


Editor-in-Chief
Dr. Jose Navarro Pedreño

University Miguel Hernández of Elche, Spain

Editorial Board Members

Peace Nwaerema, Nigeria
Fengtao Guo, China

Merja Helena Tölle, Germany
Aleksandar Djordje Valjarević, Serbia

Han Yue, China
Sanwei He, China

Christos Kastrisios, United States
Gengzhi Huang, China

Fei Li, China
Antonio E. Ughi, Venezuela

Vidwan Singh Soni, India
Meifang Chen, United States

Jianjian Zhao, China
Milan Kubiatko, Slovakia

Adeline NGIE, South Africa
Arumugam Jothibasu, India
Jose Albors-Garrigos, Spain

Shanthi Sabapathy, India
Zhenghong Chen, China

Zhixiang Fang, China
June Wang, Hong Kong

Ljubica Ivanović Bibić, Serbia
Luna Leoni, Italy

Rubén Camilo Lois-González, Spain
Antonio Messeni Petruzzelli, Italy

Jesús López-Rodríguez, Spain
Francesco Antonio Vespe, Italy

Keith Hollinshead, United Kingdom
Rudi Hartmann, United States

Mirko Andreja Borisov, Serbia
Ali Hosseini, Iran

Shashi Bhushan Choudhary, India
Kaiyong Wang, China

Virginia Alarcón Martínez, Spain
Bin Zhou, United States

Krystle Ontong, South Africa
Jesús M. González-Pérez, Spain

Pedro Robledo Ardila, Spain
Guobiao LI, China
Yan Tan, Australia

Federico R. León, Peru
Hongchu Yu, China

Eva Savina Malinverni, Italy
Pascal Mossay, United Kingdom

Ye Wei, China
Ruoniu (Vince) Wang, United States

Parulpreet Singh, India
Abdelaziz Nasr El-hoshoudy, Egypt

Jiafei Zhao, China
Alexander Standish, United Kingdom

Cristina Fernanda Alves Rodrigues, Portugal

María José Piñeira Mantiñan, Spain
Levent Yilmaz, Turkey
Damian Kasza, Poland
Thomas Marambanyika, Zimbabwe
Chiara Certomà, Italy
Christopher Robin Bryant, Canada
Qiang Zou, China
Naeema Mohamed Mohamed, United Arab Emirates
Ndidzulafhi Innocent Sinthumule, South Africa
Nwabueze Ikenna Igu, Nigeria
Shaojian Wang, China
Muhammad Asif, Pakistan
Nevin Özdemir, Turkey
Marwan Ghaleb Ghanem, Palestinian
Muhammad Imran, Pakistan
Liqiang Zhang, China
Bodo Tombari,Nigeria
Zhaowu Yu, China
Xin Guang Zhang, China
Manfred Ferdinand Buchroithner, Australia
S Bharath Bhushan, India
Lingyue LI, China   
John P. Tiefenbacher, United States
María De Andrés, Spain
Julien Grunfelder, Sweden
Mehmet Cetin,Turkey
Arnold Tulokhonov,Russian               
Basanta  Paudel,Nepal
Somaye Vaissi,Iran
Najat Qader Omar,IRAQ
Binod Dawadi,Nepal
Keshav Raj Dhakal,Nepal
Julius Oluranti Owoeye,Nigeria
Yuan Dong,China
Padam Jee Omar,India
Luciano Mescia, Italy
Carlos Teixeira, Canada
Mykola Myhailovych Tsependa, Ukraine
James Kurt Lein, Greece
Angel Paniagua Mazorra, Spain
Ola Johansson, United States
Zhihong Chen, United States
Naeema Mohamed Alhosani,UAE
John Manyimadin Kusimi,Ghana
Safieh Javadinejad Javadinejad,UK
Susan Ihuoma Ajiere,Nigeria
Xi Gong,China
Zhibao Wang,China
Kabi Prasad Pokhrel,Nepal
Samson Olaitan Olanrewaju,Nigeria



Dr. Jose Navarro Pedreño
Editor-in-Chief

Journal of
Geographical Research

Volume 3 Issue 1 ·  January 2020 · ISSN 2630-5070 (Online)



Discussion at Maximum Sediment Discharge Theory

Levent Yilmaz

Empirical Studies in Alluvial Streams

Levent Yilmaz

Sediment Distribution of the River Boundary Layer

Levent Yilmaz

Development of River Meander Model

Levent Yilmaz

Applications in New River-meander Model

Levent Yilmaz   

Volume 3 | Issue 1 |  January  2020 | Page 1-21
Journal of Geographical Research

Article

Contents

Copyright
Journal of Geographical Research is licensed under a Creative Commons-Non-Commercial 4.0 International Copyright 
(CC BY- NC4.0). Readers shall have the right to copy and distribute articles in this journal in any form in any medium, 
and may also modify, convert or create on the basis of articles. In sharing and using articles in this journal, the user must 
indicate the author and source, and mark the changes made in articles. Copyright © BILINGUAL PUBLISHING CO. All 
Rights Reserved.

1

6

9

14

18



1

Journal of Geographical Research | Volume 03 | Issue 01 | Special Issue | January 2020

Distributed under creative commons license 4.0 DOI: https://doi.org/10.30564/jgr.v3i1.1572

Journal of Geographical Research

https://ojs.bilpublishing.com/index.php/jgr

ARTICLE

Discussion at Maximum Sediment Discharge Theory  

Levent Yilmaz*  
Nisantasi University, 1453 Neocampus, Civil Engineering Department, Hydraulic Division, 80626, Maslak, Istanbul, 
Turkey 

ARTICLE INFO ABSTRACT

Article history
Received: 17 December 2019
Accepted: 8 January 2020
Published Online: 31 May 2020 

It is observed the gravel river sediment discharge with existing empirical 
regime relationships. The aim of the research is to give a mathematical 
model about the stable cross-section geometry and to determine a model 
for the stable slope of an alluvial channel which is in nature seldom stable. 
In an alluvial channel to reach an equilibrium condition, it changes its plane 
geometry until to have a stable condition in plane configuration. There are 
three different parameters in plan configuration about river behavior: width, 
depth and slope.
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1. Introduction

The research for equilibrium state in an alluvial 
channel the analytical methods are investigated. 
For this reason, the evidence of laboratory studies 

and information about the sediment data is studied. The 
behavior distribution of meanders in nature is reviewed 
which has a good performance of a laboratory sand-bed 
channel evolution. The observation of experimental set-up 
is very similar with observations of a natural gravel-bed 
river evolution [1,7].

The meander formation is a function of the dominant 
discharge, grain size and sediment transport content. The 
Friedkin’s Vicksburg experiments [8] and Inglis’s [8] analy-
sis of Indian Data are important references for understand-
ing of alluvial flow behavior. In the last decades important 
research has been prepared in analytical methods. Mean-
der migration is a significant river engineering problem [2,3]. 

Meander flow takes place in one single channel which 

ossilates more or less regularly with amplitudes that tend 
to increase with time. Interaction between the flow and 
maximum sediment transport produces channel pattern 
which are classified as meandering or braided.

The research deals with a solution about analytical 
method. In the river boundary layer two different param-
eters, the suspended sediment and the friction at the inner 
boundary layer are evaluated and found mathematical 
model for the evolution. Till today several researchers 
determined the analytical models which gave the equation 
for bank instability because of sedimentation [1]. Another 
research was about the variation of minimum stream pow-
er or about the explanation about stream power in unit 
discharge where a variation about basic principle is given 
for the channel shape. It is observed that the boundary 
layer changes its width, depth and slope during maximum 
sediment transport. The first derivatives about geometrical 
approaches are the shape of channel bed which boundary 
layer shows an acceptable equilibrium since its maximum 
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sedimentation occurs with some assumptions. For these 
assumptions another hypothesis become aware by Ra-
mette [6] where there are some new principles. This work 
gives new relations without any comparison by sensibility 
analysis on different environmental data. Ramette’s (1979) 
research has analytical conditions in minimum stream 
power approach [2].

