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A New model for computing the stable channel cross section in gravel river 
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One of the most important subjects in river engineering is design of stable channel section.  Various cross sectional shape equations have been proposed to describe the bank profiles of straight threshold channels.  In this paper, a new method has been developed in which; cross section deformation is simulated in different times. In steady and uniform condition, in absence of outside influences, a channel attains to stable shape. Final stabilized cross section computed by developed method was compared with other methods and experimental data. A total of 34 sets of data in two series of experiments were used. New method agrees with theoretical and experimental stable shape.

INTRODUCTION 

Water and sediment in alluvial rivers interact to yield self-formed channel geometry. The simplest but most essential morphological problem in self-formed channels is how to interpret rationally the process of side-bank erosion and the resulting stable channel formation in straight channels with noncohesive materials. The accurate determination of the geometry of a channel whose boundary is composed of particles that are all on the verge of motion (threshold channels) is very important in the design of unlined irrigation canals, canalization schemes, and flood mitigation. The significance of the threshold channels that it has the smallest cross- sectional area that can convey a given discharge without erosion occurring on the banks. This means that such a channel involves a minimum of excavation and dredging, which is desirable from a practical viewpoint since it results in lower construction and maintenance costs. Several investigators have developed models for predicting the geometry of optimal stable channels. The approach of Glover & Florey [1] is one of the first methods employed to obtain the shape of this stable channel. Their resulting channel had a continuously curving boundary, which they described with a cosine function; the classic cosine profile found in open channel literature. Parker [2] and Ikeda et al [3] developed the approach in curve cosine. They take into account a phenomenon called momentum-diffusion. Mironeko et al. [4] and Cao & Knight [5] proposed a parabola curve whereas Ikeda [6], Diplas [7], Pizzuto [8] determined an exponential function for the shape of the banks of a stable channel.  Diplas & Vigilar [9] and Vigilar & Diplas [10] developed a numerical model which determines the geometry of an optimal stable channel which transports only water. They determined the bank profile and stress distribution by solving the coupled equations of fluid momentum diffusion and particle force balance. This profile of the banks is represented by a fifth-degree polynomial curve. By comparing with experimental data, Diplas & Vigilar [9] showed that the cosine and parabolic profiles are unstable, whereas the profile supposed by Diplas & Vigilar had good agreement with the experiments. Diplas & Vigilar [11] developed a numerical model and determined a three degree polynomial function for the prediction of bank profile. Babaeyan-Koopaei & Valentine [12] carried out a set experiment to study in detailed the bank profile of straight stable channels. Their study showed that for the prediction of bank profile, the fifth-degree polynomial of Diplas & Vigilar [9] results in a better approximation than that obtained from the cosine profile. Babaeyan-Koopaei & Valentine [12] proposed a hyperbolic function. They showed that the hyperbolic function approximates the bank profile even more closely then the fifth-degree polynomial indicated by Diplas & Vigilar. Khodashenas [13] developed a numerical method for calculation of river bed deformation from boundary shear stress. The boundary shear stress calculate by the merged perpendicular method that developed by Khodashenas & Paquier [14]. In the steady and uniform conditions, in the absence of outside influences, a channel reaches a stable shape. In this paper, the model of Khodashenas [13]  applies to compute the stable channel geometry. This model generate stable channel by assuming initial channel profiles, and then simulating their evolution with time.  The results are compared by 7 other models and experimental data.

NEW MODEL FOR COMPUTING THE STABLE CHANNEL 

The deformation of a cross section simulat by following steps: [Paquier & Khodashenas [15])

1- From the shear stress obtained by M.P.M., deformation of a cross section was computed. Two shapes (trapeze and irregular) were used. Uniform flow at any time obtained by change of longitudinal slope. One size of sediment and constant Manning coefficient were supposed. One dimensional deformation (or mean bed deformation), (Z1D, was computed by:




(1)

where (X length of reach, 

time step, p porosity and qs sediment discharge rate that can be computed by Meyer-Peter & Muller’s relation (2) (Graf & Altinakar,[16]) :




(2)

where d mean sediment size, ss=(s/( relative density of sediment, g acceleration of gravity, 

 is a roughness parameter in which Ks is total Manning-Strickler coefficient, 

grain Manning-Strickler coefficient, (* dimensionless shear stress and (*c dimensionless critical shear stress.

