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Abstract: 

This paper presents the findings of CFD analyses conducted to simulate the flow in the intake 

system of the Bandar Abbas seawater desalination plant. To accurately simulate turbulent flow 

with sudden strain rate, separating and circulating zones within the basin, the Reynolds Stress 

Model (RSM) was used as the turbulence closure model. The effects of different pump operation 

scenarios on the hydromechanics of the forebay area and pump bays were investigated. Flow 

streamlines, velocity distribution, and swirl angle values at different planes were used to 

evaluate the performance of the intake system under symmetric and asymmetric operating 

modes. The results revealed that the initial design geometry of the basin had multiple 

unfavorable dead zones along the forebay, and complex flow structures in the forebay led to 

flow non-uniformity and development of separation zones along the pump bays. The 

asymmetric operation of the intake system resulted in even more unfavorable flow conditions. 

However, modifying the basin's geometry by adding three diverging guide vanes at the forebay 

inlet resulted in a more proper flow pattern compared to the flow in the intake system with the 

initial geometry. The modified geometry eliminated all dead zones along the forebay and created 

uniform flow along all pump bays without any separation zones. In the base geometry, the Sym-

3 and Asym-5 scenarios achieved the highest uniformity indices (U.I.) of 110% and 130%, 

respectively. In contrast, in the modified geometry, the U.I. values for the Sym-3 and Asym-5 

operational scenarios were measured at 24% and 27%, respectively. This modified geometry 

met all recommendations of the ANSI/HI 9.8-2012 standard. 

 

1. Introduction 

The oceans contain more than 97% of Earth's water, 

representing a vast and renewable resource that is resilient 

to drought. In light of climate change and the increasing 

frequency of droughts and floods, desalination offers a 

reliable means of converting seawater into fresh water, 

thereby securing an adequate supply for both human needs 

and industrial applications. Desalination is an 

environmentally sustainable solution that contributes to the 

circular water economy, addressing water scarcity especially 

in arid regions and areas with limited freshwater resources,  
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such as the Middle East. By converting seawater into potable 

water, desalination not only helps meet the growing demand 

for fresh water but also promotes efficient water use and 

management, supporting both ecosystems and communities. 

This technology plays a crucial role in enhancing water 

security and resilience against climate variability. 

Approximately 44% of the world's desalination capacity is 

situated in North Africa and the Middle East, with an 

estimated annual growth rate of 7-9% [1]. Seawater 

desalination plants require an intake system capable of 

providing a reliable quantity and consistent quality of 

clean water with a minimum environmental impact. Water 

intake methods can generally be divided into two main 

types: surface intakes, also known as open intakes, which 

draw water from the ocean's upper layers, and subsurface 

intakes, where water is extracted from beach wells, 

infiltration galleries, or other sites beneath the seabed [2, 3]. 
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Surface intakes are used in locations where the water depth 

is sufficient. The main components of open intakes include: 

(1) Intake pipes or channels, through which seawater is 

drawn into the system, (2)a large basin or pool built near the 

shore that is connected to the seawater by the pipeline or 

channel, (3) Screening devices, which are used to filter out 

debris, such as seaweed, fish or other marine life, that can 

clog or damage the intake system, (4) Pump stations- once 

the seawater has been screened for unwanted solids, it is 

pumped into the desalination system. A group of pumps 

located at the terminus of the parallel bays, divided by 

vertical walls, work together to convey raw water from the 

basin to the desalination plant, constituting the pump system. 

Water intake stations that manage inflows to the plants are 

essential for ensuring the smooth operation of the processes. 

In the forebay of a seawater intake system, the presence of 

spiral and large-scale reverse flows can significantly impact 

the conditions at the pump's inlet. The key aim of designing 

both the forebay and the pump intake is to provide a steady, 

uniform, and swirl-free flow into the impeller. Achieving 

these ideal hydrodynamic conditions is dependent on the 

proper design of the basin geometry and according to Figure 

(1), ANSI/HI 9.8-2012 recommends basin design criteria 

considering the following points [4]:  

To avoid any cross-flows at the entrance of the pump bays, 

the flow in the basin must be directed appropriately. 

Additionally, the supply boundary of the basin must be 

symmetrical in relation to the structure's centreline, ensuring 

that flow patterns approaching any of the pumps are equally 

balanced. A good rule of thumb is to keep cross-flow 

velocities (𝑉𝑐) below 50 percent of the pump bay inlet 

velocity. To ensure channel flow uniformity and appropriate 

approach velocity, the pump bay should have sufficient 

width, depth, and length. It is important to note that the 

maximum allowable pump approach velocity (𝑉𝑥) is 0.5 m/s. 

Velocities at points in the throat must be within 10% of the 

cross-sectional area average velocity [4]. To avoid the 

formation of significant free-surface vortices, the necessary 

minimum submergence is connected to the diameter of the 

inlet bell (or pipe).  

Surface and sub-surface vortices induced by fluid passing 

through obstructions, may form in the pump bay and around 

the intake pipe. These vortical formations that are pulled into 

the pipe can capture air pockets and debris from the surface, 

which reduces the effective cross-section of the pipe flow, 

diminishes pump efficiency, and may lead to vibrations 

throughout the entire system. (Tsou et al., 1994). As a result, 

they increase the maintenance costs. The swirl angle (𝜃) is 

defined as a function of the ratio between tangential velocity 

(𝑣𝜃) and axial velocity (𝑣𝑧), as follows: 

𝜃 = 𝑡𝑎𝑛−1(𝑣𝜃 𝑣𝑧⁄ )  (1) 

Mitra et al. suggested the following equation to calculate the 

swirl angle using results of the CFD analysis [5]: 

𝜃 = 𝑡𝑎𝑛−1(𝑅𝜔 𝑣𝑧⁄ ), 𝜔 =
∫ (𝑟 × 𝑣)(𝜌𝑣 ∙ 𝑛̂𝑑𝐴)
𝐴

∫ 𝑟2(𝜌𝑣 ∙ 𝑛̂𝑑𝐴)
𝐴

 (2) 

where, 𝑅 is the pipe inlet radius, 𝜔 is the bulk angular 

velocity, 𝑟 is the position vector measured from the pipe 

centre, 𝑣 is the local velocity vector, 𝑛̂ is the unit vector 

and 𝐴 is the flow area. The swirl angle parameter represents 

the inherent rotation of flow entering the pump, and it is 

desirable to maintain a relatively low magnitude for efficient 

pump performance. The ANSI/HI 9.8-2012 standard 

specifies that the maximum swirl angle of flow entering the 

pump should not exceed 7 degrees. Gordon identified four 

primary factors that contribute to vortex formation in intake 

systems: the geometry of the approach flow leading to the 

intake, the velocity within the flow area, the critical 

submergence level, and the dimensions of the intake itself 

[6]. 

