth ratio (W/D), on the flow
characteristics within the USBR VI stilling basin. The researchers used numerical
simulations to monitor the turbulent flow characteristics in the USBR VI stilling basin by
using 3D Flow software and FVM to solve the equations. They specifically used the RNG k-¢
turbulence model. They looked at the velocity profiles and pressure measurements to
validate their findings, achieving a close match with an average error of about 1.2%. The
W/D ratio from 3.50 to 9.23 significantly affects the flow characteristics in the USBR VI
stilling basin. Similarly, the maximum velocity reduction at the end of the basin increases
from 40% to 87% as W/D increases.

(Zaffar and Hassan, 2023) examined the hydraulic performance of the stilling basins at
Taunsa Barrage, with a particular emphasis on how design modifications impact their
effectiveness. Comparing the basins before and after they were remodeled is part of this.
Uses AutoCAD to create the stilling basin designs and FLOW-3D to simulate three-
dimensional fluid flow using the finite volume approach. When it came to energy dissipation,
they discovered that the old stilling basin performed better than the new one, and the old
stilling basin's initial Froude number (Fr) decreased as the tailwater increased, and the new
basin's maximum efficiency was approximately 55%. In contrast, the old basin hydraulic
jump efficiency was higher, reaching up to 56% at specific tailwater levels. On the other
hand, in the new stilling basin, when tailwater levels rose, so did the Froude number and the
subsequent depths, and this suggested a more turbulent flow, which dissipated energy less
effectively.

(Sharma et al., 2021) refer to assessing how well the impact stilling basin functions in
dissipating energy from flowing water, and the simulations are executed in Fluent R15.0 to
develop a three-dimensional model of the impact stilling basin using ANSYS Workbench and
analyze the performance of the impact stilling basin in different scenarios and the
simulations revealed that the maximum energy dissipation occurs when the baffle wall is
positioned at a distance of 4d from the inlet and 1d from the floor, 'd' is defined as the
equivalent diameter of the pipe outlet and the research confirms that the impact stilling
basin is effective in dissipating energy from flowing water, the placement of the baffle wall
significantly influences the energy dissipation process, which is crucial for preventing
erosion and scouring downstream.

(Mohammed et al., 2020) aimed at increasing the energy dissipation, lowering
downstream flow velocity, and developing a design of stilling basins used in sewage
networks to keep the outlet structures from eroding and scouring. The study applied the
numerical simulation techniques in FLOW-3D to determine the best stilling basin designs by
adjusting variables, including the Froude number, intake pipe height, and the shape and
arrangement of dissipators. After testing six distinct disperser shapes, the optimal model
was chosen based on the greatest energy dissipation ratio (AE/E1), which ranged greatly
between 16% and 85%. As the Froude number (Fr) rose, the energy dissipation ratio
improved, and they discovered that the turbulent energy dissipation ratio (AE/E1) changed
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dramatically, suggesting that the stilling basins' layout and design had a considerable impact
on their performance.

(Babaali et al., 2019) tried to improve the energy dissipation in stilling basins, particularly
in cases of discharges exceeding design capacity. An adverse slope is introduced at the end
of (USBRII) stilling basin in the Nazloochay dam model and the study employs a combination
of numerical simulations using Flow-3D software and experimental data to investigate
various hydraulic parameters and these parameters include pressure distribution, Froude
number, water surface profile, air entrainment, and turbulent dissipation, particularly for a
discharge rate of 300 m3/s and the research confirms the accuracy of the numerical model
by comparing it with experimental data. It highlights the effectiveness of the numerical
model, with a particular emphasis on the results obtained using the RNG turbulence model,
and the study also provides insights into the variations in turbulent dissipation along the
length of the stilling basin. Overall, this research aims to enhance the hydraulic performance
of stilling basins, contributing to practical applications in the field of hydraulic engineering.
(Soori et al., 2017) Suggests enhancing the design of particular structures at the USBR 11
stilling basin type, and the primary objective of the research is to determine the appropriate
arrangement for the inlet and outlet barriers at the USBR II stilling basin to enhance their
ability to regulate water flow and dissipate energy. Using Flow-3D software to simulate the
flow, the researchers examine several barrier designs, including variations in height and
thickness, to ascertain which arrangement is most effective for discharges of 830 m?/s.
According to the findings, the highest performance was obtained when barriers that were
one and a half meters high were used, together with three steps at the stilling basin edge.
(Valero etal., 2016) examined the flow in a USBR II stilling basin, especially when discharge
levels were higher than those for which the basin was initially intended. A computational
fluid dynamics CFD model was created for simulations, and a reduced-scale physical model
was built for tests. Using numerical and physical models, the study effectively reproduced
the hydraulic jump form, velocity profiles, and pressure distributions seen in the USBR II
stilling basin.

