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Depth-Averaged Velocity Distribution in a Meandering Compound Channel using 
Calibrating Coefficients 

Abstract 

In this paper, a new method for predicting lateral depth-averaged velocity distribution in a 
meandering compound channel is proposed. Experiments were conducted in Hydraulic 
Laboratory in National Institute of Technology Rourkela, Odisha, India to study the boundary 
shear stress in the bend apex. The meander cross-section is divided into several panels to study 
the flow phenomena on both the main channel and floodplain. It can be inferred from the study 
that the secondary flow coefficient (K) is significantly affected by the boundary shear stress. 
The new model provides the lateral distribution of depth-averaged velocity,𝑈𝑈𝑑𝑑 for the 
meandering compound channel which includes the bed-generated friction, lateral shear 
turbulence and secondary flows. 
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Introduction:  
Rivers are the backbone of human civilisation as well as one of the most important components 
of nature. The river plays an important role in every living being in its way. 0Furthermore, 
man-made channels are of great importance from the early days as these are of great worth in 
producing power for different industries. The river curves commonly known as meanders are 
so ubiquitous; as river tries to flow in the way having least flow resistance and eventually, 
meandering occurs. In meandering rivers, erosion of sediment from the outer curve of each 
meander bend and deposition on an inner curve further at downstream takes place. This causes 
individual meanders to grow larger and larger over time. Meandering rivers are asymmetrical. 
The deepest part of the channel is on the outer curve of each bend. The water flows faster in 
these deeper sections and erodes material from the river bank. The water flows more slowly in 
the shallow areas near the inside of each bend. The slower water can't carry as much sediment 
and deposits its load on a series of point bars. Natural alluvial rivers commonly exhibit a curved 
main river channel and one or two corresponding floodplains. There is one significant hazard 
associated with human settlement on the floodplains adjacent to rivers is the risk of flooding. 
The occurrence of river flood can have serious consequences on human life and property. When 
a flood occurs, the flow depth in the river increases resulting in the submergence of the main 
channel. To convey this excess water, floodplain flow takes place in a meandering channel. 
The flow process in a meandering compound channel is much more complicated than in case 
of a straight or skewed channel.  

A refined method, based on a depth-averaged form of the streamwise Reynolds averaged 
Navier–Stokes (RANS) equations, was proposed by Shiono, K., Knight, (1991). This method 
was capable of accurately predicting the conveyance capacity of rivers with the overbank flow 
and also giving the lateral distributions of velocity and bed shear stress across the channel.  The 
Shiono and Knight method (SKM) provides an analytical solution for the lateral distributions 
of depth-averaged velocity and bed shear stress. The SKM is based on three hydraulic 
parameters, which signify the bed friction factor (f), lateral eddy viscosity (λ), and depth-
averaged secondary flow (K). While applying the SKM, the channel is divided into some test 
panels, and then the equations are used to each panel. Considering the boundary conditions 
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between the panels, the equations are solved, for the depth-averaged velocity and local 
boundary shear stress calculated at various sections along the cross-section. 
 
The calibration of secondary flow coefficient K to account for secondary flow effects correctly 
is still somewhat difficult. Abril and Knight (2004) proposed an approach, which considered 
fixed values of K for the main channel and floodplain. Devi and Khatua (2017)developed some 
equations that relate the variation of the secondary flow coefficients with the relative depth (β) 
and width ratio (α). Alawadi et al. (2018) suggested that the approach proposed by Devi and 
Khatua (2017) is more reliable compared to the approach given by Abril and Knight (2004).  
 
 
Theoretical Background:   
The Shiono Knight Method is an essential tool for finding out the lateral variations in depth-
averaged velocity. The Shiono Knight Method is based on depth-averaged quasi 2D Reynold’s 
averaged Navier Stokes equation (RANS).  
 
According to Shiono and Knight, the analytical solution for finding depth-averaged velocity 
differs between constant bed region and side slope region. For constant depth region, the 
analytical solution for Ud  is 
 
𝑈𝑈𝑑𝑑 = [𝐴𝐴1𝑒𝑒𝛾𝛾1𝑦𝑦 + 𝐴𝐴2𝑒𝑒𝛾𝛾2𝑦𝑦 + 𝑘𝑘]
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Fig 1: Trapezoidal section 

 
For side slope region, the analytical solution for 𝑈𝑈𝑑𝑑 is, 
𝑈𝑈𝑑𝑑 = (𝐴𝐴3𝜉𝜉𝛼𝛼 + 𝐴𝐴4𝜉𝜉−(𝛼𝛼+1) + 𝜔𝜔𝜉𝜉 + 𝜂𝜂)
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𝐴𝐴1, 𝐴𝐴2, 𝐴𝐴3, 𝐴𝐴4 are the unknown coefficients which can be determined by applying proper 
boundary conditions. 
To apply the Shiono Knight method, the channel cross-section is divided into a number of 
representative panels, and then the equations are used to each panel. Considering the boundary 
conditions between the panels, the equations are solved, and the depth-averaged velocity and 
local boundary shear stress are calculated at various sections along the cross-section. 
 