Reduced scale experimental tests have become the preferred 

method of evaluating pump intake designs concerning the 

criteria specified by ANSI/HI 9.8-2012 in recent years. 

Nonetheless, these tests come with several limitations, 

including substantial expenses, extended timeframes for 

constructing testing facilities, and restricted availability of 

skilled testing professionals. In contrast, Computational 

Fluid Dynamics (CFD) analysis offers the advantage of 

delivering more comprehensive insights into the flow field, 

all while being considerably more cost-effective and quicker 

than experimental tests using scale models. 

Constantinescu and Patel carried out three-dimensional 

numerical simulations to examine the flow dynamics within 

a rectangular pump intake [7]. They utilized a range of 

turbulence models to accurately represent the critical flow 

features around the pipe intake in both symmetric and 

asymmetric configurations. Ansar and Nakato conducted 

experimental investigations on three-dimensional flows in 

pump intakes [8]. Hwang and Yang evaluated the efficiency 

of pumps by employing various flow-straightening devices 

through experimental approaches [9]. Li et al. conducted 

RANS simulations to examine the distribution of streamwise 

velocity, contrasting their findings with data collected from 

the upstream channel and above the pump throat [10]. 

Tokyay and Constantinescu assessed the accuracy of large 

eddy simulation (LES) and RANS models by comparing 

their predictions with measurements obtained via particle 

image velocimetry [11]. Issa and Bayeul-Lainé used 

FLUENT software to predict the 3D flow field in a 

rectangular pump basin [12]. Chuang et al. conducted both 

experimental and numerical investigations to explore the 

effects of sluice gate submergence and discharge on flows in 

pump basins [13]. Their findings reveal that discharge and 
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gate submergence have an inverse connection with 

efficiency of the pump. Kim et al. investigated the 

effectiveness of rectangular and trident-shaped bars as anti-

vortex devices (AVDs) positioned at the bottom of the pump 

intake channel, just below the bell-mouth [14]. Their study 

revealed that placing the AVDs at the site of vortex 

formation eliminates the vortex and promotes a more 

uniform flow. The majority of past CFD research on pump 

intake systems has concentrated on modelling the intricate 

and turbulent flow patterns near the suction pipe of a solitary 

sump, as well as assessing the effectiveness of various anti-

vortex devices [15-17]. The focus on the comprehensive 

modelling of the entire system, which encompasses the 

supply lines, screens, sumps, forebay, and pump pipes, is not 

given as much consideration. Choi et al. conducted a study 

using both experimental tests and numerical modelling to 

examine the consistency of flow in a model of a pump sump 

with multiple intakes [18]. The findings indicated that it is 

crucial to thoroughly analyse the flow patterns in the forebay 

diffusing area at the upstream section of the pump intake 

inlet. 

 
 

Fig. 1: Recommended intake structure layout by ANSI/HI 9.8-2012 

Using a hydraulic model of the seawater intake system at the 

Aliveri Power Plant in Greece, this study investigates the 

impact of cross-flow velocity in the forebay on the swirl 

angle within the pump suction pipes [19]. The experimental 

tests revealed that a significantly non-uniform velocity 

profile emerges in the forebay when one of the two cleaning 

channels is closed. Nasr et al. performed numerical 

simulation of the turbulent flow in a multi-unit pumping 

station using Ansys-CFX [20]. The research concluded that 

the flow pattern in the forebay of the lateral inlet pumping 

station can be significantly enhanced by implementing a 

parabolic wall along with several rectification piers. Longo 

et al. addressed some of the key questions regarding the 

applicability of CFD modelling using OpenFOAM for 

assessing the hydraulic performance of pumping 

installations [21]. Zhang et al. examined how the flow 

pattern in a forebay with a side intake pumping station can 

be enhanced through the use of diversion piers [22]. They 

used the FLUENT software for CFD analysis and reported 

that the diversion piers had a significant adjustment of 

uniformity of axial flow velocity and weighted average 

angle of flow velocity. Yamini et al. reported results of a 

three dimensional CFD modelling using FLOW-3D 

software for the performance evaluation of a seawater intake 

system [23]. The results suggest that designers should take 

all possible measures to eliminate small entrances and 

filtration areas leading from the basin to the bottom of the 

intake forebay. 

The uniqueness of this study is found in its flow analysis 

objectives, which aim to simulate the entire seawater intake 

system while also exploring various operating scenarios for 

both the system and pump stations. Additionally, the study 

investigates the impact of guide vanes on enhancing the flow 

pattern in the forebay area and the approach flow to the 

pump bays under both symmetric and asymmetric operating 

modes. 

The paper is organized into five distinct sections to provide 

a comprehensive overview of the research. The first section 

covers the methodology, detailing the approaches and 

techniques used in the study. Following that, the second 

section focuses on the validation of the numerical 
simulation, ensuring the accuracy and reliability of the 

results obtained. The third section describes the study area, 

outlining the geographical and environmental context of the 

research. Next, the fourth section presents the numerical 

model setup, explaining the configuration and parameters 

used in the simulations. Finally, the fifth section discusses 

the results and analysis, interpreting the findings and their 

implications in relation to the study objectives. 