The proposed mathematical model shows the similarity 
between Ackers and White’s relationships for sedimenta-
tion in the river boundary layer and for resistance param-
eter of flow in the river bed by White, Paris and Bettes 
relationships [7]. Using these equations it is proposed hav-
ing new parameters about geometric and hydraulic char-
acteristics for a not moving boundary layer in river sec-
tion. The results have been compared with practice. It is 
suitable while comparing the results with other river data 
in nature and show good approximation by using regime 
equations. These new inventions about river behavior on 
an alluvial interface show excess applications in spite us-
ing limited regime properties.

2. Formulation of Method

There are six different parameters which easily shapes the 
channel deformation on an alluvial boundary layer. These 
parameters are:

(1)The average depth,d;
(2) The slope, S;
(3) The average water velocity, V;
(4) The discharge, Q;
(5) Sediment concentration, X and
(6) The channel width.
The formulation of these variables, it is used,
(1) The continuity equation
(2) Formulas for sediment transport 
(3) Formulas for flow resistance
(4) Formulation of the stream condition, that if the 

stream power should be minimized where maximum sedi-
ment discharge takes place in the channel boundary layer.

3. Sediment Transport

Different equations are given in the scope of the continui-
ty equation of water flow and sedimentation, flow bound-
ary layer resistance formula, different kind of sediment 
transport relationships and the rule where stream power 
should be minimized when the power of sediment trans-
port must be maximized [7].

The parameters V, d, X and B are given for determi-
nation of discharge and slope of the channel where it is 
assumed that the flow is steady and uniform for a non 
cohesive boundary layer material. It is invented some 

equations for determining the sediment transport concen-
tration. This mobility at the boundary layer takes place 
with different kind of parameters in three values without 
dimension. These are :

(1) Particle size Dgr without dimension,
(2) Content of Sediment Ggr and
(3) The particle property which is not stabil and con-

stant, Fgr.
This particle property is defined as the ratio of im-

mersed weight and the ratio of shear forces which is a riv-
er boundary layer occurrence while the water flowing as a 
function of bed resistance.

In the river boundary layer it is given that the light 
sediment particles continue to flow from upstream to the 
downstream direction [2]. These particles show a mobil-
ity as a suspended load in sedimentation with turbulent 
behavior. By flowing of water the turbulence intensity is 
very high to carry all the particles which are finer with 
help of total boundary layer shear stress. It is given as the 
definition for particle movement [2]:

Fgr = gD s
V
( 1)
*
n

−

 
 
 
 
  
 

32log

V

 
 
 
10

D
d

1−n

 (1)

For fine sediments, n=1, and n = 0 for coarse property 
of the sediment particles. For mean value of sediment 
particles n is described as a value between 0 and 1 in the 
transition zone, which is dependent to the parameter Dgr.

D Dgr =
 
  

g s( 1)
ν
− 1/3

 (2)

where g is the gravitational constant and, ν is the kine-
matic viscosity of the continuum medium, s is the density 
of coarse sediment.

Dgr > 59 gives the condition of the flume data for coarse 
sediments. For fine sediments the result for computation 
Dgr < 1 . Between these values there is transition zone 
from fine to coarse sediments.

The cube root is identified as the ratio of immersed 
weight of sediment particles to viscous boundary layer 
forces. There is also a sensitivity analysis for different 
flow data for Dgr > 59 and Dgr < 1, for different kind of 
coarse and fine sediment particles, respectively. The tran-
sition zone takes place between above given limits. There 
is also a stream power definition by sedimentation process 
where it is combined with a mobility number of particles 
at the river boundary layer with a continuity parameter of 
sedimentation [2],
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Ggr =
Xd
sD V

 
 
 

V*
n

 (3)

where a general model for a particle discharge is given 
as, [2]

G Cgr = −
 
 
 

F
A
gr 1

m

 (4)

in which C and m are different constants for Dgr func-
tion, and X is the parameter for initial movement of the 
particles. The given threshold for changing the location 
of particles in the boundary layer is given with the above 
parameter of Fgr. For the paramerters n, m, Ggr and A is de-
fined by transitional zones of Dgr between 1 and 61 [7].

n= 1.0- 0.56 log Dgr (5)

m=(9.66/Dgr)+ 1.34 (6)

log C=2.86 log Dgr – log2Dgr-3.53 (7)

A = +
0.23
Dgr

0.14  (8)

where for transition zone of coarse sediments, Dgr>61 
is given as [7]:

n=0.11 (9)

m=1.51 (10)

C=0.026 (11)

A=0.18 (12)

4. Frictional Characteristics

Including the Ackers sedimentation theory [1] there is an-
other linear relationship between sediment transport and 
the total shear stress, 

Ffg, is given as

Ffg = gD s
V
( 1)
*

−
 (13)

and the mobility, related to the effective shear stress, 
Fgr, existed with coefficients depending on Dgr. An exten-
sive correlation exercise for a wide range of sediment siz-
es (0.05 mm to 11 mm) gave the equation

F A
F Agr

fg

−

−
= − −1.0 0.76 1

 
 
  exp(log )

1
Dgr

1.7  (14)

There is traditional methods which can easily matches 
with data of sediment sizes between 0,04 mm to 69 mm[5].

5. Variation Principle

For solving the problem another attempt had been made 
with maximum or minimum parameters in the boundary 
layer which is given for different sediment sizes. The new 
hypothesis is given in the conditions of special discharge 
for fluvial slope where during maximum sedimentation 
the width of the bed boundary layer is changed till it is 
stable. Using stream power at the channel boundary layer 
if the stream power is minimum, sufficient equilibrium 
condition for alluvial boundary layer can be observed. The 
other researchers give the same observation with different 
analytical approaches [3,4] where the channel width is given 
and remains fixed during the minimization of stream pow-
er. These attempts relate the principles of minimum unit 
stream discharge while the occurrence of energy dissipa-
tion with minimum sediment rate. It can easily observed 
the same results by maximizing sedimentation and ob-
tained a minimum slope for channel bed [5,6]. During com-
parison methods it is given that the maximum sediment 
concentration for a constant water discharge and slope, 
many sedimentation theories and friction relationships for 
bed boundary layer identifies the same parameters. It is 
given different diagrams for slope and sediment concen-
tration as a function of channel width. By observations in 
nature both extremes occur at a width of 43 m. Since the 
two principles of maximizing transport rate and minimiz-
ing slope are equivalent, the work relating minimizing 
stream power to minimizing the rate of energy dissipation 
which can be used for the method of maximum sedimen-
tation at the boundary layer. If there is not maximum 
transport rate conditions on the boundary layer without 
adjusted the alluvial fluvial bed slope with discharge. 
There are different solutions to the different parameters 
of concentration, velocity and depth. The new approaches 
give the solutions about different parameters which have 
sedimentation discharge under the maximum rates and 
width under the extreme values. There are another con-
strains with parameters of bank and bed erosion. It gives 
a solution about erosion parameter where the banks have 
more erosion property than the bed boundary layer, ob-
served new bed deformation on alluvium with more larger 
curvature. This research gives the conditions about uni-
form flow properties without subjected the development 
of river plan behabiour. Only new concept about maxi-

DOI: https://doi.org/10.30564/jgr.v3i1.1572
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mum sedimentation can easily determine river behavior 
in plan section. It is observed that only in the meandering 
channel development it is observed the comparison with 
straight channel formation where river discharge transport 
larger sedimentation with smaller energy. It is concluded 
that the plan geometry of alluvial plan behavior of mean-
der needs maximum sediment transport rate. The compar-
ison between theoretical study and observations in praxis 
has the same results. In the meandering plan geometry the 
uniform flow conditions produce also the same character-
istic behavior.

