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ABSTRACT 

Meander in channel is very common in nature.  A series of regular sinuous curves, loops, bends, windings or 
turns in the river channel or stream or other watercourse form meander. In this study a meander river, known 
as Atai is considered for morphological modeling by numerical analysis. This meander river is situated in 
Khulna division of Bangladesh whose upstream is taken at 22°58'59.75"N, 89°33'34.81"E and downstream is 
considered at 22°50'52.05"N, 89°33'33.09"E. In this study K-ε turbulent model and secondary current is 
considered for modeling complex flow pattern. Both high and ebb-tide condition is simulated under fixed 
discharge condition. From the simulated result it is found that velocity higher in the deeper part of the channel 
section, especially middle of the channel section. Also most of time flow is sub-critical along the channel 
section. This study is convenient for monitoring siltation process to keep the river navigable.  
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1. INTRODUCTION 

The Atai River flows through southwestern part of Bangladesh as upstream of Rupsha River and a distributary 
of the Ganges. Rupsha is one of the most famous rivers of Bangladesh. It forms from the confluence of the 
Bhairab and Atai rivers (Figure 1), and flows into the Pasur River. Its entire length is affected by tides. It flows 
by the side of Khulna, and connects to the Bay of Bengal through Pashur River at Mongla channel. Near Chalna, 
it changes its name to Pasur River and flows into the Bay of Bengal. Atai River is important because it is the 
only gateway of Rupsha River toward upstream as Bhairab river losses its navigability after few mile toward 
upstream. So, analyzing of flow nature in the Atai River meander is very important. 

 

Figure 1: Position of Atai River with other river and canal 

Numerous amount of laboratory experiment is performed to understand the channel bend flow and bank erosion 
of the river. Knighton (1984) states that the morphology of natural river channels is determined by the 
interaction of fluid flow, sediment transport, bank erosion, and bed morphology. Multifaceted mechanism 
analysis of patterning processes with various control factors has fascinated researchers and river engineers for 
last decades, and with rapid development of numerical methods in fluid mechanics, computational model has 
become an important tool for studying the development of channel patterns. According to Mosselman (1998), 
common class of high-resolution models of river morphology is two-dimensional (2D) in the horizontal plane. 
To simulate the bend expansion and lateral migration of alluvial channels, a 2D numerical model must account 
for bend flow effects and river bank erosion processes. Several researchers (e.g., Einstein and Shen, 1964; 
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Engelund, 1974; Bathurst et al., 1979; De Vriend, 1977; Odgaard, 1981; Kalkwijk and Vriend, 1980) work on 
helical flow and forces on sediment grains on a diagonally sloping bed, resulted in 2D numerical models. River 
bank failures are modes of morphological evolution in addition to bed level and bed sediment composition 
changes. Physical principles have become a major concern over the past decades. Researchers like Ikeda et al. 
(1981); Johannesson and Parker (1989); Zolezzi and Seminara (2001); Crosato (2008) developed meander 
models based on linearized physics-based equations. On the other hand, other researchers such as Osman and 
Thorne (1988); Mosselman (1998); Darby et al. (2002); Duan (2005) developed 2D non-linear physics-based 
morphological models with erodible banks. Their aim was to establish the simulation of the channel planform 
evolution. Some researchers have suggested using 2D numerical models to study the cause-and-effect 
relationship between river patterns and various control variables, based on advances in numerical modeling and 
fundamental study on the physical mechanisms of river passage development. Also Duan (2005); Duan and 
Julien (2010); Hyungsuk et al. (2011) worked on meandering rivers and others as Nicholas and Smith (1999); 
Xia et al. (2003); Schuurman et al. (2013) paid their attention on braided channels. All of their aim was to 
simulate these types of natural phenomena in idealized experimental conditions with detailed data of river 
characteristics. 

2. METHODOLOGY  

2.1 Source of data 

Total 18 numbers of cross-sections is considered for river Atai. The cross-section data is collected from 
Bangladesh Water Development Board archive. This cross-section data is measured in year 2015. Echo 
sounding system is used to measure theriver depth. Discharge data is collected from Mongla port authority. 

