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Distribution of flow and velocity in a meandering river is important in river hydraulics to be investigated from a practical point
of view in relation to the bank protection, navigation, water intakes, and sediment transport-depositional patterns. When flow
enters a bend, the centrifugal force arising from the channel curvature leads to a transversal slope in the water surface. (e
interaction between the centrifugal force and transversal pressure gradient causes secondary flows in cross-sections, and the
secondary flows spread further by moving along the bend. Hence, at the bends, these processes lead to longitudinal velocity
increase in the inner wall and decrease at the outer wall. In this paper, experimentation is carried out for two different bed
roughness on a 4.11 sinuosity meandering channel with 110° crossover. Longitudinal velocity distribution is analysed with the
graphical illustrations for the detailed experimental study. Study of flow profile across the crossover is also particularly
important as the inner bank of the bend changes to the outer bank and vice versa which has a significant effect on the water
surface profile and hence on the velocity distribution along the full meander path. (e objective of the analysis is to determine
the effect of curvature and roughness on the velocity profiles, throughout the meander path. It is determined that the resistance
of flow, on the smoother bed channel, is higher than that of the channel with higher Manning’s n above a certain depth at the
apex and transition sections. A reciprocal study of the experimental investigation is attempted with a numerical hydrodynamic
tool, namely, CCHE (Centre for Computational Hydroscience and Engineering) developed by NCCHE, University of
Mississippi, US. (e model is applied to simulate the inbank flow velocity distribution and validate the experimental ob-
servation for the meandering channel with rough bed.

1. Introduction

Distribution of velocity varies along the depth as well as the
width of the channel. (e variation along the depth ranges
from zero at the channel bed to a maximum value, either at
the water surface or at a distance below it, reliant on the
channel characteristics. (is nonuniformity in the velocity
distribution is affected predominantly by the bed shear
stresses. Flow turbulence structures are influenced by the
roughness or smoothness of the channel boundary; conse-
quently, making roughness and shear to be dominant factors
influencing the velocity distribution. On considering the
width of the channel, it is observed that for straight channels,

the velocity is maximum at the central region. Such flow
characteristics, although seen in straight channels, is not
observed in meandering channels. Meandering of a channel
is quantified by sinuosity or the crossover angle. Sinuosity is
calculated by the ratio of the curved distance traveled by the
channel with respect to straight distance. (e crossover
angle on the other hand is the angle made by the crossover
and the bend apex sections.

Flow in meandering channels is quite ambiguous. In
general, rivers hardly flow straight and uniform. (ey are
always seen in a typical curved or meandering form. Rivers
generally follow this pattern for minimization of energy loss.
Meandering channels are equilibrium features that represent
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the most probable plan geometry, where single channels
deviate from straightness. Information regarding the nature
of flow in simple and compound meandering channels is
needed to solve a variety of river hydraulics and engineering
problems such as to give a basic understanding of the flow
attributes, to understand the mechanism of sediment
transport, and to design stable channels.

Considerable research on various aspects of velocity
distribution in curved meandering rivers has been carried
out, but no systematic effort has been made to analyze the
variation of velocity profile along a meander path [1]. Flow
characteristics and velocity distributions in meandering
rivers are essential issues to be investigated in the field of
river hydraulics from a practical point of view in relation to
the bank protection, navigation, water intakes, and sediment
transport-depositional patterns. Knowledge on velocity
distribution of a channel also helps to determine the energy
expenditure, bed shear stress distribution, and the associated
heat and mass transport problems.

Extensive studies on flow characteristics in channels
have been carried out with different bend angles by using
experimental and numerical models. Blanckaert and Graf [2]
while investigating the channel bed level changes for a 120°
sharp bend with a movable bed reported a minor secondary
rotating flow cell at the outer wall of the bend. Shiono et al.
[3] developed turbulence models and studied the behavior of
secondary flows and centrifugal forces for straight and
meandering channels. McKeogh and Kiely [4] studied ve-
locity distribution in meandering compound channels and
stated that the maximum velocity in main channel, whether
above or below the bank level, is closer towards the inner
bend. Similar observation was made by Sellin and Willets
[5], also showing that the velocity weakens and moves across
to the outside of the bend while moving further downstream.
He et al. [6] studied a similar flow pattern and formulated
a nonlinear model to simulate the flow pattern and the
evolution of meandering channels. A limitation to their
formulation is that the model did not performwell for highly
meandering channels. Akbari and Vaghefi [7] provided
experimental investigation on a 180° sharp bend, for stream-
lines of longitudinal profiles, cross sections, and plans. Al-
though, it is not meandering channel, but the results at the
maximum curvature were analogous to a bend apex. (ere-
fore, experimental study on the velocity variation in a highly
meandering channel was necessitated. Few literature is avail-
able on meandering channels with higher bed roughness
particularly the detailed comparison of longitudinal velocity
between different roughness. Hence, the present study in-
corporated the experimental investigation on two differently
roughened meandering channels with high sinuosity. (e
variation of longitudinal velocity for both the channels is
studied in detail for a complete meander path.