6. Computational Procedure

There are different artificial computer intelligence soft-
ware for satisfying geometric values about sedimentation 
density, about the size of different bed boundary layer 
material and about temperature conditions. These are in-
puts in computer software and as output the meandering 
boundary layer depth, water depth, mean velocity and 
slope for inner boundary layer which can be computed. 
The results have as for the sensibility analysis only 1 % 
deviation from observations [7]. The other researchers ob-
served in laboratory channel a rectangular sand cross sec-
tion [2,3], where it has the same computational procedure 
about the hydraulic radius, referring the wetted area divid-
ed into the wetted perimeter as R is the hydraulic radius, g 
acceleration gradient and S is the alluvial boundary layer 
slope, determined by the equation

V gRS* =  (15)

For trapezoidal cross-sections in laboratory channel 
conditions the flow plan section shows an equilibrium 
condition for shaping its width and shape, if the cross-sec-
tion slope z (defining where z is horizontal to 1 vertical) is 
computed for below conditions: [4]

z=0.5 if Q<1 m3/s (16)

z=0.5Q1/4 if Q>1 m3/s (17)

7. Evaluation of Method

By using sensitivity analysis of observations with ana-
lytical model of discharge and slope the parameters of 
sedimentation density, plan width and water depth were 
predicted. For different data another computer model is 
developed to determine the laboratory model discharge, 
Q, and sedimentation density, from which it is taken for 
computational procedure the different parameters as water 
width, water depth and boundary layer slope.

For the same data distribution there are some param-
eters about sediment granulometry of D35 size on sedi-
ment distribution curves [5], where the bank full discharge 
is chosen as a constrained factor. For this reason there 
are different data collections for evaluation about sandy 
boundary layer of alluvium and the gravel-bed rivers 
.By comparison of the results for sand channels existing 
regime channel relationships are compared with new ap-
proaches. It is observed that two approaches overlap in 
different relationships. Predictions show that the boundary 
layer slope is a function of sedimentation [6]. If there are 
deviation in the curve data of sedimentation it is given 
because of observation errors. Observed and calculated 
values may readily be compared by considering the dis-
crepancy ratio, the ratio of the predicted to the observed 
value in the each data set. The mean discrepancy ratio for 
the slope is 2.20 with a standard deviation of 1.9. From 
the observed values of the discharge density in the alluvial 
river boundary it is given the calculation procedure for 
channel width determination. It showed a good agree-
ment in the range 1> B (m)< 20 between calculated and 
observed values. The standard deviation is given as 0,33 
with the mean discrepancy ratio of 0,96.

The results for gravel rivers in present computations 
are given for comparing with another scientific data [6]. 
The sedimentation changes between 10-50 ppm and a sed-
iment size of 100 mm with different diagrams in cartesian 
coordinate systems [1]. The sensitivity analysis is not ap-
propriate for D35 size and there are empirical formulas for 
D50, D65 and D90 sizes of sedimentation with overlapping 
property.

The last examples for sedimentation research were 
taken from surface boundary layer of alluvial rivers. In 
gravel-bed rivers, there are different sizes in formulas ex-
cept D35 and D50 which are under mean values. The other 
observations are obviously for computing of different 
properties like slope, and water depth, water boundary 
layer thickness with width. The prediction of slope shows 
a good agreement with empirical formulas. If there are 
not heavy sedimentation the results of formulas give more 
overlapping properties with observations and computa-
tion. The new methods show the tendency to under predict 
in low sedimentation. The deviation shows an increasing 
character with increasing particle property and decreased 
at the high sedimentation. The standard discrepancy is 
given as 1,1 where its deviation shows a value of 0,54. 
As stated earlier, the sedimentation discharge is most im-
portant factor in gravel-bed flumes. In addition, D35 size 
of material property with D50, D65 and D90 is chosen for 
estimation of different properties.

Because of granulometry curve the computational 

DOI: https://doi.org/10.30564/jgr.v3i1.1572
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method shows a weak relationship in affecting the bank 
instability, where there exists no one relationship between 
size distribution of sedimentation and surface boundary 
layer geometry. The results for width distribution in grav-
el-bed flumes are not satisfactorily while the complicated 
procedure of computation.

The sensitivity analysis for widths does not show good 
agreement at the gravel boundary layer brcause of the lack 
of laboratory experimentation where

(1) To specify the different grain sizes at the boundary 
layer,

(2) To specify bed performance at the gravel bed 
boundary layer,

(3) It is difficult to give all parameters for a flood which 
is observed in the nature in exact values.

(4) There are some constraints because of the grav-
el-bed formations and also channel bank formations.

8. Conclusions

(1) The approaching procedure for prediction of bound-
ary layers in a flume movement is derivation by minimum 
discharge parameters the maximum rates for sedimenta-
tion. This method can easily predict the unknown parame-
ters for sand and gravel-bed flumes.

(2) The maximization method is investigated in scope 
of determining the minimum channel slope the sediment 
transport at the river valley which shows moving charac-
ter in plan configuration.

(3) From comparisons with available data it has been 
shown that: ① Predictions of slopes show scatter when 
compared with observations. This is not necessarily a defi-

ciency in the method. There is a slight tendency to overes-
timate slopes; ② predictions of widths are excellent except 
for very large sand channels and for meandering laboratory 
channels where there is a tendency to underpredict.
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Meander flow takes place in one single channel which oscillates more or 
less regularly with amplitudes that tend to increase with time. Meanders 
are found in beds of fine sediments with gentle slopes. In this study, effort 
will be made to investigate meanders’ turbulent boundary layer and to 
improve the present knowledge about the river meandering phenomena. It 
is assumed that the development of the perturbations which develop into 
meanders or braids, is longer than the width of the channel. Interaction be-
tween the flow and mobile boundaries produces channel patterns which are 
classified as meandering or braided. It is therefore long compared with the 
ripples or dunes which cover the bed of such a channel and whose wave-
length is shorter than the width of the channel. The variation of resistance to 
flow and rate of transport of bed material with velocity are discussed briefly 
and taken into account. Meander flow and meander shear stress distribu-
tion of the channel are described. The basis is a steady, two-dimensional 
model of flow in an alluvial channel with variable curvature. The meander 
development is described by forcing a travelling, small-amplitude channel 
alignment wave on the system, and determining the growth characteristics 
of the wave. Laboratory data are used to verify the formulas.
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1. Introduction

The alluvium and boundary layer of channel occur-
rences are distinguished while these events can be 
controlled at the laboratory by the scientists. Any 

parameter which is selected as an independent variable 
is classified as long-term and short-term in the field. It is 
given as three different following classifications: 1. Ste-
ady time, 2. Graded time,and 3. Geologic time that it is 
divided into short - term, long – term, and very long-term 
time spans, respectively [1].

The first time period is given in days, the graded time 
is in the value of a few hundred years, and the geologic 
time may have a value of millions years. It is dependent 

to the size of the drainage area on alluvium. Here is the 
most important events which have different properties can 
be shown as cause or as effect depending on time scales. 
The sediment discharge is an important parameter in the 
steady time duration which can be transmitted as a water 
velocity function in empirical relationships [1].

In the last observation the water velocity is given as the 
reason and the sedimentation is the result. This is usually 
correct for the short-term evaluation but not so for the 
long-term graded time duration equilibrium conditions 
where flow inflow and sedimentation are searched on the 
drainage boundary layer as independent parameters for 
the flume [2]. These amounts of drainage area are flowing 
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from upstream and from the tributaries which are obser-
ved at the upstream and tributary entrances to the basin. 
During the long –term period of river flow the different 
parameters like transport capacity and the inflow amount 
must show an equilibrium condition on the river valley. In 
the empirical relationships channel migration rate is given 
as the function of width, depth and slope in the alluvium 
like the relative curvature rm/B and definition of rm [12]. If 
there is no aggradation braided channel formations occur 
in quasi-equilibrium conditions.