(Babaali et al.,, 2015) investigated the hydraulic jump in a convergence stilling basin,
particularly the USBR II basin at the Nazloo Dam in Iran and the research uses a numerical
model, specifically the FLOW-3D software, to simulate the hydraulic conditions and the
study employs two turbulence models, k-€¢ and RNG, and compares their results with
physical model data and the numerical model accurately predicts parameters like velocity,
pressure, Froude numbers, air entrainment, and hydraulic jump efficiency and the findings
suggest that the basin with converged walls performs better in creating hydraulic jumps
than parallel walls and the study highlights the effectiveness of numerical modeling as a cost-
effective alternative to physical models for assessing hydraulic jump behavior in stilling
basins and the RNG turbulence model, in combination with the volume-of-fluid (VOF)
surface tracking method, provides accurate results for 3D fluid motion patterns.

(Peterka, 1964; Aleyasin et al., 2015) specified the particular design of the stilling basin
being studied, and type VI refers to a classification used by the USBR indicating a specific
geometry and function, and the term "short impact” implies that the basin is designed to
handle flows with a short hydraulic jump, which is crucial for energy dissipation. By
analyzing and improving how effectively the Type VI short impact stilling basin dissipates
energy from turbulent flows and the research involves measuring flow velocities at various
locations within the basin under different Froude numbers. And compares the performance
of the standard USBR VI basin with modified configurations that include various splitter
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types and baffle placements. Strong vortices were observed both upstream and downstream
of the impact baffle during tests, and these vortices play a significant role in dissipating
kinetic energy from the flow, which is essential for reducing turbulence and potential
scouring downstream. The study provided quantitative data on streamwise velocities across
various tests. It was found that the local velocities varied, with lower velocities at certain
points indicating effective energy dissipation, and the results also showed that maintaining
a balance in flow rates is crucial for the basin efficiency, and the combination of cellular
baffles and flow splitters significantly improves the dissipation of kinetic energy in the
stilling basin. Specifically, splitter type 2 was identified as the most effective in achieving
calm flow and reducing turbulence.

(Tabatabai et al.,, 2014) Investigated stilling basins with a sinusoidal bed shape by
examining the flow characteristics of a stilling basin by the uses of a computational fluid
dynamics program called Flow 3D to simulate and illustrate the flow patterns and the
channel used for the testing had dimensions of 12, 3.0, and 4.0 for length, width, and height,
respectively and the height of sinusoidal bumps is 10, 20, and 30 mm, and their wavelength
is 40 mm. In this study, the range of Froude numbers is 4.6 to 12.2, and this method enables
a thorough examination of how the bed's sinusoidal form affects water circulation, and the
simulations reveal different flow patterns driven by the sinusoidal bed form. Variations in
velocity and turbulence levels are among these patterns. Higher turbulence can improve
mixing and energy dissipation, two processes that are critical to stilling basin performance
and the study concludes that both physical and numerical modeling techniques are useful
for examining the flow in USBR II stilling basins, especially when discharge levels are greater
than those for which the basin was initially intended and the capacity to adjust is essential
for comprehending and enhancing your performance.

(Aboul Atta et al., 2011) Presented a new baffle rough shape called the T-shape instead of
the conventional cubic form, and to improve stilling basin design, which is utilized to
disperse water flow energy and stop erosion downstream. Involves testing the effectiveness
of a novel T-shaped roughness design in stilling basins through experiments in a hydraulic
laboratory. When compared to a smooth bed, T-shape roughness drastically shortens the
hydraulic leap. Between 7.2% to 8.8% is the ideal roughness intensity found for increasing
energy loss and reducing jump duration. For the intended hydraulic performance to be
achieved, this range is essential.

