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ABSTRACT 

A variety of grids and lattices that occur in different spheres of practical activity requires detailed study.  
The presence of these devices leads to additional resistance and energy losses during their flow.   The paper 
discusses a flat plastic perforated mesh with different degree of permeability at the outlet of the pipeline.  The 
coefficients of grid resistance were determined experimentally. The effect of grids on the total head loss were 
established through the presence of resistance coefficients volume method at fixed pressure: we determined the 
flow at the exit of the horizontal pipe of constant cross section, the end of which was mounted the investigated 
grid.  To precise definition, the obtained values along with the experiments on the measurement of costs used a 
method of determination using piezometers: according to the length of the flow part were installed piezometers 
and the values of the coefficients of resistance were established on the basis of differential pressure.   The 
identity of the two methods of determining the resistance coefficients is shown, in terms of flow rate and pressure 
drop on the grids.   The effect of grids on the capacity of the pressure pipeline has been established: the 
replacement of the flow part does not affect to the numerical values of resistance coefficients of the grids.   The 
dependence of the relative flow rate in the pipe on the surface porosity of the grids is obtained; this dependence 
gives a qualitative estimate of the reduction in the capacity of the pipe in the installation of meshes. The 
experimental data for constructing this dependence agree with the calculations for the approximating dependence 
established earlier.  The transition from resistance coefficients to filtration coefficients and permeability of the 
pipeline with grids is suggested, because it is more convenient in practical calculations by characteristics.  Graphs 
of the permeability coefficients dependence, related to the pipe cross-section area, and the filtration coefficients 
on the surface porosity of the grids are given. The proposed dependencies are linear functions of the surface 
porosity. 
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1. Introduction 
Grids and lattices in liquid or gas streams are found in pipelines and other elements of systems and 

structures in water supply, construction, ecology, engineering, metallurgy and other fields. The choice of the type 
and design of the grid is determined by its purpose and operating conditions. In this case, grids differ in material, 
configuration, geometry of cells and technology of their manufacture [1-3].  

The main task in the calculation of systems and structures equipped with grids is to determine the 
resistance coefficients of these devices and to estimate their contribution to total head losses [4-12]. The value of 
the hydrodynamic resistance is of great importance in the design and construction of a various hydraulic 
structures, power plants (turbine, compressor, pumping), apparatus and manifolds for various purposes. Grids are 
installed to regulate the turbulent flow in the pipes (in order to suppress or increase the turbulence of the liquid or 
gas in the flow). It is their hydrodynamic resistance that determines the flow regime passing through such a 
hydro-irrigation device. The formation of vortex regions, velocity drops and the energy of a moving stream are 
also related to the resistance coefficient [13]. 

The flow pattern of a liquid or gas through a grid is extremely complex and is determined by many factors, 
so an accurate hydromechanical estimate of head losses and calculation of the resistance coefficients is 
impossible. Their values are established, as a rule, by experience [14-18]. The dependence of the resistance 
coefficients of grids and lattices on geometric features and flow conditions was studied, for example, in [19-28]. 
As the review of the literature shows for some practical problems by different authors, independently of each 
other, obtained results give good agreement in these experiments and in calculations on the recommended 
empirical dependences [16, 17, 29]. Recommendations were developed on the choice of optimal formulas for the 
calculation of hydraulic resistances, for the choice of structures and geometric characteristics [14, 15]. On the 
contrary, no information on the systematic study of the resistance coefficients of perforated nets and grids has 
been found in the literature [11]. Resistance was studied depending on the Reynolds number, on the filling of the 
gratings, and on the ratio of the relative thickness of the gratings to the diameter of the holes. The authors 
concluded that the coefficient of resistance of perforated nets is higher than that of two-plane and braided grids, 
and empirical dependence is recommended. 

From the analysis of the literature it follows that the question of the resistance of lattices and grids is at the 
moment no less relevant than several decades ago [11, 12]. This is due not only to the emergence of new 
practical tasks, but also with the use of new materials and the introduction of modern technologies in production. 
In this case, the contribution of each new factor to the total resistance of the grid can be established by special 
experimental studies. 

In this paper, we discuss the results of hydraulic tests of perforated plastic grids installed at the end of the 
water pressure main with a free flow out of it. The experiments are the continuation of the experiments, the results 
of which are discussed in [30]. The studies were carried out on an expanded range of grids of different degrees of 
perforation with the replacement of the flowing part of the water conduit at the same ratio of length to 
diameter ( 20=Dl / ). 

The aims of the work is to clarify the dependencies, compare with the values obtained in the studies [30], 
test another method for determining the coefficient of resistance and matching of the results. 

