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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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The following approaches are used to determine the movement of underground 

fluids: deterministic, probabilistic and the concept of riffle movement of fluids. 

In the deterministic approach, the motion of a homogeneous large lumped particle 

at the bottom of a plane flow is considered in the regime of quadratic resistances. the 

subsoil stress is assumed to be the basis for the discharge from the bottom of the bed. 

This parameter is direct or current in calculation formulas𝑢* = √𝑇0/𝜌в is entered 

through the magnitude of the dynamic speed. As a quantitative indicator of the driving 

force, the difference between these stress values at the beginning of the movement of 

the particle and the underlying effort stress is taken. In some cases, the difference in 

the test voltages is replaced by the difference in the vertical mean and flow velocities 

(𝑢0 − 𝑢н). In this case, the differences are the speed of subsurface particles,(𝑢0/

√𝑔𝑑ў𝑝) 
and size represents the number of particles involved in the movement. In other 

cases, the difference or dynamic speed and its ratio to the critical speed are considered. 

Also, underground discharge is one of the calculation methods, and the channel in 

the form of underground wave movement is a method of determining the amount of 

underground discharge. The movement of the underground formation in such a 

situation is considered to be smoothly variable, that is, all the static characteristics of 

the underground relief, in particular, its average height and the average length of the 

riffle, do not depend on time. 
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Considering the subsurface wave motion to be straight, we write the complete 

differential of the height of any point of the subsurface line at an instant: 

∂𝑧0 =
∂𝑧0

∂𝑥
𝑑𝑥 +

∂𝑧0

∂𝑡
𝑑𝑡     (1) 

Marking the height and moving along the bottom about this point,𝑑𝑧0 = 0 we will 

have: 
∂𝑧0

∂𝑥

𝑑𝑥

𝑑𝑡
+
∂𝑧0

∂𝑡
= 0.     (2) 

𝑧0 from the differential equation of the deformation written for the point, we have 

the following: 
∂𝑧0

∂𝑡
= −(1 − 𝜀) (

∂𝑞туб

∂𝑥
) 𝑧0,     (3) 

where is 𝜀the soil porosity coefficient. 

Substituting (3.30) into (3.29) and calling 𝑧0the point motion the velocity 

𝑑𝑥/𝑑𝑡 = 𝐶𝑍0 , we get: 

(
∂𝑞туб

∂𝑥
) = (1 − 𝜀)𝐶𝑍0

∂𝑧0

∂𝑥
 .    (4) 

Integrating (3.31), we get: 

𝑞туб = (1 − 𝜀)𝐶𝑍0𝑍0𝐹(𝑡) .    (5) 

𝐹(𝑡) = 0, 𝐶𝑍0 = 𝐶гр = 𝑐𝑜𝑛𝑠𝑡, assuming that we get the following: 

𝑞туб = (1 − 𝜀)𝐶гр𝑍0.     
(6) 

Integrating the equation (3.33), we get the equation that determines the average 

flow rate along the grid length: 

𝑞туб = (1 − 𝜀)𝐶гр𝑍0    (7) 

here 𝐶гр, ℎгр- the speed and height of the movement of gradations, respectively; 𝜎 =

𝜔гр/ℎгрℎ𝑐р- coefficient that takes into account the completeness of the wave profile. 

In many cases (1 − 𝜀)𝜎 ≈ 0,5it is accepted that. Taking this into account, we 

write (3.33) in the following form: 

𝑞туб = 0,5𝜌н𝐶грℎгр   
(8) 

Therefore, it is necessary to determine the height of underground streams and their 

movement speeds when calculating the specific consumption of groundwater. 

In the first chapter, we touched upon the existing calculation methods for 

determining the transport of groundwater. Based on the analysis of these methods, we 

have shown the advantages of the Van-Ryn method over other proposed methods. For 

this reason, this method was chosen in the improvement of the method of calculating 

the transport of sediments in large soil channels. According to this method, 
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underground fluids move along the subsurface in a vibrational and saltatory manner. 

The specific flow of groundwater is determined by the following equation: 

𝑞туб = 𝑢𝑏𝐶𝑏𝛿𝑔    (9) 

here 𝑢𝑏is  the speed of particles of underground fluid; 𝛿𝑔-saltation movement height; 

𝐶𝑏- volume concentration of the particle. 

𝑢𝑏𝐶𝑏𝛿𝑔Expressions for discrete particles above a flat surface representing the 

balance force acting on the moving particle are obtained based on the numerical 

solution of the equation of motion: resistance and gravity forces, particle acceleration 

and lifting forces. The connection obtained as a result of the numerical solution is 

presented as follows: 

{𝑢𝑏𝐶𝑏𝛿𝑔} = 𝑓𝑐𝑡{𝐷*𝑇}    
(10) 

The main principles of the method are reflected in the following forms: 

𝐷* = 𝑑ў𝑝 [
(𝑆−1)𝑔

𝜈2
]
1/3

    

 (11) 

𝑇 =
(𝑢*

′ )
2
−(𝑢*𝑘𝑝

′ )
2

(𝑢*𝑘𝑝
′ )

2

     

 

(12) 

where 𝜈 -fluid kinematic viscosity coefficient; 𝑈*
′-Unbound dynamic speed;          𝑈*𝑘𝑝

′ -

The dynamic speed of the start of fluid movement, determined from the Shields curve. 