(Lu et al., 2008) Combined advanced numerical techniques to simulate complex fluid
dynamics involving turbulence and free surfaces, particularly in scenarios where the flow
encounters obstacles and they propose a two-dimensional hybrid numerical model, named
FEM-LES-VOF, which integrates the finite element method (FEM), large eddy simulation
(LES), and the Computational Lagrangian-Eulerian Advection Remap Volume of Fluid
(CLEAR-VOF) method and the model is designed to effectively simulate turbulent free
surface flows that involve violent interactions and complex boundary configurations and the
results indicated that turbulence and vortex structures significantly influence the evolution
of reflection waves in free surface flows. The results from the FEM-LES-VOF model were
found to be in good agreement with previous numerical predictions, particularly in the later
stages of free surface evolution, and the study successfully developed a numerical model for
simulating turbulent free surface flow, combining the three-step Taylor-Galerkin finite
element method, large eddy simulation (LES), and the CLEAR-VOF method.

(Goel, 2007) conducted a real-world trials carried out in a lab environment and the main
objective is to suggest new stilling basin designs that are shorter and more effective than the
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ones that are already in use, particularly the USBR type VI stilling basin and the purpose of
the study is to perform laboratory tests on models that have a 4 cm x 4 cm square aperture
and the stilling basin model length might be decreased from 12.9 times their diameter (12.9
d) to 10.9 times (10.9 d) and this indicates a more compact and effective design since it
represents a decrease of almost 15% when compared to the USBR type VI stilling basin
model. Effective hydraulic performance may be achieved with a more compact design, as
seen by the stilling basin model's decreased length.

All of the above were laboratory experiments and field observations. Computer simulations
were used in various studies on different stilling basins with different dimensions and
designs to study and analyze the behavior of water and energy dissipation mechanics and
their downstream effects. This study uses the numerical method to analyze the behavior of
water pipe outlets. This study aims to Develop and verify a comprehensive mathematical
model by using the ANSYS Fluent 21.0 software, which combines pressure and velocity
techniques with an emphasis on pressure-based and momentum-coupled algorithms with
applied the k-¢ turbulent model and finite volume method VOF to simulate the water flow
and using the developed model to investigate and analyze the hydraulics of the flow and the
energy dissipation mechanisms within stilling basins. The results of the mathematical model
will be compared to the physical model designed by the Center for Studies and Engineering
Designs. A comprehensive investigation can help create designs that enhance sustainability
and performance.

2. DESCRIPTION OF THE STILLING BASINS

According to data from (Center of Studies and Engineering Designs, 2024). The stilling
basin of the Taziz Al-Taziz pumping station is shown in Fig. 1. It has a dimension of 8 m in
length, 12 m in width, and 5 m in height, with top and bed levels 18.3 and 13.3 m.a.m.s.l.
Respectively. Three operational pipes with a diameter of 1.6 m and one standby pipe
discharging a maximum of 15 m3/s.

Pipe dia=1.6m

Ko

3 X .00 0,
Inlet flow=15n1/s  — —— ™
7.500 22500

3:pipes for operation
1:pipe as a standby

Figure 1. Geometry of the basic design of the stilling basin.

By knowing the distance of the pipe opening from the retaining wall and the height of the
wall, the angle of inclination of the pipe inside the basin was calculated to be 36°, and the
height of the pipe opening from the bed of the stilling basin is 1m. The basin is connected to
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a main irrigation canal designed with a 4.75 m bed width, 3m height, a 1:1.5 side slope, and
a longitudinal slope of 15 cm/km. The canal is lined by using smooth concrete with a
Manning roughness of 0.015. The canal bed and top levels are 14.8 and 17.8 m.a.m.s.l,
respectively. The water level at station zero of the canal reaches 16.8 m.a.m.s.l.

To examine its hydraulic performance, a physical model was constructed according to the
basic design drawings of the stilling basin of Taziz Al-Taziz pumping station by The Center
of Studies and Engineering Designs of the Iraqi Ministry of Water Resources, Fig. 2 shows
the model setup that was carefully designed to reflect the characteristics of the stilling basin
and part of the main canal. The model scale was chosen to be 1:16.

Figure 2. The physical model is installed in the laboratory of (Center of Studies and
Engineering Designs, 2024).

During a site visit to the Taziz Al-Taziz pumping station, as shown in Fig. 3, it was found that
its stilling basin doesn’t match the basic design. Some modifications were made to the basic
design. The design stilling basin was merged with a stilling basin of an old, demolished
pumping station.

Figure 3. A view of the Taziz Al-Taziz pump station.
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A survey team conducted a field measurement to obtain as-built dimensions of the stilling
basin, as shown in Fig. 4.

i

"0

29m

e The N
Pipe dia.=1.6m old stillj > W
Inlet flow=15m ¥s ng baSin s\\

3:pipes for operation o 2000 Q0m)
1:pipe as a standby . _nN = ?