2. Methodology 

In this study, the three-dimensional Reynolds-Averaged 

Navier-Stokes (RANS) equations for incompressible water 

flow are employed for numerical simulations. The continuity 

equation, along with the Reynolds-averaged momentum 

equations in Cartesian coordinates (𝑥𝑖 , 𝑖 = 1,2,3), can be 

represented as follows [24]: 
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𝜕𝑢𝑖̅
𝜕𝑥𝑖

= 0  (3) 

𝜌𝑢𝑗̅
𝜕𝑢𝑖̅
𝜕𝑥𝑗

= 𝜌𝑔𝑖 +
𝜕

𝜕𝑥𝑗
[−𝑝̅𝛿𝑖𝑗 + 𝜇 (

𝜕𝑢𝑖̅
𝜕𝑥𝑗

+
𝜕𝑢𝑗̅

𝜕𝑥𝑖
)

− 𝜌𝑢𝑖
′𝑢𝑗
′̅̅ ̅̅ ̅̅ ] 

(4) 

Here, 𝑢𝑖̅ is the time averaged velocity component, 𝑝̅ is the 

mean pressure, 𝑔𝑖 is the gravity acceleration, 𝜌 and 𝜇 are the 

density and dynamic viscosity of water, respectively. 𝛿𝑖𝑗 is 

the Kronecker delta and −𝜌𝑢𝑖
′𝑢𝑗
′̅̅ ̅̅ ̅̅  is the Reynold stress tensor, 

where 𝑖, 𝑗 = 1,2,3. 

There are various models available to estimate Reynolds 

stresses, but none of them are universally accepted to solve 

the diverse range of problems encountered in turbulent flows 

[25]. In this study, the Reynolds Stress Model (RSM) is 

utilized due to the significant strain rates in fluid elements 

and the presence of circulation and separation zones across 

various flow areas in the forebay and intake channels. The 

Reynolds Stress Model tackles the RANS equations by 

solving seven transport equations associated with Reynolds 

stresses, in addition to an extra equation for the dissipation 

rate of turbulent kinetic energy (𝜀). As highlighted by 

Launder, the Reynolds Stress Model (RSM) is more adept at 

capturing the effects of streamline curvature, vorticity, 

circulation, and rapid changes in strain rate compared to 

two-equation models [26]. However, it requires significantly 

more computational resources and time. The transport 

equation for this model can be expressed as Equation (5), as 

stated by Launder [26]. The left-hand side terms are the local 

time derivatives and convection term, 𝐶𝑖𝑗 ,, respectively, 

while the right-hand side terms are the turbulent diffusion, 

𝐷𝑇,𝑖𝑗, molecular diffusion, 𝐷𝐿,𝑖𝑗, stress production, 𝑃𝑖𝑗, 

pressure-strain, 𝜙𝑖𝑗, dissipation rate, 𝜀𝑖𝑗, and production by 

system rotation, 𝐹𝑖𝑗, respectively.  

Linear or quadratic models can be utilized to compute the 

pressure-strain term. The complete closure of the Reynolds-

averaged momentum equation is achieved by employing the 

individual Reynolds stresses. Numerical simulations were 

performed using ANSYS FLUENT software. It solves the 

governing equations using finite volume method (F.V.M) in 

conjunction with different turbulence models. The 

governing equations are integrated over each control volume 

to formulate discretized algebraic equations for the 

dependent variables. 

𝜕𝜌𝑢𝑖
′𝑢𝑗
′̅̅ ̅̅ ̅̅

𝜕𝑡⏟    
𝑙𝑜𝑐𝑎𝑙 𝑡𝑖𝑚𝑒 𝑑𝑒𝑟𝑖𝑣𝑎𝑡𝑖𝑣𝑒𝑠

+
𝜕

𝜕𝑥𝑘
(𝜌𝑢𝑘̅̅ ̅ 𝑢𝑖

′𝑢𝑗
′̅̅ ̅̅ ̅̅ )

⏟          
𝐶𝑖𝑗

= 

−
𝜕

𝜕𝑥𝑘
[(𝜌 𝑢𝑖

′𝑢𝑗
′̅̅ ̅̅ ̅̅  𝑢𝑘

′ ) + 𝑝′(𝛿𝑘𝑗𝑢𝑖
′ + 𝛿𝑖𝑘𝑢𝑗

′)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ]
⏟                          

𝐷𝑇,𝑖𝑗
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(5) 

To discretize the convection terms of the transport 

equations, second order Upwind (SOU) scheme has been 

utilized. Since the governing equations are coupled and 

nonlinear, iterations are necessary to attain a converged 

solution. Therefore, the coupling of velocity and pressure 

has been carried out through the SIMPLE algorithm. Gambit 

software was used to create the geometry, generate the 

computational grid and assign appropriate boundary 

conditions for various surfaces.  

3. Validation of Numerical Simulation 

To evaluate the capability of the CFD model, a benchmark 

case is selected which consists of a single pump with a 

circular pipe in a rectangular intake channel, as illustrated in 

Figure (2-a). The selected basin geometry mirrors the model 

created by Constantinescu and Patel and adheres to the 

dimensions and flow conditions outlined in the ANSI/HI 

9.8-2012 guidelines [7]. The inset of the figure provides a 

summary of the geometric and hydraulic characteristics of 

the benchmark model. Figure (2-b) shows 3D and 2D views 

of the computational meshes. In order to discretize the 

computational domain, non-uniform curvilinear meshes are 

utilized. The grid lines are stretched around the pipe and at 

the pump pipe inlet level to ensure an accurate simulation of 

the subsurface and surface vortices. In addition, the 

computational meshes are refined in the near vicinity of the 

side walls, back wall, and channel bed. This is done to ensure 

that the non-dimensional distance from the wall to the first 

node is set to 𝑌+𝑜𝑟 𝑍+=5. A total of 520,000 computational 

cells are utilized to discretize the computational domain. 

Figure 2(c) shows the implemented boundary conditions at 

various surfaces. At the inlet of the channel ‘VELOCITY 

INLET’ boundary condition is imposed with uniform 

velocity 𝑈𝑖𝑛 = 0.065𝑚/𝑠. Values of inlet turbulence kinetic 

energy (𝑘) and its dissipation rate (𝜀) are computed using 

equations presented in the manual of the FLUENT, by 

assuming the turbulence intensity, 𝑇. 𝐼 =2%. For the side 

walls, channel bed, and pump pipe, ‘WALL’ boundary 

condition is used and all walls have been assumed smooth. 

Standard wall function is used to bridge the inner region 

between the wall and the turbulence fully developed region. 