2- A dimensionless function of shear stress distribution was defined for transforming mean bed deformation to a distribution of the bed deformation on a section. Between many developed functions, following function gave the most satisfactory results:






(3)

If 

 then 

 (deposit) and if 

 then 

 (erosion)

where (*j is dimensionless boundary shear stress in point j, (*jc dimensionless critical shear stress in point j that was computed by relation of Ikeda [17].

3- The model generate stable channel by assuming initial channel profiles, and then simulating their evolution with time in the steady and uniform conditions, in absence of outside influences.

Figure 1 and 2 show the evolution with time calculated by new model for two cross sections. These figures show that developed model leads to a stabilised shape.
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Figure 1- Simulation of deformation of regular cross section in different times until to stable cross section
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Figure 2- Simulation of deformation of irregular cross section in different times until to stable cross section
COMPARISON BETWEEN VARIOUS STABLE CHANNEL SECTION MODELS
Comparison with 7 models of calculation of stable section
In this section 7 different models are studied and compared with new model. The function of different model is presented briefly as follows, with symbols defined below the equation (10). 

1- Model cosines of Parker [2]
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(4)

2- Model of parabolic of Cao & Knight [5]
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(5)
3- Model exponential of Diplas [7]
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(6)

4- Model exponential of Pizzuto [8]
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(7)

5- Model of fifth-degree polynomial of Diplas & Vigilar [9]





(8)

6- Model of third-degree polynomial of Diplas & Vigilar [11]
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(9)

7- Model of hyperbolic of Babaeyan-Koopaei & Valentine [12]
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(10)

where h*=z/hc ,z = boundary elevation above the bed at the channel center  hc= the depth at the center bed region in stable condition,  y*=y/hc , y= the lateral coordinate taken from the channel centerline, B*=B/hc ,B =top channel width, (=tan(() submerged coefficient of friction of channel material, (= angle of repose of sand ,ω= ratio of lift and drag forces,  C5, C4, C2, a3, a2, a1, a0= the numerical coefficient determined by different functions in original paper.  
Figure 3 and 4 show the comparison between different models of calculation of stable cross section with the stable cross section simulated by the new model.  The main parameters are:  water discharge rate Q=350 m3/s, initial water depth h=8 m, d50=60 mm, (=40, initial longitudinal slope S=.0016)  

Table 1 shows percentage of deviation between the results computed by new model and by 7 other models.
Table 1- Percentage of deviation between the results computed by new model and by 7 other models.

	Method
	Parker
	Cao
	Diplas 90
	Pizzuto
	Diplas 92
	Diplas
 98
	Koopaei

	Deviation %
(=(( Z1-Z2)2/n*100
	32
	31
	9
	5
	8
	4
	9


Comparison between the essential parameters of stable channel computed by new model and model of Cao & Knight 
 Cao & Knight [18] studied relations between the essential parameters of stable channel, the height of water in the center of channel, hc, the wetted cross section, A, and the width on the surface of water, B.  Table (2) shows the comparison between the results obtained by new model and the results computed by the models of Diplas & Vigilar [9], Cao & KNIGHT [18] and Parker [2]. 
Table 2- comparison between the results obtained by new model and the results computed by 3 other models
	models
	hc/(((B)
	A/(B(hc)
	B((/hc

	DIPLAS (1992)
	0.24
	0.69
	4.78

	CAO  & KNIGHT(1997)
	0.25
	0.67
	4.00

	Parker(1978)
	0.32
	0.64
	3.14

	New Model
	0.25
	0.67
	3.93
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Figure 3- Comparison between the stable cross section calculated with new model and 7 other models for a regular section
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Figure 4- Comparison between the stable cross section calculated with new model and 7 other models for an irregular section 

Comparison with the experimental data of Stebbing
In a small flume, Stebbings [19] sent a discharge into a flatbed of sediments in order to form a stable channel. The comparisons for three parameters (top width cross section, area and centerline channel depth of the stable channel) showed that the calculated values are in satisfactory agreement with the experimental data. Figure 5 shows the comparison for top width of stable section.
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Figure 5- Comparison of top width of stable section
CONCLUSION
A numerical model that predicts the geometry of a stable channel has been developed. It is shown that there is close agreement between the results obtained by the new model and the works of Diplas & Vigilar, Babaeyan-Koopaei & Valentine. Also the comparison shows that there is good agreement between the results obtained by new model and the experimental data of Stebbing. Then this study shows that the accuracy of the model is sufficient. 
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