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Abstract: This paper provides detail application of FLUENT-2D software in simulation of lateral intake flows. 
Numerical simulations undertaken in present two dimensional work use RSM turbulent model. Results for 
dimensions of separation zone were compared with Kasthuri and Pundarikanthan (1987) that a good agreement 
is found between them. 
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1 Introduction 
In hydraulic and environmental engineering, one 
commonly comes across branching channel flows. 
Some of the distinctive characteristics of a dividing 
flow in an open channel are illustrated in Fig.1. A 
zone of separation near the entrance of the branch 
channel, a contracted flow region in the branch 
channel, and a stagnation point near the downstream 
corner of the junction can be observed. In the region 
downstream of the junction, along the continuous 
far wall, separation due to flow expansion may 
occur. (Ramamurthy et al. 2007) 

 

 
 

Fig.1. Flow characteristics of a dividing flow in open 
channels 

 

So, flows through lateral intakes adjoining rivers 
and canals are turbulent. The transverse pressure 
gradients in the vicinity of the intake induce region 
of mean-velocity gradients, depth-varying surface 
of flow division and separation, vortices, and zone 
of flow reversal.  

A great number of experimental and analytical 
studies dealt with dividing flows. Taylor (1944) 
conducted the first detailed experimental study in an 
open channel and proposed a graphical solution, 
which included a trial-and-error procedure. Grace 
and Priest (1958) presented experimental results for 
the division of flow at different width ratios of the 
branch channel orientation to the main channel. 
They also classified the division of flow into two 
regimes, with and without the appearance of local 
standing waves near the branch. The regime without 
waves corresponded to the case where the Froude 
numbers were relatively small, and the regime with 
the waves corresponded to the free over-fall 
conditions at sections downstream of the junction. 
Without the appearance of standing waves, the 
downstream-to-upstream depth ratio and the branch-
to-downstream depth ratio are nearly equal to unity 
and the ratios mildly decrease while the branch-to-
main channel upstream discharge ratio increases. 
Law and Reynolds (1966) investigated the problem 
of dividing flows using analytical and experimental 
methods. They concluded that for a dividing flow at 
low Froude numbers in a right-angled dividing 
flow, the momentum and energy principles can both 
be applied to describe the flow in the main channel 
extension.  
Existing results (Krishnappa and Seetharamiah 
1963; Law 1965; Sridharan 1966; Ramamurthy and 
Satish 1988) indicate that the flow condition at the 
entrance to the branch is generally unsubmerged 
when the Froude number Fr in the branch is greater 
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than a threshold value (0.3 or 0.35). This feature 
becomes important in correlating discharge 
distribution with the other flow parameters. When 
the flow at the section of maximum contraction is 
un-submerged the division of flow at junction is 
relatively unaffected by the changes in the 
downstream section of the branch channel. 
Best and Reid (1984) undertook a study to create a 
relationship between flow parameters and 
separation zone dimensions for various confluence 
angle. Their results indicate that both length and 
width of separation zone increase with increasing 
discharge ratio, for the 90 ْ confluence angle. For 
branching channels or intakes, result obtained from 
different researchers (Kasthuri and Pundarikhathan 
1987; Best and Reid 1984; Neary et al 1999) 
indicate that both length and width of the separation 
zone decrease with increasing the discharge ratio. 
Results obtained from the current 2D-numerical 
model for dimensions of separation zone were 
compared with Kasthuri and Pundarikanthan’s 
experimental (1987).  
 
 
1   Experimental Investigation     
Dimension of separation zone obtained from the 
current numerical model were compared with 
laboratory experiment results performed by 
Kasthuri and Pundarikanthan (1987).  
In their experimental set-up, the main channel was 
6m long and the intake was 3m long, fitted at its 
midpoint. The width of both channels was 0.3m, the 
bed slope was zero and channels were 0.25m deep. 
The channel bed was finished with smooth cement 
plaster and walls were built from Perspex sheets. 
In Kasthuri and Pundarikanthan’s experimental 
(1987) flows were subcritical during all runs and the 
Froude number in inlet varying from 0.1 to 0.4. 
They have presented relationships between the 
maximum non-dimensional length (SL/b) and non-
dimensional width (SW/b) of the separation zone, 
and R=Q b/Q. The results show both the length and 
the width of the separation zone decrease with 
increasing R.  
 
 
2   Numerical Model Description 
FLUENT is the CFD solver for choice for complex 
flow ranging from incompressible (transonic) to 
highly compressible (supersonic and hypersonic) 
flows. It Provides multiple solver options, combined 

with a convergence-enhancing multi-grid method, 
FLUENT delivers optimum solution efficiency and 
accuracy for a wide range of speed regimes.(Fluent  
user guide 2003) 
FLUENT solves governing equations sequentially 
using the control volume method. The governing 
equations are integrated over each control volume to 
construct discrete algebraic equations for dependent 
variables.  These discrete equations are linearized 
using an implicit method.  
Turbulent flows can be simulated in FLUENT using 
the standard K-ε, LES, RNG, or the Reynolds-stress 
(RSM) closure schemes. The model optimizes 
computational efficiency by allowing the user to 
choose between various spatial (Second-order 
upwind, first-order, QUICK) discritization scheme.  
We used second order upwind discritization scheme 
for Pressure, Momentum, Turbulent kinetic energy 
and turbulent dissipation rate and used SIMPLE 
algorithm for Pressure-Velocity Coupling Method. 
 
