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ABSTRACT 

Flow in meandering channel is quite ambiguous for natural flow systems such as in rives. Rivers 
generally follow this pattern for minimization of energy loss. However, several factors such as 
environmental condition, roughness are responsible for generation of this path for rivers. Due to 
continuous change in the direction of flow; flow separation, secondary circulation, turbulent eddy 
motion, and energy losses is caused. Because of the curvature of the channel, there is also a lateral 
variation of mean velocity in the channel. Therefore, the velocity and energy of a particle changes from 
point to point along the longitudinal as well as the lateral direction of flow. The fluid particle change 
its energy and momentum at different cross-sections along the meander path i.e. from one bend apex 
section to another with change in direction at the cross-over. 

In this present research work, the experimental investigation of velocity distribution along the 
meander path of a 110° simple meandering channel is carried out. The paper illustrates the velocity 
profile at thirteen different sections between two consecutive bend apex. The depth-averaged velocity 
along the path is also shown. Due to the variation in the velocity profile, the changes in the momentum 
and energy correction coefficients are studied and explained in this paper. 

Keywords: Meander Channel, Kinetic Energy Coefficient, Momentum Coefficient, Depth average 
velocity. 

1. INTRODUCTION 

Velocity distribution is one of the important parameters in open channel. In meandering 
channel or sinuous channel the flow of water is in the curved path, the velocity changed its 
direction at the crossover section. Velocity is maximum at the curved section e.g. bend apex 
sections and crossover, in between these section velocity is less compared to bend apex and 
crossover. the velocity distribution in a channel is improper the velocity at the boundary surface 
as compared to the away from the boundary surface is less,  due to this velocity distribution 
when we have apply the continuity, momentum and energy equation for the each layers for the 
fluid it gives different results as compared to the result comes out from the average velocity of 
the cross section, for the study by the term of average velocity a correction factor is required 
to multiply with the velocity head, so these correction factors are used in energy and momentum 
equation is called as the kinetic energy correction  coefficient α and momentum correction 
coefficient β in this paper we studied about the variation in velocity at different sections as well 
as variation in α and β for a channel at different- different cross sections. 

Milikan (1939) was the first researcher to prove the existence of logarithmic velocity 
profile to the overlapping region of a turbulent shear flow over a smooth boundary. Steerer 
(1942) derived the expression for α and β from ƒ-dependent logarithmic velocity profile for 
circular pipes. Chow (1959) and Obrazovskiy (Golubtsov, 1976) used a non-dimensional 
parameter (i.e. the ratio of maximum surface velocity to the cross-sectional average velocity) 
to derive the theoretical expression for α and β from the logarithmic velocity profile for flow 
in wide channels. Strauss (1967) stated that the energy and momentum correction coefficients 
are function of velocity profile over a depth and the cross-sectional shape parameterized with 
length, bottom width and slope. 

Chow (1958) summarized the different equations for the determination of α and β for 
different flow variations. Rehbock (1922) assumed linear and logarithmic velocity profile and 
gives the theoretical expression for α and β for both types of velocity distribution.  
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Hinze (1959) illustrated that the power law for a large fraction of boundary layer cross-section 
can approximate the logarithmic velocity distribution. Further, Chen (1991) developed the 
various empirical formulae for power law with different exponents and stated that the power 
law is applicable for the stream wise time mean velocity distribution in turbulent shear flows, 
whereas the logarithmic law is accepted for its soundness and universal validity. Derivation for 
α and β are also based on the power law as illustrated by Benedict (1980) and Fox and Mc-
Donald (1985). 

Al-Khatib (1998) studied that, each streamline passing through a channel section has a 
different velocity head due to the non-uniform velocity distribution. Hence, the velocity head 
of an open channel flow is generally greater than the value computed by using the average 
velocity. 

Seckin (2009) gives the relation between α and β experimentally in rectangular open 
channel, and Kubrak (2015) find out the values for experimental approach for the regular 
channel with stiff and flexible stiff and submerged vegetation. 

Ardichoglu (2013) studied that energy and momentum, correction coefficient for 
subcritical uniform flow condition. The channel section was devided into different slices and 
the coefficients along with the discharge was calculated according to the slice number. The 
point velocities of the section were measured using ADV. 

Parsaie (2016) studied the momentum and energy coefficient distribution in compound 
open channel. The specific energy curve and the stage discharge was also evaluated. It was 
deducted that the compound section of an open channel, has significant effect on α	and	β. 

The momentum (Boussinesq) coefficient, β and the kinetic energy (Coriolis) coefficient 
α are also called velocity coefficients. These coefficients must be evaluated accurately by using 
the cross-sectional averaged equation of momentum and energy in one-dimensional 
computation or depth averaged equation of momentum and energy in two dimensional flow 
computation. Theoretical expression for α and β can be derived only for unidirectional flow 
such as steady uniform flow in circular pipes flowing full or in wide open channels. 