In order to facilitate the determination of the dynamic speed of the onset of the 

movement of the primary fluid, Shields approximates his proposed curve graph in the 

following form: 

     
(𝑢*

′ )2 = 𝜃𝑘𝑝(𝑆 − 1)𝑔𝑑ў𝑝   

 (13) 

where the θ – Shields parameter is defined as follows: 

𝐷* ≤ 4бўлганда𝜃𝑘𝑝 = 0,24(𝐷*)
−1;

4 < 𝐷* ≤ 10бўлганда𝜃𝑘𝑝 = 0,14(𝐷*𝑖)
−0.66;

10 < 𝐷* ≤ 20бўлганда𝜃𝑘𝑝 = 0,04(𝐷*𝑖)
−0.1;

20 < 𝐷* ≤ 150бўлганда𝜃𝑘𝑝 = 0,013(𝐷*𝑖)
0.29;

𝐷* > 150бўлганда𝜃𝑘𝑝 = 0,055. }
 
 

 
 

  

 

(14) 

Based on the numerical solution, the author proposed the following connections 

for determining the relative flow rate: 

𝛿𝑏 = 0,3𝑑ў𝑝𝐷*
0,7𝑇0,5

    

 
(15) 
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𝑢𝑏 = 1,5[(𝑆 − 1)𝑔𝑑ў𝑝]
0,5
𝑇0,6

   

 
(16) 

𝐶𝑏 = 0,117𝑇/𝐷*     (17) 

𝑞туб = 0,053[(𝑆 − 1)𝑔]
0,5𝑑ў𝑝

1,5𝑇2,1/𝐷*
0,3

.   

 (18) 

Van - Reyn based on the results of experimental research with Engelund Hansen, 

Ackers - White and Meyer - Peter - Muller methods are included in table 3.6 . 

The following parameter was adopted as a quantity representing the degree of 

compatibility of accounting data: 

𝑅 = (𝑞туб)хис
/(𝑞туб)хак

 .    (19) 

Table 1 defines the following methods with Roman numerals: 

I- Van Rijn; II- Engelund Hansen; III- Akers-White; IV- Meyer-Peter-Muller. 

Table 1 

Engelund Hansen, results of comparison with Ackers-White, Meyer-Peter-

Muller methods 

 

Number of 

tests 

Change 

range 

0,75 ≤ 𝑟 ≤ 1.5 0,5 ≤ 𝑟 ≤ 2 0,33 ≤ 𝑟 ≤ 3 

I II III IV I II III IV I II III IV 

m/s m 
m

m 
0 S % 

5
8
0

 

0
.3

-1
.2

9
 

1
-1

0
 

0
.3

2
-1

.5
 

8
-3

4
 

4
2

 

4
3

 

4
8

 

2
3

 

7
7

 

7
6

 

7
7

 

5
8

 

9
3

 

9
0

 

9
2

 

7
6

 
 

The purpose of this study was to investigate the movement and transport of 

groundwater in trapezoidal channels. As we explained above, in the development of 

the trapezoidal channel groundwater calculation method, the goal was to improve the 

Van-Reyn calculation method, which, in our opinion, has more priority aspects than 

other calculation methods. This method was developed by the author on the basis of 

the data of his experimental studies in very wide valleys. And we use this method in 

trapezoidal channels with ground. 

For this purpose, laboratory studies were conducted in the laboratory of the Karshi 

Institute of Engineering and Economics. The procedures and methods of conducting 

laboratory experiments are described in detail. 

Side slopes constructed of sand (average diameter) in a metal tray in the 

laboratory𝑑 = 0,25𝑚𝑚 т = 2,0; 2,5; 3,0; 3,5. 4 series of experiments were conducted 

on the trapezoid channel model. The duration of the experiments was 5-6 hours. At the 
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end of the experiment, the weight of the effluent washed from the channel model and 

collected in the pool 𝐺was measured using a weight measuring device. In addition, the 

cross-sectional profile of the channel was measured. In the course of the experiments, 

it was shown that the movement of groundwater, like the researches on washing of the 

stream, first begins at the intersections with the bottom and side slopes of the channel. 

As a result of this, the channel's side slopes were slowly destroyed and the intensive 

flow of water began. 

the experimental data of the laboratory experiments conducted on the study of the 

base discharges with the values calculated according to the formula of Van-Reyn, it is 

seen that the data values obtained in the laboratory conditions are slightly larger The 

existence of this difference may depend on the trapezoidal shape of the section, the 

friction along the perimeter of the wetting, the slopes of the side of the channel and 

other factors. 

𝜒/𝐵 we believe that the ratio of the wetting perimeter to the width of the upper 

surface of the stream has a significant impact on the process of underground and 

suspended solids transport. Based on this (18), 𝜒/𝐵we introduce the coupling ratio, 

and the coupling takes the following form for trapezoidal channels: 

𝑞туб = 0,053𝜒/𝐵[(𝑆 − 1)𝑔]
0,5𝑑ў𝑝

1,5𝑇2,1/𝐷*
0,3

  

 
(20) 

This𝜒/𝐵 the ratio directly involves the coefficients of the side slopes of the 

trapezoidal channel. 

The obtained experimental data were advanced by us during statistical 

processing𝜒/𝐵 the correctness of the hypothesis that the ratio of the wetting perimeter 

to the width of the upper surface of the stream has a significant effect on the process of 

transport of underground and suspended solids has been proved. 

(20) for the complete consumption of groundwater in the conditions of trapezoidal 

channels takes the following form: 

𝑄туб = 0,053𝜒[(𝑆 − 1)𝑔]
0,5𝑑ў𝑝

1,5𝑇2,1/𝐷*
0,3

   ( 

21) 

Also , when the values calculated according to the formula (20) were compared 

with the values calculated according to the formulas of Van-Reyn, Hansen and Akers 

- White, it was seen that they are closely related. 

Therefore, taking into account the above-mentioned characteristics of 

groundwater flow in trapezoidal channels with unbound soil, the recommended 

connections can be used to predict flow transport in channels.
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