Symmetry boundary condition have been implemented to 

the top surface of the channel. At the outlet of the pipe, 
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‘VELOCITY INLET’ boundary condition is used with 

vertical upward velocity, 𝑈𝑝= 0.6𝑚/𝑠.  Zero velocity has 

been assumed in all of the computational cells as the initial 

value and, to assess the convergence of iterations for 

different governing equations, the scaled residual for each 

conserved variable was computed and monitored during 

numerical solution. In addition, flow variables at different 

points, the general flow field in various planes, and mass 

inflow and outflow were monitored during the simulation to 

ensure convergence of the numerical solution. Convergence 

was achieved with a residual level of 10-6 and 550 iterations. 

Figure (3) presents a comparison between the calculated and 

measured streamwise velocities at the  𝑦/ℎ = 0.2 plane 

across various sections of the approaching channel. The 

streamwise velocity, denoted as  𝑈, is normalized by the 

bulk velocity  𝑈𝑝= 0.6𝑚/𝑠 within the pump column. The 

data indicates a satisfactory agreement between the 

calculated results and the experimental measurements. The 

root mean square error (RMSE) between the calculated and 

measured velocity profiles is quantified as 0.004.   

Figure (4) compares the 2D streamlines between the results 

of the present study and the results reported by 

Constantinescu and Patel [7]. Flow patterns in different 

surfaces has a very good compliance with the results 

presented in the literature, and the rotating flows in different 

parts of the field have been predicted accurately. According 

to Figures (3-a) and (4-b) approaching horizontal flow at the 

upstream of the pipe is diverted to the sides of the pipe and 

after separating from the pipe’s outer wall, two symmetrical 

vortices (V2) formed,  behind  the pipe. This vortex is a type 

of surface vortices and by moving from the upper layers 

towards the bed of the channel, while reducing the 

dimensions of the vortex, its core is drawn towards the pipe 

inlet. Corner surface vortices (V1) formed at the junction of 

the side walls and the channel back wall. Figure (4-c) shows 

that in the middle vertical plane of the channel a downward 

flow forms behind the pipe and the upper layer flow is drawn 

into the pipe in a helical manner. Two separation zones 

formed inside the pipe, with one at the upstream part being 

more extended. The majority of streamlines entering the 

suction pipe are concentrated at the upstream part, and the 

oblique upward flow that bounds the separation zones aligns 

with the pipe when the upward pipe suction overcomes the 

longitudinal momentum of the channel flow. Figure (4-d) 

shows clear evidence of the formation of a vortical flow with 

a horizontal axis of rotation. Flow visualization at different 

vertical planes indicates that this vortex extends in both 

longitudinal and vertical directions as one moves from the 

side walls towards the symmetry plane of the channel. 

 

 

 
(a) 

 
(b) 

 

(c) 

Fig. 2: The benchmark model of the single pump intake in a rectangular channel; (a) geometric and hydraulic characteristics, (b) 

computational mesh in 3D and 2D views and (c) implemented boundary conditions 
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Fig. 3: Comparison of the stream wise velocity profiles between results of the present study (black line) and experimental 

measurements (red circles) at the 𝑦/ℎ = 0.2 plane across various sections of the approaching channel 
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(d) 

Fig. 4: Comparison of the 2D streamlines between results of the present study (right) and results presented by Constantinescu and 

Patel, 1998 (left); (a) XZ plane @ Y=2.75D, (b) XZ plane @ Y=1.75D, (c) XY plane @ basin symmetry plane, and (d) XY plane 

@ 0.5D from the side wall 
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The results presented in this section confirms the capability 

of the CFD software used for simulating 3D complex flow 

in the pump intake channel. Additionally, the correct choice 

of boundary conditions is confirmed based on the obtained 

accurate results. In the following section, the study area is 

introduced, and the results of CFD analysis are presented for 

an integral seawater pump intake system. 

4. Study Area and Case 

Figure (5) illustrates the study area. Bandar Abbas 

desalination plant, at the shore of the Persian Gulf in Iran, is 

situated in the west of the Bandar Abbas port city, between 

the Persian Gulf Star Oil Company (PGSOC) Basin and the 

Persian Gulf Port. The foreseen capacity of potable water 

production is 100,000 m3/day, for which 330,000 m3/day of 

salty water should be delivered to the process units. The 

initial geometry of the seawater intake system which has 

been designed based on ANSI/HI 9.8-2012 standard is 

illustrated in Figure (6).  

Seawater is delivered to the basin using two inlet pipes with 

a diameter of 1500 mm. The water entering the basin is 

divided into two parts using two channels with a width of 

4000 mm, equipped with stop logs and coarse and fine 

screens.  

The transition angle of the common inlet part of the basin is 

29 degrees. The forebay has diverging side walls with an 

angle of 44 degrees and a maximum width of 25400 mm. 

Nine rectangular pump bays are considered to deliver the 

seawater to the desalination plant. The width of each bay is 

2200 mm. The diameter of the pump pipe is 1100 mm, and 

two pumps, the first and last, are considered for the future 

development plan. Some detailed geometric specifications 

of the pump basin are summarized in the inset of Figure (6). 

Geometric variables were previously defined in Figure (1). 

5. Numerical Model Setup 

Figure (7-a) shows the 3D geometry of the seawater intake 

system and the boundary conditions used at various surfaces 

of the computational domain. Pumps are numbered from 

right to left. As it depicted in this figure at the inlet pipes, the 

“INLET VELOCITY” boundary condition is used and the 

(inlet discharge per pipe) / (pipe area) is used as the water 

velocity entering  the basin. All of the solid boundaries are 

considered as “WALL” boundaries.  

At the top boundary of the pump pipes, the “INLET 

VELOCITY” boundary condition is used and the W-

velocity component with corresponding value according to 

the detailed operating scenario, which will be presented 

later, has been imposed to the outlet boundary of each pipe. 

Coarse and fine filters are modelled as porous media with 

80% and 50% porosity, respectively.  

Minimum sea water level is used as the critical hydraulic 

condition in the basin. Minimum water level in the basin is 

-2.80 m and as it depicted in Figure (6b) the basin bed level 

is -5.8 m. The upper vertical boundary is placed at level -2.8 

m and the “SYMMETRY” boundary condition is imposed 

to the top boundary of the basin. 