2.2 Tools and software 

Nays2DH is a solver of iRIC software used for modeling meandering of river. Nays2DH is a computational 
model for simulating horizontal two-dimensional (2D) flow, sediment transport, morphological changes of bed 
and banks in rivers. Here iRIC 2.3 version software is used. iRIC (International River Interface Cooperative) is a 
river flow and riverbed variation analysis software package which combines the functionality of MD_SWMS, 
developed by the USGS (U.S. Geological Survey) and RIC-Nays, developed by the Foundation of Hokkaido 
River Disaster Prevention Research Center. The amalgamation of these pieces of software was proposed by 
Professor Yasuyuki Shimizu (Hokkaido University) and Dr. Jon Nelson (USGS), bringing together the 
accumulated analysis technology and software developments of MD_SWMS and RIC-Nays. iRIC software is 
used by Harsanto, (2015) to develop a numerical model of Morphology of Downstream of Progo River during 
2010 Post Eruption of Mount Merapi. Also Kang et al. (2018) use this software to study the effect of vegetation 
growth and flood discharge on responses of bed morphology at a sharp river bend. 

2.3 Calculation technique 

For creating river geometry from cross-section data, under given calculation and discharge condition, a *.riv is 
created. The River Survey File (*.riv) contains transverse data (x and y coordinates of left/right banks) and 
cross-section data (distance from left bank and riverbed elevation). *.riv should be ASCII files. 

Created geometry is discretized to 6461 numbers of grids, where 497 numbers along length of river and 13 
numbers along transverse direction. 6000 m3/s discharge is considered both for high-tide and ebb-tide condition. 
Value of this discharge is adopted from a rating curve, created by Mongla Port Authority. Manning's Roughness 
Coefficient is considered as 0.025.  

2.4 Governing equation 

Here, all the equations stated below are adopted from the user manual of iRIC (2.3 version) software’s solver 
Nays2DH.  
Continuity equation 
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Momentum equations in x and y-directions 
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where h  is water depth, t is time, u and v are depth-averaged velocities in x- and y-directions, g  is 

gravitational acceleration, H is total water depth, x and y are the components of the shear stress of river bed 

in x and y-directions, xF and yF are components of drag force by vegetation in the x and y-direction, fC is the 

drag coefficient of the bed shear stress, tv  is eddy viscosity coefficient, DC is drag coefficient of vegetation, as 

is the area of interception by vegetation per unit volume, and vh is minimum value of water depth and height of 

vegetation. 
Turbulence model by depth-averaged 𝑘-𝜀 model 
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where C  is a model constant. k and  are obtained by the following equations: 
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Table 1: Model constants 

C
 1C  2C  k    

0.09 1.44 1.92 1.0 1.3 

where 1C , 2C , k  and   are model constants. Their respective values are shown in Table 1. 

hP , kvP and vP  are calculated by the following equations: 
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In Equation 4 and 5, bed shear forces x and y are expressed by using coefficient of bed shear force fC . The 

coefficient of bed shear force fC  is estimated by Manning's roughness parameter mn  as follows: 
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The area of interception by vegetation per unit volume sa  is calculated by the following equation:  
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where sn  is the number of vegetation, sD  is the average diameter of trunks and sS  is the sampling grid width. 

Evaluation of secondary flows can be determined by setting the strength of it. The following equation is used for 
calculating the near-bed velocity under the effect of such secondary flow: 
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Where n
bu~  is near-bed velocity in transverse direction, sr  is curvature radius of the streamline and *N  is a 

constant (=7 by Engelund, 1974) 

3. RESULT AND DISCUSSION 

From Figure 2, it is clear that velocity is higher at the middle of the cross-section, where depth is higher. 
Because in this depth averaged 2D model effect of secondary flow and bed resistance, which are mainly 
responsible for velocity drop, decreases where depth is higher. But near the bank where depth is lower, effect of 
these variables on flow velocity is observed significantly and velocity drops in these reasons near the bank (Hey 
& Thorne, 1975). It is also seen that during high-tide flow is sub-critical, because Froude number is less than 1. 
Froude number ranges from 0.408 to 0.136 in most of the channel length. 