Numerical hydraulic models significantly reduce cost
associated with the experimental models, and their use has
been rapidly expanded in the recent decade. Booij [8] and
Van Balen et al. [9] modeled the flow pattern at a mildly
curved 180° bend and assessed the secondary flow structure
using large eddy simulation (LES). Zhou et al. [10] using the
two-dimensional depth-averaged model, simulated the flow

pattern in 180° sharp bend and 270° mild bend, with and
without consideration of the secondary flow, and claimed
that, given the effect of the secondary flow, the simulation
results in the first state have a better agreement with the
experimental results. Naji Abhari et al. [11] studied the flow
pattern in a 90° mild bend numerically and experimentally,
focusing on the velocity distributions, the streamlines at
different water levels, and the distribution of shear stresses.
(e results showed that the flow pattern in a channel bend is
heavily influenced by the secondary flow and centrifugal
force. Bonakdari et al. [12] investigated the flow pattern at
a 90° mild bend using the numerical model, artificial neural
network, and genetic algorithm. Khatua et al. [13] studied
the evaluation of roughness coefficients in meandering
channels. Mohanty [14] anticipated lateral depth-averaged
velocity distribution in a trapezoidal meandering channel,
and a quasi-1Dmodel Conveyance Estimation System (CES)
was applied to the same meandering channel to analyse the
depth-averaged velocity.

CCHE2D (National Center for Computational Hydro-
science and Engineering’s 2-Dimensional Model) is a two-
dimensional depth-averaged, unsteady flow, and sediment
transport model in which the flowmodel is based on depth-
averaged Navier–Stokes equations. (is is an integrated
package for simulation and analysis of free surface flows,
sediment transport, and morphological processes. Hossain
et al. [15] examination approves the CCHE2D hydrody-
namic model flood replication results utilizing a progres-
sion of satellite imagery and a few advanced digital image
processing procedures. Kim [16] studied the changes in the
bed of the Geum River in South Korea by using the CCHE2D
model. Li et al. [17] studied the transport of flow and bed load
in a 110° sine-generated laboratory meandering flume by
applying CCHE2D.

In this paper, experimental investigation is performed to
study the velocity distributions in a highly meandering
channel of sinuosity 4.11 with 110° crossover angle for both
smooth and rough channel beds. (e velocity profiles are
analyzed to find the flow pattern and movement of the local
maximum velocity at different sections along the meander
path in-between two successive bend apex regions. (e
CCHE2D model is utilized to compare the depth-averaged
velocity variation along the meander path.

2. Methodology

Langbein and Leopold [18] suggested that the shape of
meanders is comparable to sine-generated functions. (is
function can be utilized in determining a continuous vari-
ation in curvature of the centerline as preferred for forming
an ideal natural meander wave evolution phase. A sine-
generated curve being specified by the value of the deflection
angle, θo, at the point of inflection, the channel sinuosity
can be evaluated by the first kind Bessel function of zeroth
order [19]. Basing on this concept, an experimental meander-
ing channel with a sine-generated curvature is constructed
having a 110° deflection angle with two and half meander
wavelengths. (e wavelength for the meandering channel
was set as 2.162m with a 4.11 sinuosity. (e experimental
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channel is constructed over a cast iron �ume of width 4m
and length 15m.

2.1. Experimental Setup. Experimental investigations are
conducted in the highly meandering trapezoidal channel at
NIT, Rourkela. �e channel has a side slope of 1 :1 with
0.33m as the bottom width and 0.065m as the bank-full
depth, the valley slope being 0.00165. �e plan for the ex-
perimental process is demonstrated in Figure 1. Research in
the proposed experimental channel is carried out with two
di�erent roughness, denoted as smooth and rough.