To achieve these aims, it need to decide the following objective: 
- determination resistance coefficients of the grid on the basis of measuring the flow and comparing them 

with the values found in the experiments [30]; 
- determination dependence of the relative flow rate in the pipe line with the grids on their surface porosity 

and comparison of the results with the approximation line proposed in [30]; 
- determination resistance coefficients of the grids by differential pressure on the corresponding devices 

and comparison their values with the series data of experiments on the flow; 
- establishment a connection between pressure losses and filtration flow characteristics by introducing 

permeability coefficients of nets. 

2. Methods 
The first series of experiments on the measurement procedure coincided with the system adopted in [28], 

where the flow rate at the outlet from a horizontal pipeline of constant cross section was determined by a 
volumetric method at the fixed heads, at the end of which the investigated grids were installed (Fig. 1). At the 
same time, the flowing part of the water conduit, used in [28], was replaced, with the ratio of length to diameter 
remaining. 

In order to refine the с
ζ  values, in addition to the experiments on measuring costs, another method for 

determining the resistance coefficients was also used, for example, in [1, 4-6,16]. Piezometers were installed 
along the length of the flow-through part. Measuring the pressure drop directly on the grid, the values of the 
resistance coefficients were calculated from the formula 
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where p - excess pressure in front of the grid, - average speed in the pipeline. The data of this series 
of experiments are plotted in Fig. 4. 

 
Figure 1. Grid samples and flow pattern 

3. Results and Discussion 
Plotting the graph (Fig. 2) based on the results of the 1 range experiments, which shows the dependence 

of the tensile resistance coefficients с
ζ  on their surface porosity 

0

п

ω
ω

ω =n  (
п

ω - is the total area of the grid 

holes (lumen area), 0ω - is the cross-sectional area of the tube). On the graph, the markers indicate the 

experimental points, and the data obtained in the experiments of [28] are represented in the form of an 
approximation line. 

 

Figure 2. The plot of 
)(

с ωζ nf=
 (a series of experiments on the flow rate in the pipe) 

(markers are experimental points on a new water conduit, continuous thick line- approximation of 
experimental values on an old water conduit [28]). 

As can be seen from Fig. 2, the experimental values of the resistance coefficients of the current obtained in 
the conditions of the new flow part are well approximated by the dependence 

( ) )( .
с

113 61 −= ωζ n  
(2) 

proposed in [27]. Thus, it can be argued that the numerical values of the resistance coefficients depend 
only on the geometric features of the mesh (surface porosity, the number of holes, their mutual arrangement, etc.) 
and are not characteristics of the inner surface of the flowing part. The spread of the experimental points in Fig. 2 
for the same surface porosity shows the influence of the number of holes and their mutual arrangement within the 

cross-section of the grid (at ωn = const several grids were investigated). 



 
Строительство уникальных зданий и сооружений, 2017, №11 (62) 

Construction of Unique Buildings and Structures, 2017, №11 (62)  
 

 

63 
Loktionova E.A., Polupanov J.R., Latukhina A.I. The pressure loss and the filtration coefficients in pipelines with grids / Локтионова Е.А., 
Полупанова Ю.Р., Латухина А.И., Потери давления и коэффициенты фильтрации в трубопроводах с сетками © 

In the graph of Fig. 3 shows the dependence of the relative flow rate in the pipe with the grids on their 
surface porosity 

0c QQ =f( ωn ), 

 

Where cQ - the flow rate in the pipe in the presence of a grid, 0Q - the flow rate in a pipe without a grid, 

previously established experimentally according to the method described above, with the same head at the center 

of the outlet cross-section of the pipe as cQ . The solid line is constructed taking into account the approximation 

(1), i.e. 
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Where с
µ and 0µ  - the coefficients of flow of the pipeline in the presence of a grid and without it, 

respectively, 0ζ - the experimental coefficient of resistance of the pipe without a grid. 

 

Figure 3. Dependency graph 0c QQ
=f( ωn

), 

Fig. 3 demonstrates a qualitative assessment of the reduction in pipe capacity when using devices (nets) of 
a particular configuration. For example, from Fig. 3 it can be seen that the installation of a grid with a surface 

porosity equal to ωn =0.3 will result in a decrease in the flow rate in the pipeline by approximately two times. 

 
 

Figure 4. Dependency graph 
)(с ω=ζ nf

 

(A series of experiments on pressure drop on grids) 
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Comparison of Fig. 2 and 4 shows that the resistance coefficients found from the flow and from the 
differential pressure coincide with an acceptable sin. In such circumstances, it is not recommended to use to 
establish a reliable confidence interval of measurements of the density distribution Gaussian. A similar situation is 
observed in [5], which carried out a systematic study of perforated grids, and to reduce the scatter of experimental 
points in the presentation of the results of the measurements were used the methods of similarity theory. The 
noticeable scatter of the points were in the work [33]. 