The primary reasons at the channel alluvium may be 
given the braided channel formations [12]. The results of 
primary occurrences are:

(1) Over-sedimentation because of heavy sediment 
transportation from the upstream boundary layer

(2) Because of steep horizontal slopes
Analysis of braided river conditions is out of scope of 

this paper.

2. River Types

River types with point bars in nonsinuous patterns can be 
met at heavy bed-material and low silt-clay mixture on 
horizontal steep valley slopes. Flumes with these proper-
ties have mean values of lateral curvature at the valley 
route where one of the multiple tributaries moves against 
the inner bank boundary layer. The differences between si-
nous flumes and nonsinuous braided rivers are given with 
two contrast in width-depth ratio, slope, channel and bank 
stability and other properties. It seems to be contrasted in:

(1) Blockage of a main channel by ice blocks in nort-
hern hemisphere,

(2) Different topographical properties of river boundary 
layers

(3) Geological reasons such as alluviums or different 
soil aspects

By different researchers the reason for meandering 
channels is given as the soil properties of the river valley 
environment which shows the quasi-equilibrium conditi-
on. Anabranches rivers have more steeper borders than the 
undivided river patterns where they have low sediment 
transport rate and the meanders have high sedimentation 
for having equilibrium conditions on the river reaches.

3. Threshold in River Morphology

The relationships for river morphology cannot continue 
undefinitely because of the auter effects of the natural di-
sasters like earthquake, flood conditons and drought con-
ditions where there is observed different thresholds and 
discontinuities. The length along the meandering patterns 
is given as

M = 2 π B (1)

where B is the width of the channel curvature illustrating 
diffent frequency distributions. The properties for 8 allu-
vial and 5 bedstone armour streams are reported [11]. The 
other approach is given for different river pattern curvature 
where the transverse oscillation of the water velocity takes 
place against the river bank degradation. Meandering river 
pattern shows good agreement with the evaluation of river 
plan formations. In a bedrock environment the meander 
formation about gooseneck is shown [12] (Figure 1).

Figure 1. Gooseneck river meander

The oscillation of boundary layer in river meanders is 
dependent on the sedimentation amount from upstream 
reach. There is another damping constant which is depen-
dent on the water velocity with different reverse compo-
nents. It is invented new relationships about discharge and 
wavelength using the formula [6-9],

AB
λ

1/2 = 72FB0,52  (2)

λ = 39 Q0,41 (3)

where A is the cross-sectional area and B is the width , 
F Froude number and λ is the river oscillation wave-len-
gth (Figure 2).

Figure 2. Sedimentary Deposition Environment
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The above relationships have statistically character by 
collecting different laboratory and natural data. There are 
also distributed in different 60 constant discharge labora-
tory evaluation. At the lower discharge condition the alter-
nate bars occur at the river boundary layer with different 
characteristics. In several researchesar the alternate bar 
conditions can be seen with controlled discharge and bank 
stabilization near alternate sides of the river boundary la-
yer. At higher stages of flow conditions alternate bars dis-
sappeared. It is the reason of higher velocities in the chan-
nel. There is directly connection between alternate bar 
formation and curvature migration in the boundary layer. 
In the erosion condition of meandering rivers alternate 
bars change their forms quickly in free developing curves. 
In different conditions where water depth has fifth percent 
of width is observed alternate bars occurs at the river axis 
scour. Alternate bars at the meandering conditions are 
significant effect on river geology and river ecosystem. It 
is also concluded in this condition meander length λ/ A ½ 
changes into Froude number with 0,5 exponent and their 
wavelength changes with the discharge of 0,4 exponent. 
Different researchers give the same idea that the labora-
tory observations are not the same as the natural pheno-
mena because of different impacts of the river shoreline.

4. Results

River types with point bars in nonsinuous patterns can be 
met at heavy bed-material and low silt-clay mixture on 
horizontal steep valley slopes. Flumes with these proper-
ties have mean values of lateral curvature at the valley 
route where one of the multiple tributaries moves against 
the inner bank boundary layer. The differences between 
sinous flumes and nonsinuous braided rivers are given 
with two contrast in width-depth ratio, slope, channel and 
bank stability and other properties. It seems to be contras-
ted in [5-7]

(1) Blockage of a main channel by ice blocks in nort-
hern hemisphere,

(2) Different topographical properties of river boundary 
layers

(3) Geological reasons such as alluviums or different 

soil aspects
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1. Introduction

To determine several formulas for sediment trans-
port discharge are useless which can be given as 
discharge of sediment as a function of flow prop-

erties because of its complexity. As a result, it was no 
universal formula determination foe sediment discharge. 
Different theories of probability have great potential in 
problem solution which are playing an important role for 
determination of particle movement duration on the allu-
vial river boundary layer [1]. In this aspect the laboratory 
observations can be used for verifying of the stochastic 
results.

Einstein [2] searched this phenomena using the probabil-
ity density formulas solving the sediment transport length 
and rest of duration which are given as exponential func-
tions. The travelling total distance of the particle is given 
as [1],

f(x,t) = k1 . e
-k1x – k2t Σn=1

~ [ (k1.x)n-1/ Γ(n)] . [ (k2.t)
n/ Γ(n+1)] 

……x>0 (1)

in which f (x,t) = gamma function
k1, k2 = constants of the mean step length and rest peri-

od, respectively.
Equation (1) is proportional to the sediment particle 

concentration with respect to longitudinal position of x as 
a function of time duration. It is derived two-dimensional 
model of stochastic interpretation of the bed-sediment 
particle layer height where the particles deposited.

In the model application, the function for probability 
density at the rest period is calculated in the deposition 
elevation as f xD (x), the function for probability density 
function is given as fT\YD (t\y) which is given as the rest 
period at the elevation deposition .

Using cluster techniques of tracer particles [1], the sta-
tistics for the lengths and duration periods can be easily 



10

Journal of Geographical Research | Volume 03 | Issue 01 | Special Issue | January 2020

Distributed under creative commons license 4.0

calculated. Here k1and k2 parameters are found from 
longitudinal concentration distribution curves [4]. It is re-
ported that the theoretical and laboratory applications are 
overlapped. Model parameter estimations from different 
laboratory observations are difficult. Another experimen-
tal study is given by another research [3].

Different laboratory flume with two bed-material sizes 
were conducted by experiments were as bed configura-
tions can be seen ripples and dunes. The step lengths and 
the rest can be determined by using single radioactive 
tracer movements where step lengths and the rest periods 
were measured directly. It is observed that the gamma 
distribution overlap with step lengths and the rest periods 
to be approximately exponentially distributed [1]. The bed 
elevation as a function of time records, it is given that the 
conditional probability density function of the rest periods 
can be observed by the exponential function [3],

fT/YD (t/y) = ky(y) e_k3 (y)t (2)

in which k3(y) = the constant of the conditional mean 
rest period at elevation y. If significant further results 
is to be expected new solutions must be determined for 
estimating the probability distributions. The purpose of 
these experiments is to give the observations of different 
laboratory studies about flumes in which different data are 
collected.