Smooth refers to the channel constructed with the
Perspex sheet, with an assumed height of 0.1mm. However,
rough refers to a channel with 1.2mm gravels �xed to the
bed. �e basis of denoting this roughness as smooth and
rough is illustrated in Section 2.3. �e setup for both these
types is illustrated in Figure 2.

Manning’s roughness is dependent upon various factors
including channel geometry and sinuosity and not just the
bed material [20–22]. �erefore, calculation of Manning’s n
for the bed material is not appropriate on meandering
channels. Hence, Manning’s n value for the above materials is
determined on a straight rectangular channel, which are
found to be 0.01 and 0.014 for the Perspex and gravel beds,
respectively.

Individual discharges of 5 l/s and 5.2 l/s are maintained
for the Perspex and gravel bed meandering channels, re-
spectively.�ese individual discharges provide an equivalent
value of the aspect ratio (b/h) in the channels at every section
along the meander path so as to aid in comparison of the
velocity variations.

2.2. Test Sections. Observations are recorded along a meander
path, that is, between two consecutive bend apex regions. For
the present experimental study, the region between the second
and third bend apex is taken into consideration. �e assess-
ments are undertaken at di�erent reaches along the prescribed
path as demonstrated in Figure 3(a). �e channel has
a crossover angle of 110°. Hence, the sections in the meander
path are resolved by dividing the crossover angle into six equal
sectors on either side of the crossover region with respect to
the centerline of the channel. Perpendicular sections to both
the channel boundaries for each of the sector lines are drawn
to provide thirteen sections including the two bend apex
sections, A and M, and the crossover section G. Figure 3(b)
shows the grid positions for measurement of longitudinal
velocity for each of the sectional reaches using a series of the
Pitot tubes in assistance of a moving bridge arrangement.

Measurements are taken across the main channel in the
direction of �ow. �e lateral spacing of the grid points has
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Figure 1: Planform of the experimental setup for the the meandering channel.
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Figure 2: Experimental meandering channels: (a) smooth and (b) rough.
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been taken as 4 cm on either side of the centerline.�e depth
of �ow at any individual section is not constant in the case of
a meandering channel. �e lateral spacing on the bank
region is dependent upon the individual depth of �ow, for
the particular section. As the trapezoidal channel has a 1 :1
side slope, the lateral distance is proportional to the vertical
distance, demarcated as 0.2h, 0.4h, 0.6h, and 0.8h.

Tail gate on the rear end of the �ume is adjusted for
maintaining a constant water depth of around 0.05m,
throughout the meander path.�is is done for both the cases
of meandering channels.

2.3. �eoretical Consideration. In�uence of the shape and
bed roughness has an enormous e�ect on the velocity dis-
tribution of a channel. Friction velocity or bed shear velocity
is a signi�cant term in the context of computing the velocity
pro�le as well as for determining the bed roughness. Friction
velocity u∗ is de�ned as the �uid velocity at an elevation of
z� z0eκ, where z0 is the elevation at zero velocity and κ is the
von Kármán constant equal to 0.4.

�e apparent elevation for zero velocity, that is, z0, pri-
marily depends upon the �ow characteristic of the channel, that
is, the kinematic viscosity, friction velocity, and roughness
height. A classi�cation for the value of z0 has been provided by
Nikuradse and Liu [23, 24], suggesting di�erent formulations

for hydraulically smooth, rough, and transition �ows. Te Chow
[25] suggested the friction velocity to be de�ned as

u∗ �
��
τ0
ρ

√
, (1)

where τ0 is the bed shear stress and ρ is the density of the �uid.

τ0 � ρghS, (2)

where h is the depth of �ow and S denotes the surface or bed
slope. �e friction velocity can thus be de�ned as

u∗ �
����
ghS
√

. (3)

�e friction velocity of a channel can then be used to
determine the �ow condition, that is, whether the �ow occurs
over a hydraulically smooth or rough surface. Hydraulically
smooth refers to the �ow over surface irregularities submerged
completely in the laminar sublayer [25]; hence, the velocity
distribution is una�ected by the bed roughness. Hydraulically
rough refers to �ow over large surface irregularities which
produce eddies at the bed. In this case, viscous sublayer is
absent, and hence, the velocity distribution is solely a�ected by
the bed roughness. Yalin [19], Graf [26], and Schlichting and
Gersten [27] suggested classi�cation for such channels by the
means of friction velocity u∗ (m/s) as depicted below:
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Figure 3: (a) Test section. (b) Position of measurement.
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0<
u∗k

]
< 5, (4)

5<
u∗k

]
< 70, (5)

70<
u∗k

]
. (6)

where k refers to the roughness height in meter and ] is the
kinematic viscosity (m2/s) of the fluid flow. Equation (4)
refers to the condition of flow over a hydraulically smooth
bed, while (5) and (6) denote flow over transition region and
hydraulically rough surfaces, respectively.