Calibrating Coefficients: 
To apply this model the calibrating coefficients, which are bed friction factor (f), dimensional 
eddy viscosity (𝜆𝜆) and secondary flow coefficient (K) has to be found out accurately. The 
process by which we can determine these coefficients are as follows 
 
Bed Friction Factor (f): The bed friction factor or Darcy Weisbach friction factor (f) can be 
found out by back-calculating from the equation the equation 𝑓𝑓 = 8𝜏𝜏𝑏𝑏

𝑈𝑈𝑑𝑑
2  knowing the mean depth 

averaged velocity and boundary shear stress in each panel. But as there is no experimental data 
available so we cannot get the depth averaged velocity term to use this particular equation. So, 
the equation 𝑓𝑓 = 8𝑔𝑔𝑛𝑛2

𝑅𝑅
1
3

 as proposed by Huai et al. (2008) is used to find out the bed friction 

factor. 
 
 
Dimensionless Eddy Viscosity (𝜆𝜆): Shiono, K., Knight (1991) proposed that in a straight 
compound channel 𝜆𝜆 changes slightly in the main channel and the change is significant in the 
floodplain. Later Abril & Knight, (2004) proposed an equation 𝜆𝜆 = 𝜆𝜆𝑚𝑚𝑚𝑚(1.2𝐷𝐷𝑟𝑟−1.44 − 0.2) to 
determine the dimensional eddy viscosity, but this equation does not give satisfactory results 
in meandering compound channels. So it is best to calibrate from the measured velocity data. 
Without the experimental data some fixed values of 𝜆𝜆 are assumed. Abril and Knight (2004) 
proposed a fixed value of 𝜆𝜆1 = 0.07  for the main channel. For side slope domain 𝜆𝜆2 is 
considered as 𝜆𝜆1𝐷𝐷𝑟𝑟0.4 which is equal to 0.03 while for floodplain 𝜆𝜆 is taken as 𝜆𝜆2 𝐷𝐷𝑟𝑟1.5⁄  (𝐷𝐷𝑟𝑟is 
relative depth) which is equal to 0.7. 
 
Secondary Flow Coefficient (K): Secondary flow coefficient (K) is a difficult parameter to 
determine. Omran (2008) has mentioned two empirical formulas for determining K in both 
main channel and floodplain. Those formulas are based on relative depth 𝐷𝐷𝑟𝑟 = 𝑔𝑔−ℎ

𝑔𝑔
 and (B/b) 

ratio. Although the formulae given by Omran (2008) becomes ineffective when it comes to 
meandering compound channels. Devi and Khatua, (2017) proposed a much reliable method 



to find out the secondary flow coefficient (K) which can be found out using the boundary shear 
stress data by the following equations 
 
 
For the main channel, 
𝑘𝑘𝑚𝑚𝑚𝑚 = (𝜏𝜏𝑏𝑏𝑏𝑏𝑏𝑏)𝑎𝑎𝑎𝑎𝑎𝑎

𝜌𝜌𝑔𝑔𝑔𝑔𝑆𝑆0
                                                                                                                      (3) 

For floodplain, 
𝑘𝑘𝑓𝑓𝑓𝑓 = (𝜏𝜏𝑏𝑏𝑏𝑏𝑏𝑏)𝑎𝑎𝑎𝑎𝑎𝑎

𝜌𝜌𝑔𝑔(𝑔𝑔−ℎ)𝑆𝑆0
                                                                                                                     (4) 

where, (τbmc)avg and (τbfp)avg are the averaged boundary shear stress in the main channel and 
floodplains respectively. 
 
Now, the expressions for finding out secondary coefficients are  
 
𝐾𝐾𝑚𝑚𝑚𝑚 = 𝜌𝜌𝑔𝑔𝐻𝐻𝑆𝑆0(1 − 𝑘𝑘𝑚𝑚𝑚𝑚)                                                                                                       (5) 

 
𝐾𝐾𝑓𝑓𝑓𝑓 = 𝜌𝜌𝑔𝑔(𝐻𝐻 − ℎ)𝑆𝑆0(1− 𝑘𝑘𝑓𝑓𝑓𝑓)                                                                                              (6) 

Experimental Setup:  
Experiments were conducted in a trapezoidal meandering channel having a sinuosity 1.22 in 
Hydraulic Engineering Laboratory, National Institute of Technology, Rourkela, India to find 
out the boundary shear stress. The channel has a side slope of 1:1, bottom width of 0.33 while 
the bank-full depth being 0.125m with a valley slope of 0.00165. The photographs and the plan 
view of the channel is shown as follows 
      

              
 

Fig 2: Experimental flume in Hydraulic Engineering Laboratory, NIT, Rourkela 
 
 

 
 

Fig 3: Plan view of the flume in Hydraulic Engineering Laboratory, NIT, Rourkela 



In the experimental setup, both the main channel and the floodplain are smooth (i.e. Perspex 
sheet of n=0.01). 
 