2. Experiments about Flume Boundary Layer

In alluvial boundary layers the most expected bed forms 
are dunes. The shape of a dune is approximately trian-
gular in long section with gentle upstream slope and a 
steep downstream slope. The upstream flow conditions 
determine the shape of a dune whereas the slope on dune 
is more dependent on the angle of repose of the bed mate-
rial. The movement of dunes downstream gives the obser-
vation about erosion from the stoss or upstream side and 
deposition on the downstream face. Sediments particles of 
a dune at the upstream side must make a step in the down-
stream direction before being rest on the slip side. After 
deposition they rest until the dune has moved to another 
place whose sequence continues at the flume boundary 
layer. Particles show movement by erosion and rest on 
the bed boundary layer where its step length depends 
only on the height of bed slope from which it has moved. 
The number of dune crests shows deposition and shape 
and scale during the time of the erosion. If the number of 
particles per unit volume of the bed Ω is constant the ac-
cumulation is assumed in statistical sense stationary, both 
erosion and deposition cannot be observed at the same 
point and at the same time. The rest length of the particle 

is given from the stochastic equation as yx(t) values. The 
value of sediment particles per unit area within the class 
intervals (ηj, ηj41) in step duration, given by Nd (yj) as [1],

Nd (yj) = ΩΣx=1
m Δyj,π       j = 1,2,……,n (3)

where π = the value of class intervals for having of YD 
value;

Δ yj, k = the elevation height of the bed in every class 
interval associated with yj for the kth deposition period and 
mj = the maximum value of bed forms contained in the 
yx(t) step and which also have some deposition in the class 
interval, having with y1 for the kth deposition period.

The total value of sedimentation per unit boundary 
layer area rests over all intervals which is deposited by Nd 
and is obtained by summing them [1].

Nd =  Σj=1
n  Nd (yj) = ΩΣj=1

nΣk=1
mj Δyj,k (4)

This equation was approximated by us of the sample 
probability mass function, given as

P YD (yi) = P [ηj< YD<   ηj + 1 ] = Nd (yi) / Nd  for a large m
 (5)

The particle probability of erosion within a particular 
class interval can be observed in the same time where the 
erosion periods instead of the deposition periods must 
be taken. The probability function will be given to either 
deposition periods or erosion periods, the bed height prob-
ability function in deposition and erosion must be identi-
cal [4].

3. Probability of Particle Rest Periods

The particle rest duration is given as the rest time between 
the deposition and erosion at the flume boundary layer 
where the yx(t) value defines the probability estimation of 
particle density function at duration on the height of bed 
elevation. This probability is given by [3]. Measurement 
the time difference between a down crossing and the pre-
vious up crossing values (tj,k ; j= 1,2,….., n and k = 1,2, ,,,,, 
mn) for a relative frequency analysis of the statistic (ti,k) is 
given for a sample conditional probability mass function 
of the rest period definition [3].

PT,YD( tα|yj) = P [ τα< τ< τα + 1 /  η j<  YD< η j + 1 ]        
j=1,2,..,n       α = 1, 2,……r     (6)

where τ = the random variable describing the rest peri-
ods, tα, and yi = the class properties for τ and YD.

τα and τα + 1 = the lower and upper class limits of τα, and
r = the number of class intervals for τ.
This function of probability is used to determine the 

mass function for the sediment deposition durations

DOI: https://doi.org/10.30564/jgr.v3i1.1844
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Pτn (tα) = P [ τα< τ < τα + 1] = Σp= 1
n Pτ ; YD ( tα|yi) PYD (yt)     

α= 1,2,..r (7)

The duration of probability function for the deposition 
of sedimentation on the flume boundary layer can be col-
lected by distribution of bed height value at a fixed loca-
tion with time interval. Other observations can be given as 

[3]:
(1) Noting that both sediment transport at the bed 

boundary layer with the other word erosion and rest of 
particles ( deposition) do not see at the same time interval,

(2) The sedimentation at the bed height is assumed 
stationary in view of statistics where its results must show 
the same application in the field and at the experimen-
tal-set-up.

Figure 1. Comparison of the JONSWAP and Pier-
son-Moskowitz Normal Distributions at particle move-

ment energy [5]

4. Step Length Determination with Probabili-
ty Distributions

For step length distribution first we must assume that a 
particle has also energy by deposition and erosion in view 
of bed load distribution on the river boundary layer [5]. Us-
ing Model theory we can easily have the same experimen-
tal-set-up on the laboratory. The suspended bed load is 
given as that material which is transported from upstream 
and deposited on the downstream part of the bed material 
formation like a dune from which it shows a movement. 
The suspended bed material must be that sediment ma-
terial which is not deposited on the downstream part of 
the same bed formation. If we observe the bed load as 
previously defined the distance between the transporting 
at elevation y1, and the transportation to the bed height y1 

of the k-th bed formation in the yt(x) location. This ob-
servation is a definition of the step distance of a sediment 
particle which is transported from the bed elevation yi and 
is resting on the bed height yi on the same bed form. The 
frequency analysis of the observations (x, β) determines 
a sample conditional probability mass function which is 
defined as:

P x|YE, YD ( Xiβ|Yt,Yj)=  (8)

in which X = the random step length value,

P x|YE, YD ( Xiβ|Yt,Yj)= P [ λβ< X < λβ+1] [ηi< YE< ηi+1 , ηj< YD< 
ηβ+1] (9)

β = 1,2,….., s and    i,j = 1,2,….., n
Xβ = the class property for the observation of Xiλβ, and    

λβ+1 the lower and upper class limits of Xβ , and s = the 
number of class intervals for the realizations of X vari-
able.

If YE and YD are assuming independent for a uniformly 
sized boundary layer sedimentation, it defines that a parti-
cle passing a bed form crest has no memory of the height 
of its movement where the sample mass function of the 
rest length given that a particle is lying at elevation yj, de-
fined as [3]

P x|YD ( Xβ|Yi)= P [ λβ< X < λβ+1 | ηj< YD< ηj+1] (10)

The step length function of the bed load sedimentation 
can be determined by combining the observations taken in 
the yx (t) and yt(x) measurements. The other conditions are 
given as [5]: 

(1) No accumulation can be observed on the upstream 
sides of dunes and no sediment transportation occurs on 
the downstream parts of the bed forms.

(2) The height of accumulation, YE and the elevation of 
particle deposits, YD, are independent.

(3) The flow is in Froude number as transition part [6]. 
The first assumptions may not be strictly true due to flow 
separation, in the dune environment where both deposi-
tion and erosion may occur at the same point. For dune 
flow conditions, laboratory observations show that such 
an area is small. The second assumption seems to be rea-
sonable because as a sediment particle passes a dune crest 
it is likely to lose any memory of where it came from. Bed 
load is defined as that portion of the total load which pass-
es only one dune crest per step

5. Sediment Discharge Definition

The transport rate of sedimentation at elevation ypvB (j) is 
given as,

DOI: https://doi.org/10.30564/jgr.v3i1.1844
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vB j( ) =
E X YD Yj
E YD yp
 =  
 =  τ

 (11)

in which E[X|YD=yj] = th mean step length of the 
sample, given that the height of deposition is at yp, and 
E[τ|YD=yp] = the mean rest period of the sample given the 
elevation of deposition is at yp. This transport rate can be 
determined at each zone of the bed contributes to the total 
bed-load.

Using the continuity equation the total bed-load distri-
bution is given as [6]

QB = γB (1- θ) Σi=1
n vn (j)ξj Δyp (12)

where QB= the bed-load discharge in weight per unit 
time and width,

γB = the specific weight of the bed particles,
θ = the porosity of the bed material,
Δyp = the class width which remarks at the bed eleva-

tion, yj

In the bed discharge formula, the bed-material particles 
must have identical transport properties. We can change 
the above expression as

QB = γB (1- θ) h vB (13)

where h= the mean depth of the layer in which bed-
load particles transported

vB = the average transport velocity of a bed-load trans-
portation.

6. Analysis of Experimental Evaluation

Different experiments were observed in a recirculating 
flume of rectangular cross-section [6]. The bed transporta-
tion observed in the experiments, was a uniformly sized 
river accumulation with uniform distribution. After an 
uniform discharge was observed, the yx (t) and yt(x) val-
ues, the bed material discharge, and the hydraulic units 
were evaluated. The methods and procedures of evalua-
tion have been given [7].