 
3     Governing equations 
The governing equations of fluid flow in rivers and 
channels are generally based on three-dimensional 
Reynoldes averaged equations for incompressible 
free surface unsteady turbulent flows as follows [2]: 
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There are basically five terms: a transient term and a 
convective term on the left side of the equation. On 
the right side of the equation there is a 
pressure/kinetic term, a diffusive term and a stress 
term. 
In the current study, it is assumed that the density of 
water is constant through the computational domain. 
The governing differential equations of mass and 
momentum balance for unsteady free surface flow 
can be expressed as [8,9]: 
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Where t=time; ui is the velocity in the xi direction; P 
is the pressure; ν is the molecular viscosity; gxi is 
the gravitational acceleration in the xi direction, and 
ρ is the density of flow. 
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As in the current study, only the steady state 
condition has been considered, therefore equation 
(2) to (3) incorporate appropriate initial and 
boundary conditions deployed to achieve 
equilibrium conditions. 
The under-relaxation factors are chosen between 0.2 
and 0.5. The small value of the under-relaxation 
factors is required for the stability of the solution of 
interpolation scheme. 
Turbulent stresses in Reynolds-averaged equations 
can be closed using any of several exiting 
turbulence models. No single turbulence model is 
accepted universally for solving all closes of 
problems but each model has certain advantages 
over the others depending on the type and the nature 
of the flow field to be simulated and the desired 
accuracy of results [2]. 
The Reynolds stress model (RSM) provides closure 
of the Reynolds-averaged Navier-Stokes equations 
by solving transport equations for Reynoldes 
stresses and an equation for energy dissipation rate 
(four-equation for 2D flows and seven-equation for 
3D flows).This turbulence model used in the present 
study. Since the RSM accounts for the effects of 
streamline curvature, swirl, rotation, and rapid 
changes in strain rate in a more rigorous manner 
than one-equation and two-equation models, it has 
greater potential to give accurate predictions for 
complex flows. 
The exact transport equations for the transport of 
the Reynolds stresses, ''

ji uuρ  , may be written as 
follows: 
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(4) 
 

Since flows through lateral intakes adjoining rivers 
and canals are turbulent and a very complex flow 
exists we use RSM turbulence model in this paper. 
 
 

4   Boundary conditions  
Appropriate condition must be specified at domain 
boundaries depending on the nature of the flow. In 
simulation performed in the present study, velocity 
inlet boundary condition is specified and set to 
0.5m/s to provide similar Experimental Froude 
number; outflow boundary condition used for two 
outlets for all of runs. The length of the main and 
branch channel were chosen properly; therefore 
sufficient distance is provided between the junction 
and two outlets to ensure that the flow returned to 
the undisturbed pattern. Fig.2 represents the layout 
of the simulated main channel and intake. 
Seven discharge ratios R=Qb/Q equal to 0.2, 0.35, 
0.45, 0.52, 0.65, 0.80 and 0.90 were used. 
The no-slip boundary condition is specified to set 
the velocity to be zero at the solid boundaries and 
assumed to be smooth.    
 

Fig2. Layout of main channel and intake 
 
 
It is also important to establish that grid-
independent results have been obtained. The grid 
structure must be fine enough especially near the 
wall boundaries and the junction, which is the 
region of rapid variation. Various flow 
computational trials have been carried out with 
different number of grids in x and y directions. It 
was found that results are independent of grid size, 
if at least 3550 nodes are used. Computational mesh 
is shown in Fig.3. 
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 Fig.3. Computational geometry and grid 
 

 
5   Results and Discussions 
Figs. (4) to (5) presents the predicted variation of 
non-dimensional width and Length of separation 
zone in intake for different discharge ratios. The 
measurement of Kasthuri and Pundarikanthan 
(1987) is included for comparison. A good 
agreement is found between the experimental data 
and the present numerical results. 
Results indicate that both length and width of the 
separation zone decrease with increasing discharge 
ratio. Separation zone reduces the effective width of 
the channel.  It can be defined as the area of reduced 
pressure and re-circulating fluid with low velocities; 
therefore it has a strong sediment deposition 
potential in which sediment particles enter the 
branch channel. It can be seen that for a lower 
discharge ratio, more than 60% of the branch 
channel width is occupied by the re-circulating 
zone. 
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Fig5. Dimensionless Length separation zone vs. Ratio of 

discharge 
 

Fig.6. shows that the contraction coefficient Cc, 
(Cc=effective width of lateral intake/width of 
intake), increases linearly as discharge ratio 
increases. This indicates that a smaller branch 
discharge Qb results in a small effective width 
in the recirculation region of the branch 
channel. 
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Fig6. Contraction coefficient in branch channel 
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