Measurement of Boundary Shear Stress: 
Preston, (1954) developed a technique for measuring local shear stress on smooth boundaries 
using a Pitot tube in contact with the surface. The method given by Preston was based on the 
assumption of an inner law, which relates the boundary shear stress to the velocity distribution 
near the wall. Preston presented a non-dimensional relationship between the Preston tube 
differential pressure ΔP, and the boundary shear stress, τ, of the form: 
 
 𝜏𝜏𝑑𝑑

2

4𝜌𝜌𝜈𝜈2
= 𝐹𝐹(𝛥𝛥𝛥𝛥𝑑𝑑

2

4𝜌𝜌𝜈𝜈2
)                         (7) 

where d is the outer diameter of the Preston tube, ρ is the flow density, υ is the kinematic 
viscosity of the fluid, and F is an empirical function. 
 
Patel, (1965) gave two non-dimensional parameters which can relate the pressure difference 
directly with the boundary shear stress 
𝑥𝑥∗ = 𝑙𝑙𝑙𝑙𝑔𝑔10( 𝛥𝛥𝛥𝛥𝑑𝑑

2

4𝜌𝜌𝜈𝜈2
)  and  𝑦𝑦∗ = 𝑙𝑙𝑙𝑙𝑔𝑔10( 𝜏𝜏𝑑𝑑2

4𝜌𝜌𝜈𝜈2
)                                                                            (8) 

 
After finding out the values of  𝑥𝑥∗, the 𝑦𝑦∗ values can be found out with the help of these 
following expressions 
 
for   𝑦𝑦∗ < 1.5                    𝑦𝑦∗ = 0.5𝑥𝑥∗ + 0.037                                                                   (9) 

for  1.5 < 𝑦𝑦∗ < 3.5          𝑦𝑦∗ = 0.8287 − 0.1381𝑥𝑥∗ + 0.1437𝑥𝑥∗2 − 0.006𝑥𝑥∗3                (10)  

for   3.5 < 𝑦𝑦∗ < 5.3         𝑥𝑥∗ = 𝑦𝑦∗ + 2 𝑙𝑙𝑙𝑙𝑔𝑔10(1.95𝑦𝑦∗ + 4.10)                                           (11) 

The pressure readings are taken using pitot tubes along the points, which are already 
predefined. The manometer which is attached to the pitot tube provides the head difference 
between the dynamic and static pressures. After that, the differential pressure can be calculated 
from the readings on the vertical manometer by, ΔP = ρgΔh. Where Δh is the head difference 
between the two readings from the dynamic and static pressure, g is the acceleration due to 
gravity and ρ is the density of water. 
 
Boundary Conditions: 
In the present study, only the bend apex section is considered. So, to determine the unknown 
constants, the following boundary conditions are applied on the edge of each panel shown in 
Fig 5. 
 

1. 𝑈𝑈𝑖𝑖2 = 𝑈𝑈𝑖𝑖+12      

2. 𝜕𝜕𝑈𝑈𝑖𝑖
2

𝜕𝜕𝑦𝑦
= 𝜕𝜕𝑈𝑈𝑖𝑖+1

2

𝜕𝜕𝑦𝑦
 

3. 𝑈𝑈𝑖𝑖 = 0 at the remote boundaries. 
where, 𝑈𝑈𝑖𝑖 and 𝑈𝑈𝑖𝑖+1 represents the depth averaged velocities in the 𝑖𝑖𝑡𝑡ℎ panel and (𝑖𝑖 + 1)𝑡𝑡ℎ panel 
respectively. 
 
 
 



Results and Discussions: 
The experiments were conducted in Hydraulic Engineering Laboratory, National Institute of 
Technology, Rourkela, India using the Preston tube technique at the bend apex. The boundary 
shear stress data, which are obtained from the experimentation, are compared with CES 
software, which is based on quasi-one-dimensional RANS (Reynold’s Averaged Navier-
Stokes) approach. and the results obtained are shown below. 
 
 

 
  

Fig 4: Comparison of boundary shear stress 
 
To apply the model, the channel cross-section is divided into a number of representative panels 
as shown  
 

 
 

Fig 5: Cross section of the flume at bend apex with the divided panels 
 

The depth-averaged velocity distribution obtained from SKM is compared with the same 
obtained from CES software shown in the Fig 6. 
 

 
 

Fig 6: Comparison of lateral depth-averaged velocity 
 

From Fig 6 it is seen that the profile that is obtained by SKM resembles to the practical case 
whereas the distribution plot given obtained by CES does not give better results which does 
not have a resemblance with the practical scenario. 
 
 



Conclusions:  
From the study, the following conclusions can be made, 

1. The analytical model gives the lateral distribution of depth-averaged velocity,𝑈𝑈𝑑𝑑 for 
meandering compound channel and includes the bed-generated friction, lateral shear 
turbulence and secondary flows. 

2. The variation of the model parameters was observed in the study. It is observed that the 
bed friction factor (f) values in the main channel bed were relatively less whereas it 
increases in the side slopes and floodplains. The secondary flow coefficient (K) was 
observed to be more in the main channel and relatively less in the floodplains.  

3. It is seen from the distribution plot of depth-averaged velocity that it gradually increases 
towards the edges and decreases finally just before the edge of the compound channel. 
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