The yt (x) evaluation were given by mounting a sonic 
depth sounder on an instrument carriage such that the ul-
tra sounder was over the center line of the flume and then 
moving the sounder and carriage in the upstream direc-
tion. The evaluation time was approximately 5 min., the 
yt(x) evaluation is continuously.

The yx (t) evaluation was held by putting a sonic depth 
sounder at the canal centerline, downstream of the in-
strumentation. Both the yt(x) and yx(t) evaluations were 
digitized with an analog-to-digital converter at the lag in-
tervals [8]. The lag interval on the yt(x) evaluations was not 
constant because the speed of the carriage was somewhat 

different for each lag.
The probability mass function samples were obtained 

by the given above formulas by accumulation height of 
sedimentation at the flume boundary layer and sediment 
transport [8].

The yx(t) evaluation of each run was standardized so 
that the class intervals yt, measures the heights of deposi-
tion or erosion in terms of the standard deviation about the 
mean bed height.

The class width of 0,4 standard deviations was used 
for all class evaluations. The histograms of frequency for 
accumulation and sediment transport are given [1]. The 
Gaussian density function obtained from data evaluation 
shows to fit the values for different experimental-set-ups 
very well. For flume stationary condition continuity 
needs that the probability of erosion from any bed height 
is equal to the accumulation probability. Therefore, the 
density functions for the height of accumulation, and 
sediment transport must be identically distributed. The 
mean and variance of evaluation data histograms are also 
given. The total number of points are available for anal-
ysis, Σmj. In the low sedimentation processes the slow 
transport rates give the limited number of occurrences. 
The deposition periods were computed by determining the 
difference between the sediment transport from the bed 
formations and the time of deposited which have defined 
as each observed event as mti . Also given in this figure the 
overlapping of occurrence into the two-parameter gamma 
probability density function. 

7. Summary and Results

(1) For deposition or sediment transport at the flow 
boundary layer evaluation by the sediment probability 
density function it has the shape of standard normal densi-
ty function with +- 2.4 standard deviations.

(2) The observation of mean rest period of sedimenta-
tion shows with decreasing bed height an increase. The 
property of mean deposition duration seems to be not a 
function of upstream continuum mechanics

(3) Noting that both sediment transport at the bed 
boundary layer with the other word erosion and rest of 
particles (deposition) do not see at the same time interval,

(4) The mean deposit period depends on accumulation 
of boundary layer properties which can be larger than the 
mean deposition duration of particles at the boundary lay-
er height.

(5)The exponential density function overlaps with the 
measured deposition duration distributions reasonably 
well.

(6) The mean step length of a sedimentation particle 
increases nearly linearly with a decrease in the boundary 

DOI: https://doi.org/10.30564/jgr.v3i1.1844
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layer height. The mean step length of a sedimentation 
particle seems nearly 45 % of the mea bed form length for 
different experimentation procedure.

(7) The Gamma Density Function fits the measured 
deposition length distribution reasonably well.

References 

[1] Lee, K. Baum. Stochastic Analysis of Dune bed 
Profiles, ASCE, Journal of the hydraulics Division, 
HY7,10557, 1974: 849-857. 

[2] Einstein,H. A.. The Bedload Movement as a Prob-
ability Problem. Mitteilung der Versuchsanstalt fur 
Wasserbau, an der EidgenossischeTechnischeHoch-
schule in Zurich, VerlagRascher and Co., Zurich, 
Switzerland, 1937.

[3] Hubbell, D.W., Sayre, W.W.. Closure in “Sand Trans-
port Studies with Radioactive Tracers”. Journal of 
the Hydraulics Division, ASCE, Proc. Paper 4464, 
1965, 91(HY5): 139-149.

[4] Sediment. Transportation Mechanics: Introduction 
and properties of Sediment. by the Task Commit-

tee on preparation of Sedimentation, Manual of the 
Committee on Sedimentation, Vita A. Vanoni. Jour-
nal of the Hydraulics Division, ASCE, Proc. Paper 
3194, 1962, 88(Hy 4): 77-107.

[5] Yilmaz, L.. Stochastic Sedimentation Process Distri-
bution at Particle Energy. Nisantasi University, 1453, 
Neocampus, Istanbul, Turkey, (unpublished research) 
2019. 

[6] Shen, H. W., Todorovic, P.N.. A General Stochastic 
Model for the Transport of Sediment Bed Material. 
Proceedings, 1st International Symposium on Sto-
chastic Hydraulics, Chao – Lin Chiu ed., Pittsburg, 
Pa.,1971: 426-448.

[7] Williams , G.P.. Aids in designing Laboratory 
Flumes. Open-File report, United States Geological 
Survey, 1971.

[8] Lee, B. K.. Laboratory Study of an alluvial stream at 
one Foot Depth. Thesis presented to Colorado State 
University, at Fort Collins, Colo., in partial fulfill-
ment of the requirements for the degree of Master of 
Science, 1969.

DOI: https://doi.org/10.30564/jgr.v3i1.1844



14

Journal of Geographical Research | Volume 03 | Issue 01 | Special Issue | January 2020

Distributed under creative commons license 4.0 DOI: https://doi.org/10.30564/jgr.v3i1.1845

Journal of Geographical Research

https://ojs.bilpublishing.com/index.php/jgr

ARTICLE

Development of River Meander Model 

Levent Yilmaz*  
Nisantasi University, 1453 Neocampus, Civil Engineering Department, Hydraulic Division, 80626, Maslak, Istanbul, 
Turkey 

ARTICLE INFO ABSTRACT

Article history
Received: 28 December 2020
Accepted: 9 May 2020
Published Online: 31 May 2020 

In the studies of open-channel flow with suspended sediments, used a 
constant of Von Karman κ in a model for velocity profile. The augmen-
tation parameters have been added by various researchers in more recent 
development of the boundary-layer theory of meander development. In this 
research new parameters will be included because of the existence of the 
turbulent flow region in meandering channels because of boundary-layer 
theory.Keywords:

Meander
Flow
Model
Boundary layer
Sediment 

　

*Corresponding Author:
Levent Yilmaz,
Nisantasi University, 1453 Neocampus, Civil Engineering Department, Hydraulic Division, 80626, Maslak, Istanbul, Turkey;
Email: levent.yilmaz@nisantasi.edu.tr 

1. Introduction

A functional relationship was attempt for the lower 
flow regime discharge to which the sediment rate 
may be related as [1]:

U/ U*” = F (ψ’) (1)

where U is the mean velocity and U*” is the shear ve-
locity and ψ’ is the intensity of shear on representative 
particles and is given by [1]

ψ 35′ =
(ρs  35 −

ρ R s
ρ )

'

d
.  (2)

where ψ’35 is the intensity of shear on the particle with 
a diameter 35 mm. sieve probe,

ρs = Sediment density and

ρ = Water density
R’ = Hydraulic radius of meandering boundary layer
S = Slope of the meandering boundary layer which is 

given in the Form resistance relationship of the 2nd equati-
on. 

2. Method

Another research works with the divided slope approach 
by assuming that the skin friction is due primarily to ex-
pansion losses associated with flow separation downstre-
am of dune crest in meandering boundary layer [1].

The magnitude of the expansion head loss H’’ may be 
estimated from the formula [1],

∆ =H ′′ α
(U U1 2 **2−

2g
)

 (3)
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where α is the loss coefficient, U1 is the mean velocity 
above the crest, and U2 is the mean velocity over the trou-
gh. If the bed form height is given as h and the mean dep-
th is given as D, then the 3rd relationship becomes [1]

 [ ] [ ]∆ = − ≅H A A′′
2 2
α
g g DD h D h− +   

   
   

q q U h
1 1
2 2

2 2
2

 (4)

where q is the discharge per unit channel width and U 
= q/D is the mean velocity and A =unit.