2. THEORETICAL CONSIDERATION 

Velocity is the most important parameter in entire open channel study nature of flow and 
characteristics of flow is defined by the velocity in any type of study in open channel as well 
as the pipe flow velocity is the key parameter and also calculation of velocity is important. 

In open channel flow generally be are considered the logarithmic velocity profile, due 
to turbulence nature flow of the fluid in an open stream. Hydraulic energy grade line or total 
energy line or total energy of fluid flow through the streamline per unit weight is defined as 
the sum of the pressure energy, kinetic energy and potential energy in the form of head is 
defined as pressure head, velocity head, and datum head. Due to non-uniformity of the velocity 
distribution each stream line passing through the channel cross section has a different velocity 
head, Due to non-uniformity of velocity distribution of velocity, velocity head is always greater 

than the mean velocity than actual velocity head is computed as the  where α, v, and g is 

known as the kinetic energy correction or Coriolis coefficient, mean velocity of channel cross 
section and the gravitational acceleration 

The equations are used to compute the average velocity of a cross section, depth average 
velocity in a vertical line and kinetic energy correction coefficient α and momentum correction 
coefficient β. 

2.1 Average velocity 

A mean velocity V for the entire cross-section is defined on the basis of the longitudinal 
component of the velocity v as 
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Average velocity (V) = .         (1) 

2.2 Depth average velocity 

The velocity calculation is taking by the velocity contour map in which we are use the map of 
isovels lines in a cross section to find out the average velocity and also sometimes we take the 
depth average velocity of logarithmic velocity or power law velocity distribution in 
theoretically we take the average of velocity at a distance 0.2H and 0.8H as the depth average 
velocity. 

Depth average velocity ( ) =	 . .
       (2) 

Where 0.2 H is the distance taken of velocity of a surface from the free water surface 
and 0.8H as the distance of velocity of the surface from the free water surface. 

2.3 Kinetic energy coefficient and momentum correction coefficient 

The flux of the kinetic energy flowing past a section can also be expressed in terms V. But in 
the case a correction factor α be needed as the kinetic energy per unit weight 2⁄  will not 
be the same as  2⁄  averaged over the cross sectional area , so an expression of α can be 
expressed as, 

Kinetic energy coefficient (α) =  
.

 =	
∑ ∆

.
      (3) 

where, v is the point velocity,V is the cross-sectional mean velocity, dA is the elemental 
area in the velocity contour and A is the total cross-sectional area of the channel. 

Similarly, the flux of momentum at a section is also expressed in terms of V and a 
correction factor β can be represented as 

Momentum correction coefficient (β) = 	 .

.
 =  

∑ ∆

.
     (4) 

According to these equations β< . 

3. EXPERIMENTAL SETUP 

Experiment were conducted on a channel was built in a large tilting flume of 4m wide and 15m 
long. The flume has an arrangement of hydraulic jacks to produce different bed slopes on 
tilting. This total arrangement is made available at the Fluid Mechanics and Hydraulics 
Laboratory of NIT, Rourkela. A meandering channel has been built within the tilting flume 
with Perspex sheets to carry out the experimentations. The Perspex sheets are of 6mm to 10mm 
thick. The meandering channel is constructed having a bank full depth of 0.065m with a bottom 
width of 0.33m and 1:1 side slopes. Fig. 1 illustrate the schematic view of the channel setup. 
The main channel is a sinuous channel, similar to a sine curve of one and half wave length. The 
total wavelength being λ = 2.162m which is preceded and followed by a bell mouth section for 
proper flow field development at the experimental which is from the second bend apex to the 
next bend apex of the central curve.  

Water into the channel is circulated from an underground sump to an overhead tank 
with the help of centrifugal pumps. Overhead tank is helpful in maintaining a constant head of 
water, where the excess water is allowed to flow back into the sump. 

Water comes into the flume from the overhead tank through adjustable pipes which can 
be used to maintain a desired quantity of discharge. This water falling into the flume is first 
held in a stilling tank. Then it is directed through an adjustable vertical gate into a series of 
baffle wall suitable ahead of the rectangular notch. These arrangements are done to reduce the 
turbulence of the incoming water. Water from the notch falls over a wire mesh placed just 
below the notch, to further steady the flow. Water then flows into the main channel through a 
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smooth bell mouth transition section so as to achieve a more steady flow in the channel. The 
flow attains a Quasi-Uniform flow. 

To study the flow patterns and characteristics of meandering rivers, a highly sinuous 
channel is constructed and the different velocities are measured for the entire meander path. 
The study helps to analysis the movement of rivers in natural meanders 

 
Fig. 1: Schematic Diagram of Experimental Meandering Channels with Setup 

 

  
Fig. 2: Meandering channel   Fig. 3: Meandering path 

 

 
Fig. 4: Planner geometry of meandering path 
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Fig. 5: Grid Arrangement of Points for Velocity Measurement across a Channel Section 
 
A discharge of 6.233x10-3 m3/s is maintained for the experimentation. Pitot tubes are 

utilized for the measurement of velocity. Five Pitot tube arrangements are used for 
measurement of the pressure difference at every predefined point on the channel cross-section 
throughout the meander path. The Pitot tubes have an external diameter of 4.7mm. The Pitot 
tubes are attached to individual manometers placed on a vertical board. The vertical board has 
a spirit level to keep the manometers in vertical level. The connections between the Pitot tubes 
and the manometer are made by long transparent PVC tubes of small diameters. Extra care is 
taken to drive out any air bubbles inside the tubes.  