Figure 4. As built geometry.

3. VELOCITY MEASUREMENTS CONDUCTED ON THE PHYSICAL MODEL

An electromagnetic velocity measurement device was used to measure the flow velocity
across the flow path at the upstream side of the canal of the physical model. It is 75c¢m from
the downstream end of the stilling basin in the model. This equals 12 m in the prototype. The
measurements were conducted under consistent conditions, with the total water depth
maintained at 12.5 cm, and this depth equal to 2 m in the prototype.

Table 1 lists the velocity profiles that were recorded in the model and the calculated
prototype velocities. The velocity in the model was recorded at different depths across the
section at three locations. Left side at a distance of 3cm from the left side wall, center, and
right at a distance of 3cm from the right side wall of the section. The subscripts m and p refer
to the model and the prototype, respectively.

Table 1. Velocity Profile at the beginning of the Canal.

Depth, cm Velocity.at the left Velocity at the Velocity filt the right
side center side
din(cm) dpm) Vm(cm/s) Vp(m/s) Vm(cm/s) Vp(m/s) Vm(cm/s) Vp(m/s)
2.5 0.4 0.28 1.12 0.29 1.16 0.25 1
5 0.8 0.26 1.04 0.31 1.24 0.27 1.08
7.5 1.2 0.23 0.92 0.31 1.24 0.29 1.16
10 1.6 0.23 0.92 0.34 1.36 0.33 1.32

4.STRATEGY OF ANSYS PROGRAM

This study is focused on developing a detailed and comprehensive mathematical model that
integrates the Navier-Stokes equations to describe the flow mechanics within the hydraulic
system effectively, which combines pressure and velocity techniques with an emphasis on
pressure-based and momentum-coupled algorithms and by incorporating well-established
turbulence models, such as the Realizable k-¢ because it provides better predictions in
situations with significant turbulence, such as near walls or in curved geometry (Darwish
and Moukalled, 2009; Fluent, 2011; Yousif et al., 2015; Shaheed and Azzubaidi, 2022)
as a model, and for multiphase flow using volume of fluid VOF. (Fluent, 2011; Alwan and
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Azzubaidi, 2021; Alsarefi and Azzubaidi, 2021; Azeez and Azzubaidi, 2022). The
research aims to provide an accurate representation of the turbulent flow phenomenon
within the stilling basin, and these turbulence models are essential for capturing the complex
behaviors of fluid flow, particularly in environments where turbulence plays a significant
role. Fig.5 shows the CFD process presented by (Zuo, 2005).

Fluid
C isond
Fluid Mechanics Problem ‘\m::::;:sszl
o
Physics of Fluid C Simulation Results
Mathematics Computer

J F

Navier-Stokes Equations D Computer Program

Numerical \ Programming
Methods | Geometry Language
Discretized Form Grids

Figure 5. Flowchart showing the CFD process. (Zuo, 2005).

4.1 Equations and Tools used in ANSYS Fluent

An essential element for achieving effective design and ensuring sustainable management of
water resources and the Navier-Stokes and continuity equations are numerically solved
using the finite volume method FVM equation these equations are a derivative (Ashgriz and
Mostaghimi, 2002; Biringen and Chow, 2011; Date, 2012; Yang et al., 2017), mass
conservation law for flowing fluids, and Newton's second law. According to the governing
equation for Ansys Fluid can be expressed as follows: Navier-Stokes equations:

ou ow 62 62u ap
p(a U +V_ +W ) 6x2 ay? ) *PGx @
ov ou ov ow y *v | 9*v _op
3 +zz5 +V5 +W¥ =4(52 +ay +622 + 29y 3y (2)
ow ou ov ow y 0%w 62 9%w ap
,0(5 U +”5 tw—)=U(oz e 622) + 0z 3)
Continuity equation:
ou  o0v , ow _
Pl % t-—= (4)
Where:
u, v, and w are the three-dimensional velocity components (m/s).
p is the density(kg/m3).