Velocity distribution plots over a transition region are
affected by the bed roughness as well as viscosity [25]. (e
roughness height for the Perspex sheet and the gravel are
determined as 0.0001m and 0.012m, respectively. (e kine-
matic viscosity of water was taken as 1.14×10−6m2/s with an
average value of u∗ being 0.01396m/s and 0.01385m/s for the
smooth and rough beds, respectively. (e average values of
(u∗k/]) are hence calculated to be in the ranges of 1.225 and
145.835 for the Perspex and gravel beds, respectively. In the
current study of velocity distribution, the bed roughness is
demarcated as smooth and rough by the use of the above
classifications. Friction velocity, u∗, at the elevation z, respective
to the bed roughness is obtained and is used in portraying the
velocity distribution plots.

2.4. Numerical Analysis Using CCHE2D. (e CCHE2D
model is based on depth-averaged Navier–Stokes equations,
and the depth-integrated two-dimensional equations are
generally accepted for studying the open channel hydraulics in
shallow flow conditions with reasonable accuracy and effi-
ciency.(ese equations include the momentum equations and
the continuity equations. In addition to the numerical model
itself, this family includes two more members: a mesh gen-
erator (CCHE2D mesh generator) and a graphical users in-
terface (CCHE2D-GUI).(e CCHE2Dmesh generator allows
the rapid creation of complex-structured mesh systems for the
CCHE2Dmodel with several integrated useful techniques and
methods. (e CCHE2D-GUI is a graphical user’s environ-
ment for the CCHE2D model with four main functions:
preparation of initial and boundary conditions, preparation of
model parameters, run numerical simulations, and visuali-
zation of modelling results. (e momentum equations for
depth-integrated two-dimensional turbulent flows in a Car-
tesian coordinate system are

du

dt
+ u

du

dx
+ v

du

dy
� −g

dz

dx
+
1
h

d hτxx( 

dx
+

d hτxx( 

dx
 

−
τxy

ρh
+ fcorv,

(7)
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� −g
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dx
+
1
h

d hτxx( 

dx
+

d hτxx( 

dx
 

−
τby

ρh
+ fcoru,

(8)

where u and v are the depth-integrated velocity components
in x and y directions, respectively; t is the time; g is the
acceleration due to gravity and ρ is the density; h is the local
water depth; fcor is the Coriolis parameter; and τxx, τyy, and
τyx are the depth-integrated Reynolds stresses. Free surface
elevation for the flow is calculated by the depth-integrated
continuity equation:

zζ
zt

+
zuh

zx
+

zvh

zy
� 0. (9)

Assuming the bed elevation, ζ, would not change in the
flow simulation process zζ/zt � 0, the continuity equation is
then simplified to

zη
zt

+
zuh

zx
+

zvh

zy
� 0, (10)

where η is the free surface elevation and h is the water depth.
Because bed morphological change is a much slower process
than hydrodynamics, this equation is widely accepted and
utilized for computing free surface with two-dimensional
models.

(e mesh represents a computational domain where the
governing equations are discretized. (erefore, for suc-
cessful simulation, the regions should have proper resolution
with the inlets and outlets sufficiently further from each
other. (e computations are conducted in a limited portion
of the free surface flow; hence, the boundary conditions are
the driving mechanism with which the flow in the simulated
area behaves. (erefore, the boundary conditions should be
provided as close to the physical conditions as possible. (e
numerical simulation is carried out to reproduce true
physics by solving mathematical equations.

3. Results and Discussion

3.1. Experimental Observation. (e variation in velocity is
represented as a nondimensional parameter, that is, as u/u∗,
where u∗ is the bed shear velocity or friction velocity cor-
responding to the individual channel condition and u is the
longitudinal point velocity at the particular grid point. (is
nondimensional velocity variation is plotted against the
inverse aspect ratio, α′� h/b. (e inverse aspect ratio has
been considered so as to give a nondimensional factor in the
velocity variation study.(erefore, with similar aspect ratios,
the velocity distribution across a section in both smooth and
rough meandering channels can be analyzed together.