The error resulting from neglecting water surface variations 

is minimal when the maximum water surface elevation 

remains below 10% of the total basin depth [27]. Figures 

(7b) and (7c) show computational meshes in three 

dimensional and two-dimensional views, respectively. 

Triangular cells with various mesh sizes are used to 

discretize the computational domain. The total number of 

cells is 1,606,166. Similar to the benchmark case, zero 

velocity has been assumed in all of the computational cells 

as the initial value. 

Scaled residuals of the governing equations, flow variables 

and mass inflows and outflows are monitored during 

iterations to ensure the convergence of the numerical 

solutions. In all cases, convergence was achieved with the 

residual level of 10-6 and the number of iterations of 3700. 

Two different operating modes are considered for the basin: 

(1) Both of the channels are in operation and the total inlet 

discharge from two inlet pipes is 330000 𝑚3/𝑑𝑎𝑦 

(Symmetric operation mode). 

(2) For maintenance and repair purposes, the left channel 

(channel 2) is considered closed and discharge of the inlet 

pipes is 70% of the total discharge, 231000 𝑚3/𝑑𝑎𝑦 

(Asymmetric operation mode). 

Different operating scenarios for pump intakes are 

considered for each operation mode of the basin, as 

presented in Tables (1) and (2). In total, ten models are run 

to analyze the hydrodynamics of the basin in the initial 

design condition.  

Based on the results of this analysis, a modified geometry is 

presented to improve the flow pattern of the basin. The 

hydrodynamic performance of the seawater intake system 

will then be compared between the initial design and 

modified conditions. 
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Fig. 5: Location of the Bandar Abbas seawater desalination plant, Hormozgan province, Iran 

 

 
(a) 

 

 

 

 

 

 

 

 

(b) 

Fig. 6: General layout of the Bandar Abbas seawater intake system; (a) top view, and (b) side view, section A-A. 
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(a) 

 

 
(b) 

 

(c) 

Fig. 7: CFD model setup of the Bandar Abbas seawater intake system; (a) 3D geometry and boundary conditions, 

(b) 3D view of the computational cells, and (c) 2D view of the computational cells at pump pipes inlet level (Y=-

5.3 𝑚) 
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6. Results and Analysis 

6.1 Hydrodynamics of the Initial Geometry  

Figure (8) shows the results of the CFD analysis for the Sym-

1 operating scenario. According to Figsures (8-a) and (8-b), 

at the downstream end of the left and right channels, the flow 

hits the vertical walls, and four jet-like flows form at the inlet 

of the forebay. The middle jets on both sides of the 

symmetry line result in a straight high-velocity flow to the 

pump intake #5, while the side jets, after interacting with the 

low-velocity flow in the forebay, result in strong transverse 

flows parallel to the diverging side walls of the forebay. 

Figures (8-c) and (8-d) show the 2D flow pattern in Y= -2.7 

𝑚 plane and 3D streamlines in the whole domain, 

respectively. The 2D velocity field shows that due to the 

significant momentum transfer between the high-velocity 

side jet flows and low-velocity flow in the forebay, two dead 

zones form on both sides of the forebay. The dead zones 

extend to the inlet of the pump bays and cause strong 

transverse flows. As a result, recirculating zones form along 

pump bays #3, 4, 6, and 7. The depth-varying structure of 

the dead zones is clearly illustrated using 3D streamlines. 

Figure (9) compares the depth-averaged velocity vectors for 

different operating scenarios of the pump intakes in the 

symmetric operation mode of the basin. Due to the formation 

of dead zones in the forebay area, in all scenarios, non-

uniform flow forms at the inlet of the pump bays, except for 

pump bay #3 in the operating scenario Sym-4.  

 

 

Table 1: Operating scenarios of the pump intakes in the symmetric operation mode of the basin 

Scenario 

code 

Discharge 

Pump1* Pump2 Pump3 Pump4 Pump5 Pump6 Pump7 Pump8 Pump9* 

Sym-1 Off Off On On On On On Off Off 

Q (m3/s) 0 0 0.764 0.764 0.764 0.764 0.764 0 0 

Sym-2 Off Off Off On On On On On Off 

Q 0 0 0 0.764 0.764 0.764 0.764 0.764 0 

Sym-3 Off On On On Off Off On On Off 

Q 0 0.764 0.764 0.764 0 0 0.764 0.764 0 

Sym-4 Off Off On Off On On On On Off 

Q 0 0 0.764 0 0.764 0.764 0.764 0.764 0 

Sym-5 Off On Off Off On On On On Off 

Q 0 0.764 0 0 0.764 0.764 0.764 0.764 0 

                       * Pumps1 and 2 are considered for the future development plan. Q is discharge.  

Table 2: Operating scenarios of the pump intakes in the asymmetric operation mode of the basin. 

Scenario 

code 

Discharge 

Pump1 Pump2 Pump3 Pump4 Pump5 Pump6 Pump7 Pump8 Pump9 

Asym-1 Off On On On On Off Off Off Off 

Q (m3/s) 0 0.668 0.668 0.668 0.668 0 0 0 0 

Asym-2 Off Off On On On On Off Off Off 

Q 0 0 0.668 0.668 0.668 0.668 0 0 0 

Asym-3 Off On Off On On On Off Off Off 

Q 0 0.668 0 0.668 0.668 0.668 0 0 0 

Asym-4 Off On On Off Off On On Off Off 

Q 0 0.668 0.668 0 0 0.668 0.668 0 0 

Asym-5 Off On Off On Off On Off On Off 

Q 0 0.668 0 0.668 0 0.668 0 0.668 0 
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Figure (10) presents the results of the CFD analysis for the 

Asym-1 operating scenario. The velocity magnitude 

distribution in the near-bed and near-water surface planes 

indicates that high-velocity jet flows are redirected towards 

the right side of the forebay. This behavior is attributed to 

the development of a significant dead zone on the left side 

of the forebay. Additionally, all four operational pumps are 

situated on the right side of the intake system, causing the 

inflow to the forebay to be directed toward the intakes of 

these pump bays.  