u is the dynamic viscosity (N.s/m?).
P is the pressure, Pa.
g is the gravitational acceleration (m/s2)
t: is the time (s).
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The turbulent Kinetic Energy k (from the k-e model) used for this model is as follows:
(Petrila and Trif, 2004; Date, 2005; Niyogi, 2006; Versteeg and Malalasekera, 2007;
ANSYS Fluent Theory Guide, 2021; Sharma, 2021; Badr and Azzubaidi, 2023)

d(pk) [7] _ 0 ut Ok

— T a—xj(Pkuj) = gj{o—ka—xj}Jr 2UeSij-Sij —pE ()
0 0 0 pg Ok £ £?

o (Pe) + E(Pkuj) = o oy oxp | Cae i AHeSijeSij ~ ot (6)

Where ut is the turbulent eddy viscosity modeled as:

kZ
ut = Cpdl=pc, - (7)
Ht _ He
5 H s ®)
ut _ Ke
5. - HtE, €))

Where [ is the length scale, and v is the velocity scale

O=k1/2 (10)
k3/2

== (11)

Cu, Cel, 2, 6k, and &¢ are dimensionless constants, which have the following values:

Cu=0.09,Cel =1.44,Ce2 =192, 6k=1.0, 6¢=1.30

o _9ui 9Yj
SU - an + axi (12)
Where:

ui, = Velocities vectors, m/s.

xi, = Space dimensions, m.

K = Turbulent kinetic energy, m?/s*
& = Turbulent dissipation rate, m?/s’

This simplified version of the model can be utilized to understand the equilibrium between
the generation and dissipation of turbulent kinetic energy, and the turbulence kinetic energy
equation, as formulated by (Hanjalic and Launder, 1972) provides a foundational
approach for assessing the behavior of turbulence within fluid dynamics and this equation
allows for the calculation of the energy associated with turbulent flow, which is crucial for
evaluating the efficiency of energy dissipation in hydraulic structures such as stilling basins.

4.2 Computational Mesh Generation

In the process of modeling the stilling basin and canal, an accurate computational mesh was

generated to ensure the precision of the simulations by using unstructured tetrahedral

mesh, and the quality of the mesh was assessed using two important metrics in

computational fluid dynamics CFD: skewness and orthogonality these metrics were carefully
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evaluated to confirm that the mesh was of good quality, as indicated by the results and the
following table outlines the quality ranges for skewness and orthogonality, color-coded for
ease of interpretation as shown in Fig. 6. Mesh independence test was performed to ensure
that the simulation results are not dependent on mesh size. Three different mesh densities
were tested: coarse, medium, and fine. Key hydraulic variables such as velocity and pressure
were compared at critical points within the stilling basin. The results showed a noticeable
difference between the coarse and medium meshes, while the difference between the
medium and fine meshes was negligible. This indicates that the numerical solution had
reached mesh independence. Therefore, the medium mesh was selected for the remaining
simulations to ensure a balance between accuracy and computational efficiency. The
simulation was conducted with a highly refined mesh, containing over 11,10,13 million
elements for design, as-built, and physical model, respectively, ensuring that the model
accurately simulated the flow dynamics within the basin and canal and validating the model
accuracy.

Skewness mesh metrics spectrum
Excellent Very good Good Acceptable Bad Unacceptable
0-0.25 0.25-0.50 0.50-0.80 0.80-0.94 0.95-0.97 0.98-1.00
Orthogonal Quality mesh metrics spectrum
Unacceptable Bad Acceptable Good Very good Excellent
0-0.001 0.001-0.14 0.15-0.20 0.20-0.69 0.70-0.95 0.95-1.00

Figure 6. Mesh quality evaluation table.

4.3 Boundary Conditions

The conditions were incorporated to ensure the model could reflect practical scenarios, and
these included specifying the water inlet velocity, outlet pressure, and the water level at the
outlet, which were essential for defining the flow characteristics within the system. The
turbulence intensity was estimated based on the inlet flow characteristics and basin
geometry. A value of 5% was assigned, considering the influence of multiple inflow pipes
and the presence of an end sill, both of which contribute to increased turbulence levels.
Regarding wall roughness, it was modeled using the standard wall function approach by
specifying two primary parameters: Roughness height and roughness constant.

5. RESULTS AND ANALYSES

The results of the investigations on the hydraulic performance of the basic design of Taziz
Al-Taziz pumping station stilling basin, its physical model, and the as-built basin are
presented in the following sections.

5.1 The Basic Design

Fig. 7 shows the flow streamlines and eddies that occur in the stilling basin. Most of the
turbulence occurs within the stilling basin, and then turbulence begins to settle down at
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almost 10 m from the downstream end of the basin, with an average velocity at this point in
the canal equal to 1.4 m/s.