 
Figure 2: Elevation, Water Surface Elevation, Velocity, Froude Number contour of during high-tide (Flow from 

South to North) 
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Figure 3: Elevation, Water Surface Elevation, Velocity, Froude Number along the length of Atai River at left 

bank during high-tide 

 
Figure 4: Elevation, Water Surface Elevation, Velocity, Froude Number along the length of Atai River at 

middle during high-tide 

 
Figure 5: Elevation, Water Surface Elevation, Velocity, Froude Number along the length of Atai River at right 

bank during high-tide 

Figure 3, shows the graphical representation of four parameters (Elevation, Water Surface Elevation, Velocity, 
Froude Number) along the river length. Numbers of grids is created for the simulation are, i x j = 497 x 13 = 
6461, where along river cross-section 13 numbers of grids is taken. Change of the variables along the length of 
the section is represented graphically in each grid across the river cross-section.  From Figure 3, 4 and 5 it is 
clear that velocity is higher in the middle of the section, where channel depth is higher as observed in Figure 2 
previously. It is observed that through the channel, velocity is higher where depth is higher and drops where 
depth decreases. It is also observed that velocity magnitude is low but fluctuates frequently at both left bank 
(Figure 3) and right bank (Figure 5) where depth is lowest along the river length. Reasons of this phenomenon 
are strong secondary current and channel bed friction as these two variables are strong enough near the channel 
boundary and in lowest depth region. Secondary current forms separation zone and eddy near the bank 
responsible for velocity drop (Weber et. al., 2001). In case of Froude Number, also fluctuate frequently near the 
two banks but almost remains same at the middle of the channel (Figure 4). In the middle and both banks flow is 
sub-critical. One of the key reasons is climbing of water from downstream to upstream against gravitational 
force during high-tide, so flow is very smooth and laminar in nature. 

From Figure 9, same results are observed during simulation of ebb-tide condition, as compared with high-tide 
condition. Whatever in this case water flows under the influence of gravity but still the flow velocity magnitude 
is almost same as high-tide. The key factor is less steep bed slope. In a river network upstream is always steeper 
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than downstream. Atai River is situated far southern part of Bangladesh nears the Bay of Bengal. Here, bed 
slope is almost flat (Average 0.5% to -0.5% slope along the length of the river, from Google Earth) as compared 
to the northern part. So flow energy and momentum created from far north, loss its efficiency due to bed friction 
during long conveyance and less steep slope at south. Figure 6, 7 and 8 shows the flow nature near the left bank, 
middle of the river and right bank respectively, which show almost same result as compared with high-tide 
condition 

Figure 10 shows the velocity distribution and particle movement, across the river section along its length. It is 
very easy to realize that particle movement is far more higher in middle of the section where velocity magnitude 
and depth is higher. It is a risky business, because if the longitudinal velocity is less than particle fall velocity, 
then siltation process starts (Chow, 1959). This phenomenon reduces the reservoir capacity and navigability of 
the river. 

 
Figure 6: Elevation, Water Surface Elevation, Velocity, Froude Number along the length of Atai River at left 

bank during ebb-tide 

 
Figure 7: Elevation, Water Surface Elevation, Velocity, Froude Number along the length of Atai River at middle 

during ebb-tide 

 
Figure 8: Elevation, Water Surface Elevation, Velocity, Froude Number along the length of Atai River at right 

bank during ebb-tide 
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Figure 9: Elevation, Water Surface Elevation, 
Velocity, Froude Number contour of during ebb-tide 
(Flow from North to South) 

Figure 10: Velocity distribution across the river cross-
section and particle movement during high-tide (left) 
and ebb-tide (right) 

4. CONCLUSION 

From above analysis, following decision can be made precisely: 

 The velocity magnitude is fluctuated frequently near the bank of the river. 
 Velocity magnitude is higher at the outer curve of the river bend, which is very common in trapezoidal 

shape cross section. 
 At the middle of the channel section and position where channel depth is higher, velocity magnitude is 

also higher. It happens because, at the middle of the channel, factors which affect the primary flow are 
less effective. These factors may be secondary flow, bed resistance or transverse shear stress etc. 

 In all the cases flow is subcritical because always Froude number is less than one. 
 Near the bank of the river, value of Froude number is so high that the flow tends to be critical. 
 Particle movement is found higher at the position, where channel depth is higher. This means position 

of higher of depth, is less likely to be silted. 
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