Figures (10c) and (10d) illustrate the establishment of a 

substantial dead zone on the left side of the forebay, 

alongside a smaller dead zone forming along the right wall. 

The interaction between these dead zones and the jet flows 

generates pronounced transverse flows at the inlets of pump 

bays #2 and #3. The resulting non-uniform oblique inlet flow 

has led to the emergence of separation zones along these 

channels. Figure (11) displays the depth-averaged velocity 

vectors for various operating scenarios of the pump intakes 

under the asymmetric operation mode of the basin. In this 

operational mode, unfavorable flow conditions in the 

forebay give rise to non-uniform flow patterns along the 

pump bays. 

6.1.1 Compliance with ANSI/HI 9.8-2012 

Standard Performance Criteria  

To quantitatively assess the uniformity of the incoming flow 

at each pump bay, the flow uniformity index (U.I.) is utilized 

for the flow velocity in the pump intake channels. This index 

is derived from the concept of standard deviation, as shown 

in Eq. (6): 

𝑈. 𝐼. = √
∫ (𝑢(𝑧) − 𝑢̅)
𝑧=𝐵

𝑧=0

2
𝑑𝑧

𝐵
𝑢̅⁄ ∗ 100 

(6) 

In this context, 𝑢(𝑧) represents the local depth-averaged 

velocity, while 𝑢̅ refers to the average velocity across the 

inlet of the pump intake channel. 

Figure (12-a) displays the calculated flow uniformity index 

for the incoming flow at the pump intakes, comparing both 

symmetric and asymmetric operating modes of the Bandar 

Abbas seawater intake system. 

Among the average flow uniformity values in the pump 

intake channels, the Asym-5 scenario exhibits the highest 

index at 130%. This indicates the greatest standard deviation 

of local velocity relative to the average velocity on the y-z 

cross-sectional plane of the intake channel. The figure 

demonstrates that the asymmetric operation of the intake 

system results in more unfavorable flow conditions in the 

forebay area, leading to increased flow non-uniformity 

along the pump bays compared to the symmetric mode. In 

the symmetric operating mode, the Sym-3 scenario recorded 

the highest uniformity index of 110%. 

The swirl angle in the pump pipes was determined using 

Equation (2), and the average swirl angles across all pumps 

for different operational scenarios are presented in Figure 

(12b). This figure indicates that, in all scenarios, the average 

swirl angle exceeds the maximum allowable value of 7° as 

recommended by the ANSI/HI 9.8-2012 standard. The 

highest average swirl angles were observed in the Sym-3 and 

Asym-5 scenarios for the symmetric and asymmetric 

operating modes, respectively. The maximum inlet bell 

velocity across ten different operating scenarios was 

measured at 0.72 m/s, which is below the 2.4 m/s threshold 

recommended by the ANSI/HI 9.8-2012 standard. 

As shown in Figures 9 and 11, robust transverse flows 

develop at several pump bay inlets due to the presence of 

circulating zones in the forebay. In some instances, the 

cross-flow velocity ((𝑉𝑐)) exceeds 50% of the inlet velocity 

at the pump bays. 

The CFD analysis results for the initial design geometry of 

the Bandar Abbas seawater intake system reveal the 

formation of multiple unfavorable dead zones and 

circulating zones along the forebay. The intricate flow 

structures in this region contribute to non-uniform flow and 

the emergence of separation zones along the pump bays. 

Furthermore, the considerable diverging angle in the 

forebay's diffusing zone may create unstable and fluctuating 

flow conditions at the pump intake channels. To mitigate 

these issues, geometric modifications have been proposed, 

with the results of the CFD analysis for the modified 

geometry detailed in the subsequent section. 

6.2 Hydrodynamics of the Modified Geometry  

This section investigates the influence of guide vanes on the 

modification of the flow field in the forebay area of the 

Bandar Abbas seawater intake system. This analysis is 

crucial, as understanding how the hydraulic modifications 

affect flow dynamics can lead to enhanced performance of 

the seawater intake process.  

Figure (13-a) presents a three-dimensional representation of 

the intake system, which includes the installation of three 

guide vanes at the forebay inlet. Figure (13-b) provides 

detailed dimensions and specification regarding the design 

of the guide vanes. 

Each guide vane has a specified length of 4700 mm, and the 

two side vanes are positioned at an angle of 22° relative to 

the centerline of the basin. This angled installation is 

designed to optimize flow direction and enhance overall 

flow dynamics. Additionally, triangular noses, each 

measuring 350 mm in length, are affixed to both ends of the 

vanes to prevent flow separation at the upstream and 

downstream locations.  

By mitigating flow separation, these design features aim to 

improve the stability and efficiency of the flow entering the 

intake channels. Figure (13-c) illustrates the computational 
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meshes used to model the modified basin geometry. 

Notably, there is a refined density of computational cells 

specifically in the forebay area, resulting in a total of 

1,801,254 cells. This high spatial resolution in the mesh 

allows for a detailed representation of complex flow 

interactions, which is essential for accurately predicting 

hydraulic performance. 

Comprehensive Computational Fluid Dynamics analyses 

have been performed to assess the performance of the guide 

vanes within the modified basin geometry under both the 

Sym-3 and Asym-5 operating scenarios. During the 

simulations, a "WALL" boundary condition has been 

applied to all surfaces of the guide vanes to emulate the 

effect of the physical structure on the flow without allowing 

any flow penetration through the boundaries. The remaining 

boundary conditions have been maintained in accordance 

with those employed in the initial model to ensure 

comparability and validity of the results. 

Figure (14) compares the flow field characteristics of both 

the initial and modified basin designs during the Sym-3 

operational scenario. The implementation of guide vanes in 

the modified geometry effectively redistributes the inlet 

flow towards the forebay, directing the flow radially into the 

intake channels. 

This configuration eliminates the presence of dead or 

circulating flow zones in the forebay, while minimizing 

cross-flow into the pump bays. The enhanced flow 

configuration also indicates that there are no separation 

zones along the intake channels, significantly contributing 

to a uniformly distributed approach flow to all pump pipes. 

Further analysis is presented in Figure (15), which displays 

contour plots of velocity magnitude at cross-sections near 

the pump pipes for the modified geometry in the Sym-3 

scenario. 