Pitot tubes are placed against the direction of flow perpendicular to it. The pressure 
difference at every pre-defined grid of the channel section along the meander path is achieved. 
The point form velocity is measured by v= 2  , where g is the acceleration due to gravity and 
h is the pressure difference. Here the tube coefficient is taken as unit and the error due to 
turbulence considered negligible while measuring velocity.  

The velocity data are taken at the bed (0.2385cm from bed) and then moved up by 0.4H, 
0.6H and 0.8H and 0.99H from the bed. Here H is the average flow depth of water at every 
corresponding section along the meander path. While representation of vertical velocity profile, 
the velocity value at the surface is assumed to be zero considering the no slip condition. 

  

Fig. 6: Pitot tube arrangement  Fig. 7: Manometer arrangement 
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4. RESULTS AND DISCUSSION 

4.1. Velocity Contour 

A discharge 6.233x10‐3 m3/s of was maintained and the variation of velocity contour was studied 
for the thirteen sections along the meander path .Figure 8 demonstrates the velocity contour 
where section A and M are bend apex while G is the cross-over section Each bend apex section 
and the cross-over have five intermediate section between them. 

The bend apex section minimum velocity 40 cm/s and the maximum velocity being 105 
cm/s, developed along the inner bank of the meandering channel. The cross-over section has 
the maximum velocity of 145 cm/s around the central region of the cross-section much similar 
to what is more or less observed in straight channel. 

The minimum velocity in the contour is for section A is30 cm/s and the maximum 
velocity is 140 cm/s , similarly to the section F these values are 40 cm/s, 185 cm/s, 5 cm/s, 130 
cm/s, 40 cm/s, 135 cm/s, 45 cm/s, 130 cm/s. 
 

 
 

Fig. 8: Velocity Contour for Different Sections 
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4.2. Depth-Averaged Velocity 

 
Fig. 9: Depth average velocity distribution 

Figure 9 illustrates the depth averaged velocity distribution. The velocity at 0.4 H depth of flow 
is assumed to postulate the average velocity for the section. The maximum velocity at the bend 
apex is observed to occur at the inner curve. The higher velocity at the inner curve then 
gradually travels towards the central zone of the crossover section. The velocity distribution 
across the crossover is much similar to that of a straight channel. The crossover is the point of 
inflection where the meandering channel changes its direction, hence the flow profile is also 
observed to continue in a parallel pattern. The highest velocity moves towards the left side (i.e. 
the inner curve) after the crossover section. 

The maximum depth averaged velocity is observed to occur at the crossover with a 
value of around 130 cm/s .The velocity distribution is observed to be a mirror image each other 
on either side of the crossover section. 

From the velocity contour from section A to section M, the velocity at the outer wall of 
meandering channel is less than the velocity as compared to inner wall. 

4.3. Kinetic Energy (α) and Momentum (β) Correction Coefficient 

From the experimental values of velocity, plots of velocity contour graphs for each section are 
analyzed and the values of α and β are evaluated. The maximum value of α is 1.7095 at the 
crossover section, G. From sections A to D, there is an increase of α at section B, which then 
gradually decreases unto D. The variation of the correction coefficient is almost negligible for 
sections D to F and the corresponding sections H to J. There is an abrupt increase of the value 
of the coefficient at the crossover from its adjoining sections. Such an observation might be 
due to the change in flow direction of the channel at this particular section. The highest depth 
averaged velocity is also found to occur at this section. 

Similar trend is observed for the Momentum correction coefficient, with a value of 1.27 
at the crossover. The maximum value of α and β is observed at the crossover with the minimum 
values at the bend apex. The change in water depth is analyzed to affect α more, as compared 
to β. 
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Fig. 10: Variation of Kinetic Energy and Momentum correction coefficients 

 

 
Fig. 11: Contour plots for the Correction Coefficients 

5. CONCLUSIONS 

The following conclusions is made from the experimental study; 
i. Maximum velocity is observed at the inner bank of a meandering section. 

ii. Highest depth averaged velocity is observed to occur at the central region of the 
crossover. 

iii. The depth of flow in a meandering channel is directly proportional to the value of α and 
β, i.e. the coefficient increase with the increase in depth of flow. 

iv. There is a gradual change in the values of α and β, with a sudden increase only at the 
crossover section and the section adjacent to the bend apex. 

v. The lowest values of α and β occur at the bend apexes, while the highest value occurs 
at the crossover section. 

vi. The value of α is in the rage of 1.45 to 1.71 along the meander path whereas in the case 
of β it is 1.189 to 1.275. 
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