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Abstract: This paper presents a three dimensional numerical study of flow pattern through
natural channel using computational fluid dynamics (CFD). A five kilometer stretch of the
Barak River has been simulated using the Reynolds Time-Averaged Navier Stokes (RANS)
equation, closed by the Reynolds Stress Model (RSM). This model accounts for multiple
effects in complex flows, especially stress induced secondary flows. Finite volume method
was used for numerical modeling and the free water surface was simulated using the volume
of fluid (VOF) method. The velocity at different sections of the channel showed that the
outer bank had higher velocities compared to the inner bank. The corresponding velocity
contours obtained were compared with the velocity contours simulated using K-Epsilon
turbulence model. The results of RSM seemed more appropriate and plausible than the two
equation K-Epsilon turbulence model. Erosion was found to occur at the concave bank
\
between and where higher velocities are prominent. Satellite image of the study area gives a
more explicit concurrence with the simulated results using RSM model.
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INTRODUCTION
The Barak River, 134 kilometers long, located in southern Assam is one of the most highly
meandering rivers in North East India. Across its floodplain, the river shows different spatial and
temporal vulnerability. Barak River within its alluvial reaches of Assam exhibits evidence of
lateral movement, whereas some of its tributaries show both vertical and lateral movement of
the river has undergone substantial changes in its channel position at several places in Barak
valley with strong northward shift towards west of Silchar (Das et al., 2007).
The river-bank erosion occurs due to the higher flow velocities at the produced during the flow
at the outer bank. Erosion and accretion has led the banks to retreat and advance respectively
at various sections of flow along the Barak River.
In channel bends the difference between centrifugal forces and the pressure gradient leads to
the secondary flow and formation of helicoids at the outer bank. The helicoid generated by the
horizontal shear forces of flow is greater than the centrifugal force as the flow occurs through
the bend (H. Moravan, 2002).
A complete second-order closure model of turbulence was used to predict the behavior of fully
developed turbulent flows in open channels of both simple and compound cross sections
especially turbulence-driven secondary motions by D. Cokljat and B. A. Younis (1995).
Booij (2003) and Van Balen et al. (2009) assessed the secondary flow structure along a 180
degree bend using the Large Eddy Simulation (LES). Existence of secondary flow pattern was
observed at the outer bank with created local scour.
Lu et al. (2004) applied the three dimensional numerical model to simulate flow along a 180
degree channel bend using the K-Epsilon turbulence model. Though the velocity fields showed
good results it failed to predict the secondary current at the outer wall.
Ramamurthy et al. (2013) used various turbulence models and suggested that RSM turbulence
model has better agreement with experimental results.
In this study the numerical model has been used to simulate the velocity of flow along the bend
of the considered channel. Modeling the free surface velocity accurately is of prime importance
as it helps us to understand the secondary current mechanism. Further the steady state velocity
contours of the RSM model is compared with that of the previously simulated RNG K-Epsilon
model.
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MATERIAL & METHODS
Governing Equations
The numerical modeling involves the solution of the Navier-Stokes equations in finite volumes,
which are based on the conservation of mass and momentum of the moving fluid. In channel
flows which are turbulent the velocity, pressure and the stresses within the fluid are constantly
fluctuating. The Navier-Stokes equations are time averaged which results in the Reynolds
Averaged Navier Stokes equations can be written in the tensor form as, first, for the continuity
equation and second for the conservation of momentum,
0

(1)
(2)

Where = density, = mean components of velocity, P = pressure, = fluctuating part of
velocity and = dynamic viscosity. The terms
are referred to as Reynolds stresses and
represent six additional unknowns in the RANS equations that should be modeled or resolved
to allow for the solution of the above equations.
Reynolds Stress Model (RSM)
The poor representation of the individual Reynolds stresses in the two equation models are
overcome by the 7 equation Reynolds stress model particularly in flows with complex strain
fields and significant body forces. It also accounts for the directional effects of the Reynolds
stress field. The equation of transport is given by
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, Dij is the transport of
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is the rate of

due to turbulent pressure strain interactions, Ωijis the
;

;

.