The energy gradient S’’ is the head loss H’’ divided by 
the distance of one wavelength at the bed formation in 
meandering channels [1],

S F" 1= =
∆H h
λ λ

" 1α
2 D

2
2  (5)

and substituting the above equation into Eq. 5 yields [1],

S = S’ + S” (6)

 where the depth D is replaced by the hydraulic radius R.
Multiplying both sides by γR(γs – γ ) gives,

(γ γ γ γ γ γ λs d s d s d
γ γ α γ
− − −
RS RS h

)
= +
(

' 1
) 2 (

2

)  (7)

3. Mathematical Model

In research of this model the vertical component of ve-
locity is negligible, and the pressure is assumed as hydro-
static. The two-dimensional equations for water depth and 
depth-averaged velocities is given accoding to [14].

δ δ
δ δ
( ) 1 ( )uh rvh

s r n
+ = 0  (8)

δ δ δ δ δ δ δ
δ δ ρ δ ρ δ δ δ δ

u u uv p u u
s n r s h s s n n

u v+ + = − − + ∈ + ∈
1 τ1s 2 [ ] [ ]

 (9)

δ δ δ δ δ δ δ
δ δ ρ δ ρ δ δ δ δ

u u u p v v
s n r s h n n s s

u v+ − = − − + ∈ + ∈
1 12 τns 2 [ ] [ ]

 (10)

where u, v, is the s- and n- components of the depth-a-
veraged flow velocity, respectively, is the depth of water, 
r is the radius of curvature of meandering boundary layer 
at (s,n); ρ is the specific density of fluid; p = ρ g (h+z); z = 
bed elevation; τs ; τn = s- and n- components of bed shear 

stress; respectively; and ϵ = Diffusion coefficient.
In the model prediction the continuity equation for 

two-dimensional bed-load sedimentation equation is pre-
dicted [14],

δ
δ λ δ δ

z
t s r n
+ + =

1−
1 1[ ] 0

δ δq rq1 ( 1 )BS Bn  (11)

where t is the duration; λ is the porosity of bed materi-
al, and qBs, qBn = s- and n- components of the volume rate 
of bed-load transport per unit width of the bed, respecti-
vely. For calculation of bed-load transport equation the 
Meyer-Peter-Müller Formula is used [1]. 

4. Equations with Empirical Background

Meander expansion is a significant sediment transport 
problem in river navigation which is well-researched by 
[2]. Many investigations have been made for the so-called 
regime theory [3-7], which are given for empirical relati-
onships. They are used for primarily designing the stable, 
straight channels. All the theories generally are given 
for predicting the value of meander formation that the 
channel width must be less than six-to-ten times depth in 
order for the channel remaining unchanged. Most river 
meanders have a width-depth ratio larger than six to ten, 
and their planform is variable. It consists of meanders that 
usually expanded by both downstream translation and la-
teral expansion. Most empirical equations cannot give rate 
and direction of expansion. Some expansion equations are 
given in the form of measured correlations between rates 
of bank retreat and width or width-radius ratio [8-12].

Another theory is obtained by perturbation theory of ri-
ver meandering boundary layer [13]. Perturbations are per-
mitted into the system of observing the discharge which 
shows variation on channel planform migration by calcu-
lating the rate of growth of the oscillation at the boundary 
layer. The gain for river planform protection is that the 
perturbation – stability analysis enables river discharge 
characteristics in future basic flow conditions at the boun-
dary layer. One –dimensional, straight-channel resistance 
formulas are given by [14,15] where the perturbation analy-
ses generally give some new models including those of 
sedimentation, and the description of flow and boundary 
layer formation in the channel in two different conditions. 
Two different stability formulations are given as:

(1) Bend formation theory which gives expansion of 
meandering features,

(2) Bar formation theory which gives alternating bar 
formation in straight channel.

New bend formation theories are given by[15]. It gives 
theories about river erosion conditions with centrifugally 
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induced secondary flow rates which influenced the river 
boundary layer topography and primary flow distributions. 
It is assumed that the bank erosion rate is proportional 
to the secondary current phase [15]. It is assumed that the 
transverse bed slope has negligible impact on river boun-
dary layer stability [15]. In other research the secondary 
circulation is influenced by an external stress conditions 
which is controlled by different basic flow conditions.

5. Meandering Boundary Layers

A mandering flow model is searched to predict the sym-
metric and asymmetric meander loops. Results overlap-
ping with experiments are given. Observations of the 
prediction to the development of meso-scale bed configu-
ration in straight channels are also shown. The model pre-
dictions are conducted for three types of bed formations: 
alternating bars, braided bars, and no bars, according to 
the regime criteria of meso-scale bed formations [14]. The 
migration velocity of bars in expanding boundary layers is 
also predicted.

In river management, it is the first condition to predict 
water surface height, water path and erosion and depositi-
on of alluvial channels with sedimentation under different 
regime theories. Mathematical and physical models can 
be used in designing or planning for navigation use of ri-
ver channels and hydraulic structures. Several researches 
have been conducted to evaluate flow and bed variation 
in expanding channels in nature [1,4]. In meandering boun-
dary layers the erosion and the deposition also shorthly 
bed variation is computed by the continuity equation for 
sedimentation and discharge. Typical boundary layer for-
mations and discharge with alternating bars and braided 
bars are predicted firstly in straight channels, and thus the 
formation and migration of bars are enabling prediction 
the boundary layer formations quantitatively.

6. Conclusions

Through an iteration process by prediction new finite 
difference method on a computational grid a result for 
steady-state condition is determined [1]. The relationsips 
for discharge are given implicitly, while the continuity 
equation is given explicitly. The ratio of mean discharge 
is given as the square root of the mean energy gradient 
which is given by Manning [1].

Q Q Ie Ie Ie+ ∆ + ∆ ∆
Q Ie Ie

≈ ≈[ ]11/2 1
2  (12)

in which Q = the discharge; and Ie=energy slope is 
equal to the cross-sectional averge water surface gradient. 

If v =0 and a slip velocity uw is emphasized as,

τ
ρ
1w =∈ =

du
dn

C u1 1d w12  (13)

where τw is the shear stres at the boundary layer and Cd 
is the friction coefficient at boundary. The coefficient ϵ of 
the diffusion gives permission to compute the slip velocity 
u where v=0 and z is the location at the upstream end. If 
the flow is superctitical, the boundary conditions are given 
as p at the upstrea end and u,v are given at the downstre-
am end.

7. Results

The results of model observations were carried out fort he 
same conditions as the mathemtical model at the Techni-
cal University of Berlin, Institute of Water Constructions 
and Water Resources, continued with a boundary layer 
without any gradient at contiuous discharge conditions. 
Then the boundary layers were solidified, and precise me-
asurement of the boundary layer formations and the new 
velocity conditions were attempted. It is observed [14]:

(1) The depth-averaged computational precise investi-
gation was used to show equilibrium with natural observa-
tions at the symmetrical and asymmetrical meander loops.

(2) The simulation with experimentation models and 
prototypes show good overlapping with this model.

(3) The objective was to investigate a simple numerical 
relationship for prediction the variation of bed topography 
in prototypes.

In alluvial planforms, the relationships between hy-
draulic behaviour and plan geometries result in various of 
boundary layer formations which are dependent on migra-
tion bars and meandering river dunes.
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1. Introduction

Using momentum equation and continuity equation 
in previous researches an important model for 
evaluation of meandering models was developed. 