Variation of longitudinal velocity at the 13 undertaken
sections is illustrated in Figures 4–16, with a comparison
of the variations with respect to roughness of the channel.
Figures 4 and 16 represent the bend apex sections A and
M, respectively, whereas Figure 11 is the crossover section
G. Figures 5–9 and 11–15 represent the five intermediate
sections in between each of the bend apexes and the
crossover.

On observing the profiles across a cross section, it is seen
that the velocity remains higher towards the inner wall for
both the cases of bed roughness. (e highest velocity for
a particular section gradually moves from the outer wall on
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the left-hand side of section A (Figure 5) towards the central
region of crossover section G, as seen in Figure 10. �e
highest velocity on moving further downstream is observed
to move to the right-hand side of the adjoining bend apex
section M as seen in Figure 16. �e transition in the
movement of the maximum velocity from the channel sides
to the center of crossover, for a meander path, occurs at the
intermediate sections D and J.

In a straight channel, an increase in bed roughness would
imply higher value of Manning’s n and therefore lower
velocity. Such an observation should also have been possible

in the case of a meandering channel. But, as observed in
Figure 4, that is, bend apex section A, the longitudinal
velocity in the rough meandering channel is lower than its
smoother counterpart only up to a depth of 0.2h to 0.4h. As
the depth increases, the velocity distribution in the rough
meandering channel is observed to be higher than that in the
smoother. �erefore, this indicates that there is a greater
resistance on the smoother channel, above this depth. �e
only other e�ect is the curvature, which is same for both the
channels. It is concluded that the resistance caused due to
the meandering e�ect is more on the smoother channel. It is
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hence deduced that the curvature of the channel has a sig-
ni�cant e�ect on the velocity variation and not just the bed
roughness. Such an observation is consistent across the
channel section for both the bend apexes A and M as seen in
Figures 4 and 16, respectively.

At the sections following the apexes, sections B to F and
sections H to L, that is, up to the crossover, the overlapping
of the velocity pro�les for the di�erent roughness is only
observed around the outer regions. At the inner banks, the
velocity variation in the smooth and rough bed meandering

channels is seen to be distinctly apart. �e only exception is
the transition sections D and J (Figures 7 and 13). �e
observation at these sections is quite synonymous to the
apex, with the overlaying of the pro�les occurring at a
depth of around 0.4h to 0.6h. Such an observation can be
attributed to the movement of maximum velocity from the
inner wall of the bend apex towards the central region of
the crossover.

In the crossover section (Figure 10), the velocity pro�les
for both the roughness are distinctly apart, throughout the
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cross section. Longitudinal velocity in the rough bed is seen
to be lower in magnitude than that in the smoother channel
across the cross section.�e higher cross-sectional velocity is
also observed to be at the center. Such observation is similar
to a straight channel, for which it is deduced that the
crossover section behaves as a straight channel.

3.2. Simulation by CCHE2D. In the CCHE mesh interface,
the experimental meandering channel is drawn providing
it with a structured and orthogonalmesh.�e outer boundaries

of the channel are �rst drawn such that the intermediate
sections are perpendicular to both the boundaries, as seen in
Figure 17(a). More number of nodes are drawn at the meander
bends for better discretization. Figure 17(b) represents the
optimized mesh with an initial bed elevation.

�e parameters for the CCHE mesh and GUI are
provided in Table 1. �e CCHE2D model is developed for
the experimental rough meandering channel. In the GUI,
the bed roughness and an initial water depth are provided
as initial conditions. Manning’s n value of 0.014 is pro-
vided as the bed roughness. An initial water depth is
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a requisite for the model to initiate the iteration.�erefore,
a small water depth of 0.01m is provided as the initial
water surface.

�e boundary conditions in the CCHE2Dmodel are the
inlet discharge and the outlet water depth. �e inlet dis-
charge is provided as 5.2 l/s, similar to that of the exper-
imentation. As denoted in Section 2.2, the average depth of
�ow for the entire meander path between the second and
third bend apex is around 0.05m. �is depth is maintained
by adjusting the tail gate to form a quasi-uniform �ow. By
leaving the tail gate open, the �ow depth would naturally

fall, which is also predicted in the case of the CCHE2D
model. Hence, 0.03m depth of �ow is provided as the
boundary condition at the outlet, so as to maintain an
average depth of 0.05m at the region between the second
and third bend apex.