The results confirm that the flow approaching the pumps 

maintains uniformity across the entire depth of the channels. 

This uniform flow pattern is vital in preventing localized 

high-velocity regions that could potentially lead to increased 

wear and tear on the pump components. 

In the Asym-5 scenario, a detailed comparison is provided 

in Figure (16), showcasing the distribution of velocity 

magnitude, depth-averaged velocity vectors, and the two-

dimensional flow field for both the initial and modified 

basins.  

The analysis reveals that in the initial basin configuration, 

high-velocity jets originating from the right channel are 

redirected to the left side of the forebay. This redirection 

leads to the formation of a significant circulating zone that 

occupies nearly the entire left half of the forebay and 

introduces adverse flow conditions across the system. 

Accompanying this, a recirculating flow zone establishes 

along the right wall of the forebay, exacerbating the issue 

and generating pronounced transverse flows at the inlets of 

the pump intake channels. 

Moreover, the presence of extensive separation zones along 

channels #2, 6, and 8 results in completely non-uniform 

pump approach flow in these regions. These unfavorable 

flow characteristics highlight the importance of geometry 

modifications in improving operational efficiency. The 

differences between the flow patterns of the initial and 

modified geometries are stark; in the modified geometry, the 

high-velocity jet flows effectively dissipate upon interaction 

with the guide vanes, which assists in aligning the inlet flows 

of the pump forebays with the channels. Consequently, all 

operating pumps experience a uniformly distributed 

approach flow, which is a critical factor for their 

performance and longevity. 

Figure (17) further depicts the velocity magnitude contour 

plots at cross-sections near the pump pipes in the Asym-5 

scenario. The findings indicate that, with the exception of 

pump #6—which experiences a slightly non-uniform 

approach flow—all other pumps receive a completely 

uniform flow throughout the entire depth of their respective 

channels. Notably, the non-uniformity of the approach flow 

to pump #6 in the modified basin geometry is significantly 

less pronounced than the flow non-uniformity observed in 

the initial configuration. This reduction in flow non-

uniformity for pump #6 underscores the effectiveness of the 

guide vanes in optimizing hydraulic conditions. 
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(a) 

 
(b)  

 
(c) 

 
(d) 

Fig. 8: Results of CFD analysis for Sym-1 scenario; (a) distribution of the velocity magnitude in Y= -5.7 𝑚 plane, (b) 

distribution of the velocity magnitude in Y= -2.7 𝑚 plane, (c) flow pattern in Y= -2.7 𝑚 plane, and (d) three dimensional 

streamlines
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Fig. 9: Depth-averaged velocity vectors for different operating scenarios of the pump intakes in the symmetric operation mode of the 

basin. 

 

In the modified basin geometry, the assessment of the 

average flow uniformity index (U.I.) revealed notable results 

regarding the incoming flow conditions at the pump intakes. 

Specifically, the U.I. values for the Sym-3 and Asym-5 

operational scenarios were determined to be 24% and 27%, 

respectively. These findings indicate a marked enhancement 

in flow uniformity compared to the initial basin 

configuration, which exhibited significantly lower indices. 

Improving the uniformity index (U.I.) is critical for the 

optimal performance of pump systems, as it indicates a more 

consistent and stable flow profile.  

A higher U.I. reflects a uniform flow entering the pumps, 

which plays a crucial role in reducing the likelihood of 

turbulent flow conditions. Turbulence can lead to 

inefficiencies in pump operation, resulting in increased 

energy consumption and potential mechanical wear. 

Moreover, persistent turbulence may cause severe 

hydrostatic pressure fluctuations and cavitation, 

significantly impacting the reliability and longevity of the 

pump system. Additionally, a detailed analysis was 

conducted to measure the average swirl angles across all 

operational pumps in each scenario, revealing average swirl 

angles of 3.4° for the Sym-3 scenario and 4.5° for the Asym-

5 scenario.  

These calculations are significant, as smaller swirl angles 

indicate a more aligned and stable incoming flow, which is 

essential for minimizing rotational flow patterns that 

contribute to inefficiencies. Both swirl angle values remain 

well within the maximum allowable limit of 7° established 

by the ANSI/HI 9.8-2012 standard, designed to mitigate 

issues related to vortex formation and the risk of cavitation 

during pump operations. Compliance with this standard not 

only maintains optimal pump performance but also enhances 

operational safety and equipment durability. Exceeding this 

limit could lead to undesirable flow conditions, including 

increased pressure fluctuations and vortex formation that 

hinder pump functionality 
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Fig. 10: Results of CFD analysis for Asym-1 scenario; (a) distribution of the velocity magnitude in Y= -5.7 𝑚 plane, (b) distribution of the 

velocity magnitude in Y= -2.7 𝑚 plane, (c) flow pattern in Y= -2.7 𝑚 plane, and (d) three dimensional streamlines  
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Fig. 11: Depth averaged velocity vectors for different operating scenarios of the pump intakes in the asymmetric operation mode of the 

basin. 

 

 

 

(a) 

 

(b) 

Fig. 12: Quantitative examination of the flow in the intake channels for symmetric and asymmetric operating modes; (a) calculated 

uniformity index for the inlet flow of the pump intakes, (b) calculated average swirl angle at the pump pipes  
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(a) 

 

 
(b) 

 

 
 

 

 

 

(c) 

Fig. 13: Modified geometry of the Bandar Abbas seawater intake system using three guide vanes; (a) 3D geometry, (b) top view of the 

basin with dimensions of the guide vanes, and (c) 2D view of the computational cells 

Dimensions are in mm. 
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Fig. 14: Comparison of the flow field between the initial (left) and modified (right) basins in Sym-3 operating scenario. 

 

 

 

 
Fig. 15: Velocity magnitude contours in Sym-3 scenario for the modified geometry. 

U (m/s) 

 

Non-uniform pump approach flow 

 

Uniform pump approach flow 

Strong cross- flow 

9 

8 

7 

6 

5 

4 

3 

2 

1 



 

A. Safarzadeh and M. Shafieefar                                                     Numerical Methods in Civil Engineering, 9-4 (2025) 74-95 

92 

 

  

  

  

 

  

Fig. 16: Comparison of the flow field between the initial (left) and modified (right) basins in Asym-5 scenario.  