Velocity [m s*1]

Streamline 1 | ¢
X

0 5.000 10.000 (m)

2500 7500

Figure 7. Velocity streamlines along the center line of the basic design.

Fig. 8 shows the velocity distribution within the basin when applying the Taziz Al-Taziz
model's basic design. The velocity distribution varies between minimum values of 0.25 m/s
to maximum values of 3.98 m/s. The velocity distribution shows that there are low velocity
areas, as indicated by lower values such as 0.209, 0.419, 0.628, and 1.047m/s, and these
values are often found in the outlet canal or at quiet corners before pipes close to the
retaining wall, where the flow is less intense. The angle of the pipe openings, angle 36°, which
directly affects the kinetic energy of the water as the outflowing water impacts the bottom
of the canal, causing a significant drop in velocity.

As the velocity gradually increases up to intermediate values such as 1.257, 1.466, 1.676 and
1.885 m/s, it can be seen that these regions are located in the central regions of the basin or
those where water interacts with the bed more clearly and these velocities show the flow
response to the basin design, where the velocity is so distributed that the kinetic energy is
transmitted without excessive turbulence.

At higher values, such as 2.095 to 3.98 m/s, these velocities are mainly concentrated above
the sill end and near the entrance of the canal.

00,000 7 7.7 772

LN AN BN RO NN RSN AT SR ASAS)

779 %% % 0 B % %% 0, 7, 0 e 0 B 5 %,
1 1 Il L 1

Velocity [m 1] v

Contour 2 <
X

0 5.000 10.000 (m)
T .

2500 7.500

Figure 8. Velocity distribution along the center line of the basic design.

Fig. 9 shows that the pressure in water is affected by several factors, including the depth of
the water, and the water that flows from the pipes leads to dynamic changes in pressure.
When the water pushes forcefully from the pipes, a high momentum is generated due to its
high velocity. Maximum pressure is at the largest depth, equal to 35042.738 Pa; the pressure
decreases uniformly, reaching 2503.053 Pa near the surface.
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2500 7500

Figure 9. Pressure along the center line of the basic design of the stilling basin.

5.2 As Built

Fig. 10 shows the flow streamlines and eddies that occur in the stilling basin and shows the
distance at which the flow begins to settle inside the canal, as it is approximately 30 m from
the downstream end of the basin, with an average velocity at this point in the canal equal to
1m/s.

0,00 0,07 7.7 7.7,2,2,9.0,9,9,¢,0,9,¢

A N XN NN NN NP RN

R AR AN AN A Rk
|

| | | | | | | | |
o N m

Velocity [ms"1] ‘ ¢
X

0 15.000 30.000 (m)

7500 22.500

Figure 10. Velocity stream line along the center line of the as-built.

Fig. 11 illustrates the velocity distribution within the basin when applying the as-built Taziz
Al-Taziz model. The velocity distribution range is approximately from the minimum values
of 0.209 to the maximum values of 3 m/s. These values reflect significant variations in water
velocity depending on depth and location within the basin. The low-velocity areas, 0.209 to
1.047 m/s, are found in the basin close to the retaining wall of pipes, where the flow is less
intense, and the significant reduction in velocity in areas before the pipes can be explained
by several engineering and dynamic factors influencing water flow within the basin.

As the velocity gradually increases up to intermediate values such as 1.257 to 2.304 m/s, it
can be seen that these regions are located before and above the sill end of the basin where
water interacts with it more clearly and these velocities show the flow response to the basin
design, where the velocity is so distributed that the kinetic energy is transmitted without
excessive turbulence.
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At higher values, such as 2.514 to 2.98 m/s, these velocities are mainly concentrated on the
sill end or in areas with strong currents, and these areas may indicate significant flow

turbulence.
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Figure 11. Velocity distribution along the center line of the stilling basin.

Fig. 12 shows that the maximum pressure is almost 40048 Pa at a greater depth of 5 m and
gradually decreases uniformly until it reaches 2503 Pa.

7 75 76 75 5 < S S U Oy Op O ) o To 7
Sy O O SRy By Ly B B G
00,0 % %2 15 2057 55 > % % Yo % o 9 h %,
A R N A A )

| | | 1 1 | | | | | | 1
. -

Pressure [Pa] | ¢
X

0 10.000 20.000 (m)
I .

5.000 15.000

Figure 12. Pressure along the center line of as as-built stilling basin.

