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Abstract: Based on the Ackers-White dependencies for determining sediment 

flow in stationary flows, a method for calculating sediment with an unsteady flow is 

proposed, taking into account the division of sediment into bottom and suspended, 

which relates to the calculation of sediment transport itself. 
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Gravity and friction forces are the main forces in the smooth flow of water in 

canals. 

The problem of physical modeling involves the development of a reduced scale 

of the phenomenon under study that provides a greater degree of similarity to what 

occurs in the model and in nature. In this case, the natural physical processes that occur 

in nature should also be observed in the model. 

One of the main requirements in the study of the plane movement of liquids is to 

ensure the mechanical similarity of the studied kinematic-dynamic phenomena. Also, 

mechanical similarity determines the geometric similarity of the event that occurs, and 

the physical similarity of the environment in which the event occurs should be taken 

into account in order to ensure similarity. 

In physical modeling, the processes studied in nature and in the model are 

represented by equations consisting of the same boundary conditions. Therefore, the 

dimensionless quantities in these equations must be the same in nature and in the 

model. 

is only under the influence of the same gravitational force F=mg , then the
 

similarity criterion 
𝑚𝑔𝑙

𝑚𝜗2
or 

𝑚𝑔𝑙

𝑚𝜗
takes the form 

Similar systems under the influence of gravity should have the same Froude 

number. From this condition the connection between speed and length scales 𝛼𝜗
2 =

𝛼ℓwill have an appearance. The system is affected by the internal friction forces of the 

liquid :𝐹𝑗 
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𝐹𝑗 = 𝜇
𝑑𝜗

𝑑𝑛
Ω, 

where 𝜇is the dynamic viscosity coefficient of the liquid;  Ω - surface;                            𝑛 

- perpendicular to the direction of speed. 

Similarity matching parameter 
𝐹

𝜇𝜗𝑙
or 

𝑙𝜗

𝜈
, 

here 𝜈 =
𝑚

𝜌
- and the scales 𝛼𝜗 ⋅ 𝛼ℓ = 𝛼𝜈are related to each other. 

The similarity of the friction force is ensured by the equal Reynolds numbers in 

the model and in nature: 

      
𝑅𝑒 =

𝜗ℓ

𝜈
= 𝑖𝑑𝑒𝑚.

    
(1) 

The similarity of the force of gravity is ensured by the equality of the Froude 

numbers in the model and in nature: 

      

𝐹𝑟 =
𝜗2

𝑔ℓ
= 𝑖𝑑𝑒𝑚.     (2) 

When using the equation (2.1), the geometrical similarities between natures and 

models should also be applied to the geometry of the roughness parameter. In practice 

, this requirement may not be met for possible model sizes due to laboratory technical 

limitations. Moreover, for the case of turbulent flow, the essence of equation (1) is 

violated, because the frictional stresses associated with laminar and turbulent motion 

are considered as two components. 

The process of modeling smooth motion in channels is based on the following 

three conditions: 

𝐹𝑟 = 𝑖𝑑𝑒𝑚;
𝐶 = 𝑖𝑑𝑒𝑚;
𝑖 = 𝑖𝑑𝑒𝑚.

}   (3) 

These provide modeling of both gravity forces (Froude number) and frictional 

forces (Reynolds number). 

It is of great interest to evaluate the effect of time-averaged flow characteristics 

and turbulence characteristics of open flows on viscosity in solving practical problems 

using hydraulic modeling. Among them, the coefficient of hydraulic resistance (or the 

coefficient of hydraulic friction) ranks among the first. This is because, on the one 

hand, they are often considered the subject of research, and on the other hand, in some 

cases, they can participate as connecting parameters between flow characteristics and 

Reynolds numbers. 

In the modeling of hydraulic phenomena under the influence of frictional 

resistance forces and gravity forces in the zone of square resistances, the following 

approach is taken:[1] 
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1. Taking into account the similarity of the geometric shapes, which ensures the 

equality of the relative shapes for the nature and the model, a model of the Uzan, which 

is similar in nature and the model, is built:[2] 
Δ𝑀/𝑅𝑀 = Δ𝐻/𝑅𝐻.   (4) 

2. At the end of the section to be modeled, where there is a smooth flow, and at 

the boundary sections at the beginning of the model, where there is a non-uniform state, 

the kinematic movement of the fluid corresponding to nature takes place. 

3. In the boundary section, additional conditions are created that ensure the 

equality of the Froude numbers for the model and the model. 

It is possible to start conducting experimental studies (experiments) by fulfilling 

these conditions, which ensure the dynamic similarity of flow in nature and laboratory 

conditions.[3] 

When choosing the geometric scale of the model, it is necessary to consider the 

following cases: 

- the possibilities of the laboratory for conducting experiments; 

- the requirement to ensure the similarity of height and width; 

- if the mode of movement of the fluid in nature is turbulent, then it must be 

turbulent in the model; 

- if in nature the turbulent motion is in the zone of square resistances, then in the 

model the turbulent motion should also be in the zone of square resistances. 

in small-scale modeling leads to serious errors. As the turbulent flow increases, 

the effect of the viscous force decreases. If the Reynolds number 

      
𝑅𝑒 =

𝜗𝑑

𝜈
> 𝑅𝑒𝑘𝑟.

    
(5) 

if there is, it is possible not to take into account the forces of cohesion. 

The process of modeling the water flow of deformable riverbeds is represented by 

the following parameters:[4] 

А = 𝑓(𝜌, 𝜇, 𝐷, 𝜌𝜌 , 𝑔, ℓ, 𝜗*),  
(6) 

where 𝜌and 𝜇 - the density and viscosity of the liquid; 𝐷and 𝜌𝜌- particle diameter and 

density; 𝑔 - acceleration of free fall; ℓ - characteristic length; 𝜗*- dynamic speed.[5, 6] 

If the onset of action is mainly in cases of suspended discharge, then𝑔 can be 

replaced by the specific gravity of water: 

𝛾𝑠 = (𝜌𝜌 − 𝜌)𝑔.     (7) 

This allows us to create a dimensionless relation: 

ПА = 𝑓 (
𝜗*𝐷

∂
, 𝜌

𝜗*
2

𝛾𝑠𝐷
,
𝜌𝑠

𝜌
,
ℓ

𝐷
).    (8) 

The first two parameters indicate the Reynolds number and the Shields parameter 

for the particle. 
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of a unidirectional flow with a flat bottom 𝜗*is defined as: 

     𝜗* = (𝑔𝑅𝑆)1/2,     (9) 

where 𝑅is the hydraulic radius. 

The following model scales can be derived from the dimensionless equations: 

𝑛𝜈 = 𝑛𝑆 = 1 
𝑛𝜗*𝑛𝐷 = 1,     (10) 
𝑛𝐷 ⋅ 𝑛𝛾𝑠 = 𝑛𝜗*

2     (11) 

      
𝑛𝜌𝑆 = 𝑛𝜌 = 1    

 (12) 

These equations ensure that the values obtained in nature and in the model fall at 

the same point of the Shields diagram, that is, the movement of fluids is set to take 

place in the model as it was in nature.[7] 

If 𝜌𝑠/𝜌the influence of If 𝜌𝑠/𝜌the effect of is large, then the model does not fit. 
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