turbulent kinetic energy,
is Kronecker delta. C1= 1.8, C2 = 0.6.
the alternating symbol.
Domain and Mesh Generation

is the dissipation rate of
is the rotation vector with

A 180 degree bend of the Barak River was considered for the numerical analysis. The outer
perimeter of flow field is around 5.3 kilometers and the inner perimeter was around 4.8
kilometers. The scaled three dimensional models were created using AutoCAD, Solid works and
Ansys Design Modeler. Patch independent grids were generated using the Ansys ICEM CFD tool.
The domain was meshed entirely using structured tetrahedral cells of uniform cell size. The cell
size was kept at 1mm in all directions because it should be capable of capturing even the
smallest of changes in the turbulent flow, reducing it further would not have produced
acceptable results. Total numbers of elements are 514180, and total nodes are 95657, 140 at
the inlet and 128 at the outlet. The commercially available CFD software Ansys Fluent 14.0 is
used.
Boundary Conditions
A user defined function was used to define the velocity at the inlet maintaining the mean
velocity at 0.75m/s. the boundary between air and water couldn’t be distinguished at the outlet
and hence the criteria was set to pressure outlet. The forces normal to the free water surface
were considered to be zero. Bed and side walls were taken as non-slip walls with their
respective roughness heights and the standard wall function (Launder and Spalding, 1974)
approach was employed. The pressure strain was considered to be quadratic in nature owing to
the complexity of natural channel flow. The flow domain was solved using the body force
weighted discretization scheme due to the presence of gravity forces in the flow. Momentum,
turbulent kinetic energy and turbulent dissipation rate was discretized using the second order
upwind scheme. Reynolds stresses were discretizedusing the QUICK scheme. The modified high
resolution interface capturing scheme was used for volume fraction. Fluent uses a staggered
cell approach, hence the pressure and velocity were coupled using the PISO scheme which is
designed specifically for transient analysis. Temporal discretization was done using the second
order implicit time formulation.
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Convergence Criteria
All the residual targets were set at 10-3 value which indicates qualitative convergence. At this
point almost all flow features had been established. In addition to monitoring the residuals
mass balances are also to be checked to satisfy continuity. The net imbalance was less than 1
percent of smallest flux through the domain boundary.
RESULTS & DISCUSSION
Velocity contour (Fig 1) showed good agreement with the literature of Odgaard and Kennedy
(1983) plotted at different sections along the flow showed, the maximum velocity at the outer
bank especially between 500and 800(Fig 2, 3, 4, 5) bend of the Barak River. The higher near
surface velocity at the corners of the outer bank confirm the existence of secondary current.
They also explain the highly three dimensional flow nature of water along the outer bank of the
river and it being a reason for vortex production.

Fig 1. Velocity Contour of Barak River simulated using Reynolds Stress Model (RSM)

Fig 2. Velocity Contour at 500 channelsection
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Fig 3. Velocity Contour at 600 channelsection

Fig 4. Velocity Contour at 700 channelsection

Fig 5. Velocity Contour at 800 channelsection
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Fig 6. Velocity Contour at 800 channel section k
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turbulence model, Karthik (2014)

Fig 7. Satellite image of Barak river (Courtesy: Google maps)
A comparison has been made with simulation done considering the K-Epsilon model by Karthik
(2014) (Fig 6) where the free surface velocity was predicted to be zero which seemed
implausible.
The shortcomings of the k- model in simulating complex channel flows, was overome by the
anisotropic Reynolds stress model. The free surface velocity was precisely modeled. Centrifugal
force leads to the phenomenon of super elevation, which causes the water in the curved reach
of the outer bank to have high near surface velocities resulting in secondary circulation or
vortex. As the vortices are carried downstream the secondary flow causes erosion and changes
in the bed topography. The two equation k- turbulence model couldn’t predict the near
surface velocity patterns and thus the secondary and helicoids flow pattern due to its isotropic
nature. Erosion will be maximum between 500 and 800 zone of the bend due to the higher
velocity at the outer banks and subsequent vortex positions. The satellite (Fig 7) image also
confirms the same. The velocity contours also give us an idea about the helical nature of flow in
this zone which may be utilized to design river training works to prevent bank erosion.
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CONCLUSION
The velocity at different sections of the channel showed that the outer bank had higher
velocities compared to the inner bank. Erosion was found to occur at the concave bank where
higher velocities are prominent and at the same time in the convex bend deposition of the
eroded materials occurs. The corresponding velocity contours obtained were compared with
the velocity contours simulated using K-Epsilon turbulence model. The results of RSM seemed
more appropriate and plausible than the two equation K-Epsilon turbulence model. Satellite
image of the study area gives a more explicit concurrence with the simulated results using RSM
model.
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