5.3 The Physical Model

Physical module runs were conducted to measure the flow velocity at a cross-section at the
upstream side of the main canal at the design discharge and are shown in Table 1. Fig. 13
shows the water flow distribution at the beginning of the canal obtained by applying the CFD
model. The velocity reaches 0.442 m/s as a maximum value. This value is equal to 1.768 m/s
in the prototype. Initially, areas with low velocities, such as 0.055 and 0.166 m/s equal to
(0.22 and 0.664 m/s) in prototype, exhibit stable flow conditions, where water moves
slowly, reducing the turbulence or erosion and these low-velocity regions are relatively safe
from erosion this region appears in the left side of the section because the operation
condition which includes operating three pipes from the right. As the velocity increases to
intermediate values between 0.221 and 0.332 m/s equal to (0.884 to 1.328 m/s) in
prototype in the middle of the section, the flow begins to show more movement, and in
regions where the flow velocity exceeds 0.387 to almost 0.442 m/s equal to (1.548 to
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1.768m/s) in prototype at the right of the section, high turbulence concentrations are
observed caused by operating of three pipes.

Velocity

¥
Contour 2 I

0 0.150
0.075 0.225

Figure 13. Cross-section of water velocity distribution at the beginning of the canal of the
physical model.

0.300 (m)
]

Table 2 includes the measurements of velocity at the beginning of the canal with different
depths (left side within 3 cm from the left side wall, center, and right side with 3cm from the
right side wall). The highest velocity was recorded at the center of the canal, reaching 0.32
m/s at depths of 7.5 cm and 10 cm. This distribution reflects the effect of sidewall friction,
as the velocity gradually decreases closer to the canal walls due to viscosity and shear forces.
On the left and right sides, velocity decreases significantly compared to the center. The
lowest recorded velocity was 0.21 m/s at 10 cm depth on the left side, while on the right
side, the velocity was equal to 0.29 m/s at the same depth, possibly indicating asymmetry in
the flow or secondary flow effect.

Table 2. Velocity distribution at the beginning of the Canal.

Depth Veloc1ty. at the Velocity at the center | Velocity at the right side
left side
Dimem) | Dpm) | Vm(emss) | Vpanys) | Vm(emys) Vp(m/s) Vm(em/s) Vp(m/s)
2.5 0.4 0.26 1.04 0.27 1.08 0.23 0.92
5 0.8 0.23 0.92 0.29 1.16 0.25 1
7.5 1.2 0.22 0.88 0.32 1.28 0.26 1.04
10 1.6 0.21 0.84 0.32 1.28 0.29 1.16

The match percentage is calculated between the velocities of the physical model at the same
depth and position (left, center, right) in the three sections of the canal (beginning, middle,
and end) and the velocities of the mathematical model. The matching is 90%. This is a good
agreement between the two models, reflecting the accuracy of CFD in representing real
physical conditions. This confirms the reliability of the numerical model in simulating
complex hydraulic and physical phenomena. Such an agreement reinforces the use of CFD as
an effective tool for studying and analyzing engineering systems, particularly in cases where
laboratory experiments are costly or impractical. Additionally, these findings support the
potential of numerical models in predicting the future behavior of studied systems and
optimizing their designs based on digital data analysis. Fig. 14 shows the flow streamlines
and eddies that occur in the stilling basin and shows the distance at which the flow begins to
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settle inside the canal, as it is approximately 75 cm from the downstream end of the basin,
and that is equal to 12 m at the prototype. The average velocity at this point in the canal is
equal to 0.32 cm.

Velocity [m s~-1]

Streamline 1
I—"
x

o 0.500 1.000 (m)
1

0.250 0.750

Figure 14. Velocity stream line along the center line of the physical model.