Figure 18(a) represents the simulation result of CCHE2D
for depth-averaged distribution, whereas Figure 18(b) rep-
resents the experimental observation of average velocity as-
sumed to occur at 0.4h. �e meander path taken into
consideration is illustrated as the region between the sections
demarcated as A and M on both the insets.
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Figure 14: Comparison of velocity variation in section K.
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Figure 15: Comparison of velocity variation in section L.
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�e maximum velocity for the experimental observation
(i.e., Figure 18(b)) at sections A and M is found to be around
100 cm/s. From the simulation results of CCHE2D, the
maximum value at these sections is seen to be in the range of
0.998m/s which is quite close to the experimental observations.

In Figure 18(a), the velocity distribution along the
meander path is observed to decrease uniformly up to the
crossover section, which then gradually increases towards
the next consecutive bend apex, much similar to what is
observed in Figure 18(b) for the experimental study. �e
degree of variation in this above observation is also quite
similar, which can be determined from the contours.

�e velocity values around the crossover region are ob-
served to be negative in the contour index of Figure 18(a). It is
pertinent to mention that the negative sign is due to the di-
rection of �ow and not a negative velocity. �e direction of
longitudinal velocity, for instance, the crossover section, is
slightly towards the left. Since the longitudinal velocity is taken
as positive in the x-axis of the �rst quadrant for the CCHE2D
model, these values are represented with a negative sign.

�ere is a slight di�erence in the CCHE2Dmodel prediction
for the depth-averaged velocity around the crossover region in
comparison with the experimental study. �e crossover region
has a depth-averaged velocity of around 12cm/s for the exper-
imental channel, which is predicted to be 18cm/s by CCHE2D.
From the above analysis, it can be suggested that CCHE2D to
some extent is capable of predicting the depth-averaged velocity
distribution in experimental meandering channels.

4. Conclusions

In this paper, an experimental investigation is carried out to
observe the velocity distribution plots for two meandering
channels with di�erent roughness beds. �e analysis is
carried out to �nd the e�ect of bed roughness and curvature
of the meandering channel on the velocity variations. �e
velocity distributions are found to remain higher towards
the inner wall of the sections, in and around the bend apex
region of the meander path. �is observation is distinctively
similar for both the bed roughness.
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Figure 16: Comparison of velocity variation in section M.

(a) (b)

Figure 17: CCHE mesh: (a) construction of the channel boundary and (b) meshing for the entire channel.

Table 1: Condition set for the numerical model.

Serial number CCHE mesh CCHE GUI
1 Imax� 24 and Jmax� 500 Initial bed elevation� 0.065m
2 Number of iterations� 10 Bed roughness, n � 0.014
3 Smoothing parameter� 0.5, B-spline Initial water surface� 0.01m
4 Exponential parameter, E� contract Inlet boundary condition� 0.0052m3·s−1
5 Deviation parameter, D� 0.5 Outlet boundary condition� 0.03m
6 Smoothing parameter, S� 3.5
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At the meander bends, above the depth of 0.2h to 0.4h, the
resistance caused by the curvature of the channel is found to be
more on a smoother channel than that on a rough channel
with same geometric conditions. Similar observations are
found in sections, at themiddle of the apexes and the crossover
sections in a meander path, but above a depth of about 0.4h to
0.6h. �ese observations can be attributed to the position of
maximum curvature at the bend apexes (A and M) and the
movement of maximum velocity from the inner wall of the
bend apex towards the central region of the crossover at
sections D and J. �e longitudinal velocity pro�les at the
crossover section G are found to be following similar patterns
to that of straight channels.

In the numerical analysis done by CCHE2D, it can be
concluded that the longitudinal velocity, that is, the u ve-
locity, as considered by the software observes maximum
velocity at the inner side of the bend apex region which is
synonymous to the experimental velocity contour diagram.
On comparing the experimental analysis with the numerical
analysis, it was found that the maximum velocity values as
calculated and observed in both the cases have a very minute
variation. It can be therefore deduced that CCHE2D to some
extent is capable of predicting the depth-averaged velocity
distribution in experimental meandering channels.

It is deduced, from the present experimental analysis,
that the e�ect of curvature is more on a smoother channel
above a certain depth at the bend apex and the transition
sections. Future scope of the study would be to analyse the
extent of this curvature by experimentations on meandering
channels with di�erent curvatures.
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