 

 

 
Fig. 17: Velocity magnitude contours in Asym-5 operating scenario for the modified geometry of the basin. 
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6.2.1 Calculation of the circulation and swirl 

angle along the suction pipes 

To quantitatively evaluate the enhancement of the flow field 

in the modified basin geometry concerning vortices, we 

utilized circulation and swirl angle measurements of the 

flow within the suction pipes. The vortical structures in the 

basin, contribute to the circulation and swirl angle of the 

flow in the suction pipe. In this study the circulation (Γ) and 

swirl angle (𝜑) are determined from numerical results using 

a simple mathematical procedure. The circulation is defined 

as the line integral around a closed curve of the fluid velocity 

and can be related to vorticity by the Stokes theorem, which 

is written as [25]: 

(7) Γ = ∮ 𝑢. 𝑑𝐿
𝑐

=∬ (∇ × 𝑢)
𝑆

. 𝑑𝐴 = ∬ 𝜔
𝑆

. 𝑑𝐴 

Where 𝑢 represents the velocity field, 𝐴 denotes the surface 

area vector, Γ signifies the circulation, ∇ is the divergence 

operator, and 𝜔 indicates the vorticity vector. As illustrated 

in Figure 18, to compute the circulation, the suction pipe is 

segmented into 20 horizontal sliced discs. Each disc is 

further divided into several small elements, and the average 

vorticity (𝜔𝑖) is calculated for its corresponding area (𝐴𝑖). 

Equation (6) is substituted with the following simplified 

summation to determine the total circulation at each cross-

section : 

  (8) Γ ≈∑|𝜔𝑖|

𝒏

𝒊=𝟏

𝐴𝑖 

The circulation is normalized by the pipe velocity and its 

diameter, expressed as follows: 

(9) Γ+ =
1

U𝑝D
∑|𝜔𝑖|

𝒏

𝒊=𝟏

𝐴𝑖 

Assuming that the pipe flow behaves as a forced vortex, the 

mean angular velocity of a disk (𝑈𝜃) and the swirl angle (𝜑) 

can be calculated using the circulation as follows: 

(10) 𝑈𝜃 =
Γ

𝜋𝐷
 

(11) 𝜑 = 𝑡𝑎𝑛−1 (
𝑈𝜃
𝑈𝑝
) = 𝑡𝑎𝑛−1(

Γ

𝜋𝐷𝑈𝑝
) 

Figure 19 illustrates the vertical variations of circulation and 

swirl angle along suction pipe #8 for both the base and 

modified basins in Sym-3 scenario. The vertical axis, y+ =

𝑦 𝐷⁄  represents the normalized distance from the floor.  

 

 

Fig. 18: Diagram of how to obtain circulation on each 

selected disc along the suction pipe using surface integral 

of the vorticity field. 

 

 

Fig. 19: Vertical variations of circulation and swirl angle 

along suction pipe #8 for the base and modified geometries 

in Sym-3 scenario.  

 

Based on the hydraulic model studies, Ansar recommended 

that the maximum acceptable magnitude of the swirl angle 
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is 5∘ [28]. Figure 19(b) shows that the swirl angle is higher 

than 5° in the entire length of the suction pipe. The 

maximum swirl angle is 8.7° and it occurs similar to the 

rotation maxima at y+=1.25 level. In contrast to the base 

geometry, the rotation angle in most parts of the suction pipe 

in the modified geometry is less than 5 degrees. This 

indicates compliance with the recommended conditions 

outlined in ANSI 9.8.  

These differences are attributed to the non-uniformity of the 

approaching flow along the intake channel, which arises 

from the formation of vortices and circulating regions in the 

embayment area. 

7. Conclusions 

The objective of this research was to employ numerical 

simulations to investigate the hydrodynamic behavior of the 

intake system at the Bandar Abbas seawater desalination 

facility, a critical infrastructure for providing potable water. 

This study aimed to provide a comprehensive analysis of the 

flow dynamics associated with the intake system, which is 

essential in ensuring efficient operation and optimal 

performance of the desalination process. To achieve this, the 

investigation considered both symmetric and asymmetric 

operational modes of the intake system, which are often 

encountered in practical applications due to variations in 

demand and operational constraints. The research rigorously 

assessed the influence of different pump operating scenarios 

on the flow field within the forebay region and along the 

pump bays. By simulating various configurations and 

operational parameters, the study sought to identify the 

conditions that could lead to flow inefficiencies and 

potential operational challenges. 

The results of the simulations revealed that the initial design 

of the forebay exhibited multiple stagnant zones, which 

significantly affected the flow characteristics. These dead 

zones contributed to flow non-uniformity and the formation 

of separation zones along the pump bays. Such conditions 

can adversely impact the overall efficiency of the intake 

system, leading to potential cavitation in pumps and reduced 

effective flow rates. Furthermore, the study found that the 

asymmetric operation of the intake system further 

exacerbated these detrimental flow conditions, highlighting 

the need for design modifications to ensure consistent, 

efficient operation. 

In light of these findings, the research proposed geometric 

modifications to the basin design. Specifically, the 

introduction of three diverging guide vanes at the forebay 

inlet was simulated to evaluate its effectiveness in 

improving the flow dynamics. The modifications aimed to 

redirect the incoming flow more efficiently and mitigate the 

adverse effects observed in the initial design. The results 

indicated a significant improvement in flow patterns ; the 

implementation of these guide vanes successfully eliminated 

all stagnant zones, facilitating a more uniform flow 

distribution across all pump bays. This enhanced flow 

regime not only improved operational reliability but also 

minimized the risk of flow-induced issues, such as 

separation zones that could lead to performance degradation. 

Moreover, the modified geometric configuration met all 

recommendations set forth in the ANSI/HI 9.8-2012 

standard, which outlines best practices for pump intake 

design. These adjustments not only promote optimal 

hydraulic performance but also contribute to the long-term 

sustainability of the desalination plant's operations by 

enhancing energy efficiency and reducing maintenance 

requirements. Overall, this research underscores the 

significance of hydrodynamic analysis and design 

optimization in the improvement of seawater desalination 

systems, providing valuable insights for future studies and 

practical applications in the field. 
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