Fig. 15 shows the velocity distribution within the physical model of Taziz Al-Taziz,
highlighting how velocity varies across different regions of the system. In areas with very
low velocities close to 0.221 m/s as a maximum value, that is equal to 0.884 m/s in the basin,
which is also considered one of the low velocity zones in the prototype, within the area close
to the retaining wall of pipes. At higher velocity ranges 0.663 m/s to 1.05 m/s, which are
equal to 2.652 m/s and 4.2 m/s, which are also considered one of the high velocity zones in
the prototype, located at the sill end in the same prototype and model. This indicates that
the model matches the prototype.
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Figure 15. Velocity distribution along the center line of the physical model

Fig. 16 shows the pressure starting at 2467.0 Pa at the greatest depth, 30 cm, and gradually
decreasing with decreasing depth until it reaches 129.843 Pa at the top. The relationship
between pressure and depth is approximately linear because the weight of the water column
decreases as depth decreases.
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Figure 16. Pressure along the centerline of the Physical Model.
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When comparing the numerical model to the physical model, several differences and
limitations appear, most notably when creating a rigged physical model; the dimensions of
the realistic phenomenon are reduced based on a specific scale. This causes several
challenges, including the forces acting do not match accurately at small scales, such as
surface tension influential than the real situation, which may lead to results that are not fully
representative of reality. Also, the difficulty of achieving complete similarity (geometric and
dynamic) at the same time affects the accuracy of results, and the cost and time required to
build and operate a physical model require significant resources. The numerical model
provides flexibility and speed, but is affected by quality and solution method. Both models
have advantages and limitations, and it is preferable to use them together for cross-
validation and improving prediction accuracy. The analysis of the canal velocity
measurements and the hydraulic performance of the stilling basin at Taziz Al-Taziz pumping
station represents two different yet complementary approaches to evaluating hydraulic flow
behavior. While the canal velocity analysis focuses on direct velocity measurements at the
beginning of the canal using an electromagnetic velocity measurement device, the stilling
basin analysis utilizes CFD simulations to compare the basic design, physical model, and the
as built configurations, and the canal velocity study measures flow velocity at three key
locations: the beginning, middle, and end of the canal and the results indicate that velocity
gradually decreases with depth due to frictional effects with the canal bed and walls, with
the highest velocities recorded at the center.

6. EFFICIENCY OF THE STILLING BASINS

Based on the discharge, velocity of the water pipe outlet, the angle of inclination of the pipes,
and the discharge and velocity of the water entering the canal, the efficiency of the stilling
basins was calculated based on the momentum equation. It was found that the efficiency of
the basic design stilling basin of the Taziz Al-Taziz pumping station is equal to 30.7% and
36.7% for the physical model stilling basin. This means that the quality of the basin in
dissipating energy is poor, as the dimensions of the basin are insufficient to dissipate a large
amount of energy. The calculated efficiency of the as-built was found to be equal to 50.5%.
This indicates the quality and efficiency of the as-built Taziz Al-Taziz in dispersing a large
percentage of the energy of the water emerging from the pipes. That is because the
complementary to the stilling basin caused an additional dispersal of energy. Improved
efficiency means a more uniform flow distribution and reduced high velocities or turbulent
flow areas. This contributes to reducing the erosion of the canal bottom and sides. Thus, it
reduces the need for ongoing maintenance and extends the life of the hydraulic
infrastructure. When the efficiency increases, this means that the settling basin becomes
better able to manage high water flow and reduce turbulence entering the canal. This leads
to reducing operating and maintenance costs.

7. CONCLUSIONS

In this study, an engineering and modeling analysis of the stilling basin at the Taziz Taziz
pumping station was conducted using SolidWorks software and Computational Fluid
Dynamics CFD simulation through ANSYS, and the goal of the study is to evaluate the
hydraulic performance of the system under investigation by studying the velocity and
pressure distributions within the basin and the surrounding canal and identifying areas that
may experience flow disturbances or structural erosion and the approach involves using a
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combined mathematical model with the Navier-Stokes equations and turbulence models

such as the k-¢ model to understand the dynamic behavior of fluids and achieve efficient and

sustainable designs and the results indicate that:

1. Streamlines begin to settle at a distance of 10m in the canal from downstream of the
stilling basin in the basic design and at 10 m in the canal within 30m from downstream
of the stilling basin in the as-built. And 75cm in the physical model is equal to 12m in the
prototype.

2. It was found a decrease in velocity was found from 3.980 m/s in the basin to 1.4 m/s in
the canal, 3 m/s to 1 m/s in the basic design, and as built, respectively. By converting the
physical model velocity to the prototype, the decrease in velocity is from 4.2 m/s to 1.28
m/s.

3. It was found that there is no negative pressure, indicating that the pressures within the
structure are stable and that values less than atmospheric pressure are not reached.

4. The matching percentage is 90% between the CFD physical model and the laboratory
model.

5. Efficiency of the stilling basin is equal to 30.7% and 36.7%, and 50.5% for the basic
design, physical model stilling basin, and as built, respectively.
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