From a stability criterion for sediment particles on the 
stream bed another mathematical model is used to predict 
the damped oscillating system at the meandering boun-
dary layer. The stability of the system is predicted by for-
cing upon it a traveling, small-amplitude alignment wave. 
The changing rate of the amplitude is predicted by obser-
ving the bottom wave and the change in channel bottom 
through a bank-moving similarity. The depth and velocity 
distributions are determined fort he change of migration in 
meandering width with a certain lag, which corresponds 
γL/2π for velocity and ΦL/2π for depth where γ and Φ are 
corresponding phase angles. It is assumed that the bank 

sediment transport depends on the same phase like velo-
city where the wavelength in boundary layer formations 
λ has nearly the same value as the L. In new model it is 
predicted [1]:

(1) Channel migration direction and migration expendi-
ture value,

(2) Dominant meander wavelength and phase shift,
(3) Depth and velocity distribution of discharge in me-

andering boundary layer.
Values for input corresponds [2]:
boundary layer slope S,
width b,
centerline depth d,
median grain size D,
friction factor f,
meander wave-length λ which was taken as twice the 

distance from crossover to crossover, and bank-erosion 
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constants.

2. Model

There are some research for model verification of field 
data and of the formulas and graphs where the computing 
of dominant migration wavelength and phase shift enables 
[3]. In this model the erosion rate and boundary layer ac-
cumulation is depending to the change in curvature with 
a certain shift, which gives γ L / 2 π for erosion rate and 
ΦL/2π for boundary layer height where γ and Φ are the 
corresponding phase angles [2]. In the new boundary layer 
model it is assumed that boundary layer erosion is given 
with the same overlapping as velocity where the ODG 
model gives that the bank sediment transport phenomena 
can be seen with the same lag as depth. In this model the 
meander wave-length λ is given twice the distance from 
crossover to crossover. It is given the suggested wave-
length as [2],

Λ = 2 π B (1)

where Yalin (1971) proposed that channel migration 
could be given with the law of the spatial correlation 
among perturbations in mixing length of channel flow [4]. 
There are also observed macroturbulent eddies, presumab-
ly secondary flow cells which produce some roughness 
frictions against the flow accumulation. In a normal cur-
vature which means that the channel has a constant curva-
ture radius and has the straight boundary layer, it is more 
simple to calculate the velocity and depth values [6,7].

3. Verification

In the previous literature it is very difficult to verify field 
data for testing of the different relationships and graphs 
which enables to predict migration wavelength and phase 
shift. There are many data observations on river mean-
dering phenomena, however, as was observed also by 
Blondeaux and Seminara (1985), most of the data are in-
complete because of insufficient evaluation about migra-
tion phenomena conditions where there is no information 
about channel slope and discharge [3]. Computed migration 
wavelengths λ are given against dominant wavelengths, 
λd [4]. Parameters are:

m = power law exponent,
κ(8/f)0.5 = it is given as power law,
κ = von Karman’s constant (= 0.4)
FDc= Froude number of particle densimetry, is given as 

Umeanc/(ΔgD)0.5,
Umeanc= centerline-depth averaged flow rate,
Δ = specific weight of submerged sediment = (ρs - ρ) / ρ,
ρ and ρs = density of fluid and sediment,

g = acceleration of gravity
The value of B approximated nearly to six unless a 

larger number is obtained by evaluating B using some pa-
rameters [8,9]:

(1) A largest possible transverse bed slope of two times 
average boundary layer height which is divided by width

(2) Needs some evaluation about sinuosity, width, dep-
th, flow rate, and grain size.

By observing the graph for data plotting α = 0.4 is 
noted which is given as transverse-mass flux constant. 
As a result the scatter of the data graphs gives agreement 
with the other evaluated data [10,11]. It is given that the 
distribution of the evaluation observed points shown in 
the line of enabling agreement is approaching but less 
than that given by the observations of Ikeda et al. (1981) 
which shows good agreement [12]. This approaching has 
only one reason which is given as in the earlier studies 
as observations that fixed values of B without conside-
ring whether the flow depth in the channel was enough 
to accommodate the corresponding transverse bed slope 

[13]. The evaluated observations is taken in this research 
from protoypes in natural rivers. The data are complete 
in the condition that channel-forming flow conditions are 
choosen. Details of the data - evaluation conditions are 
proofed in an previous chapter [14]. The distribution con-
ditions of meander wavelength which is taken as twice 
the distance from crossover to crossover in plan-section, 
is observed to change from roughly six times the width 
to nearly 31 times the width, with a mean of the order of 
13 [15]. By using transverse bed gradient and mixing len-
gth of B = 6 and α = 0.4, and the overall-average bank-
full discharge evaluation of b/d = 20, F Dc =13 and m = 5, 
the dominant and most seen wavelength which is obser-
ved by this assumption if the ODG bank-erosion model 
is given as proof [16] where the IKEDA model conditions 
are also added [16]. The group distribution of wavelengt-
hs of channel migrations are in changing from less than 
6b to more than 31 b. By using B = 7, α = 0.4, and the 
boundary layer’s average discharge values of b/dc = 41 
and FDc = 8, and m = 2.92, the most predicted wavelen-
gth shows the same property as the observed average 
distance of wavelength in boundary layer [17]. 

Different conditions in occurrence of migration rates 
is dependent by a comparable distribution in length from 
crossover at s = 0.1 to first outer - bank erosion condition 
se 

[17]. The distance in the migration bends ranges from 
about 0.10 to about 0.47 times the meander migration len-
gth. The model distance is shorter than the one-quarter of 
a wavelength. If bank sedimentation rate is dependent by 
different discharge rates and here the parameters should 
be in a close relationship between se and phase shift 
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between either curvature and boundary layer topography 
Φ and migration and discharge γ [17] which shows good 
agreement with the mechanism of controlling bank sedi-
mentation. This bank erosion cannot be the same of se, the 
phase shift is a good proof for outer-bank sedimentation 
which can be observed firstly at the downstream from a 
given migration plan point. The distance se fort he most 
observed meander migration rate would then be estimated 
by the Φd and γd distributions [16] as,

(se)d = γd Ld / 2π          (IKEDA MODEL) (2)

or

(se)d = Φd Ld/2π            (ODG MODEL) (3)

where the indis d = a variable of the most observed 
migration rate [16]. By putting as before, B = 7, α = 0,4 , b/
d = 20, FDc = 14 , and m = 13, the evaluated (se)d is 0.13, 
Ld≈0.15L1d , which is smaller than the computed model 
distance of 0.3 Ld. The given length is maybe correct [16].

4. Discussion

In observing the meander migration lengths the phase lag 
between the meander form and discharge rate is realistic 
that has small importance in the collection of data by me-
andering occurrences of individual meandering formation.

5. Conclusion

The outer-bank sedimentation rate can be plotted as a 
function of migration rate which is computed as twice the 
length from crossover to crossover of planform meander 
occurrences. Here the lenghts are without dimension by 
dividing in plot through the migration distance L, which 
is computed along the boundary layer symmetry axis. It is 
observed that migration plan forms with a large λ/b ratio 
show length to first outer-bank sedimentation location 
phenomena of less than 0.27 L.

The new equations for prediction of γ [16]:

Γ = arctanΓ= arctan  
 
 e

e1
2

 (4)

and

Φ =  arctanϒ −  
 
 

bk
a1

 (5)

where k = 2π/λ, e1 and e2, a1 are constants which are 
dependent on the boundary layer sediment material (Figure 
1).

6. Result

The point of the bend migration locations gives the corre-
ct phase shift associated with boundary layer disturbances 
which is a proof fort the outer boundary layer sedimentati-
on in the prototype of a flume which shows a good agree-
ment with the phase difference with discharge rate at least 
as long as a transverse boundary layer gradient factor of 
greater than 7 if it is used. A comparison is given between 
measured and computed discharge rates of meander bend. 
The computed discharge velocity are predicted as the 
mean amplitude growth velocity and the n-component of 
the wave ditribution at crossover.
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Graphs, Figures, Tables, and Equations
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