Based on the measurement data, it is possible to represent the fluid flow in a pipeline whose hydraulic 
characteristics are determined mainly by the presence of a grid at the outlet of it (or in its other part) as a filtration 
flow. Then the average velocity in the tube will be interpreted as the filtration rate, determined by the relation 

Jk=0v  (4) 

where - the coefficient of filtration, - the hydraulic gradient. 
Equation (4) is the law of turbulent filtration [31, 32]. 
Since for is also true 
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where Н  is the head over the center of the outlet section of the pipeline, then, equating (4) and (5), we 
obtain 
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The substitution in (6) of the hydraulic gradient 
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- a constant value for a pipe with a fixed mesh, which has a speed 

dimension. 
Fig. 5 represents the relationship between the filtration coefficients and the surface porosity of the grids in 

accordance with (7), where the coefficient сζ  is determined by formula (1). 

 
 

Figure 5. Graph of the dependence of the filtration coefficients 

from the surface porosity of the nets )( ω= nfk  
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According to the definition in the theory of filtration [31, 32] if we introduce into the calculated dependence 

(7) instead of the filtration coefficient k  the coefficient of permeability of the grid 
g

kk
ν=0 , where ν is the 

kinematic coefficient of viscosity of the liquid, the resulting complex will have the area dimension. In this case, 0k  

is the value of the cross-sectional area of the channels of the porous medium, i.e. The area through which the 
actual filtration takes place (in our case, the area of the grid holes). Thus, the permeability coefficient can be 
interpreted as a measure of the filtration conductivity of a pipeline with a grid. 

In Fig. 6 is a graph of the permeability coefficients related to the cross-sectional area of the pipe from the 
surface porosity of the grid. 

Comparing Fig. 2 and 6 (or 4 and 6), it is easy to see that when changing from the resistance coefficients  

сζ  to the permeability coefficients of the grids 0k , the proposed dependence (1) becomes a linear function of the 

surface porosity, where ( ) ωω nkk ⋅≈⋅= − 210 5
00/'   is the dimensionless coefficient. 

 
Figure 6. Graph of dependence of permeability coefficients 

from the surface porosity of the nets 
)(/ 00 ωω nfk =

 

Coefficient 2 is approximate, and the values of 'k  for the same ωn  depend on the number of grid 

apertures and their relative position along the cross-section, but the scatter of the points in Fig. 6 for a fixed 

porosity is much smaller than in Fig. 2 (or 4). Thus, the parameter 0k  can be considered more convenient and 

universal characteristic of a perforated grid. 
In this paper following results have been received: 

1. Replacement of the flow part does not affect the numerical values of the grid resistance 
coefficients in comparison with [28]. 

2. Dependence of the relative flow rate on the surface porosity in the tube with the mesh gives a 
qualitative estimate of the reduction in the throughput capacity of the pipe when installing grids. 
Experimental data for constructing this dependence agrees with the approximation proposed 
in [28]. 

3. Determination of the coefficients of resistance of the nets by the flow rate and by the pressure 
drop are equivalent. 

4. The coefficient of permeability is a measure of the filtration conductivity of a tube with a grid and is 
more convenient in practical calculations than in comparison with the coefficients of resistance. 
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4. Conclusions 
The installation of perforated grids and lattices leads to additional head losses, so an important task is to 

determine the values of the resistance coefficients, and two methods can be used: depending on the flow rate 
and the pressure drop. 

The use of grids significantly reduces the capacity of such pipelines, a qualitative assessment of this will 
help the dependence of the relative flow rate on surface porosity. 

In some cases it is more convenient to use the permeability coefficient as a measure of the filtration of a 
pipeline with a grid than the coefficient of resistance. 
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КЛЮЧЕВЫЕ СЛОВА
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коэффициент фильтрации; 
коэффициент проницаемости; 

АННОТАЦИЯ 

Многообразие сеток и решеток, встречающихся в разных сферах практической деятельности, 
требует их детального исследования. Наличие этих устройств приводит к дополнительным 
сопротивлениям и потерям энергии при их обтекании.  В работе рассмотрены плоские пластиковые 
перфорированные сетки разной степени проницаемости на выходе из трубопровода.  Экспериментально 
определены коэффициенты сопротивления сеток. Влияние сеток на общие потери напора 
устанавливалось через нахождение коэффициентов сопротивления объемным способом: при 
фиксированных напорах определялся расход на выходе из горизонтального трубопровода постоянного 
сечения, в конце которого устанавливались исследуемые сетки. Для уточнения полученных значений 
наряду с опытами по определению расходов использовался способ измерения с помощью пьезометров: 
по длине проточной части устанавливались пьезометры и значения коэффициентов сопротивления 
устанавливались исходя из перепада давления. Показана тождественность двух способов определения 
коэффициентов сопротивления – по расходу и по перепаду давления на сетках.  Установлено влияние 
сеток на пропускную способность напорного трубопровода: замена проточной части не влияет на 
численные значения коэффициентов сопротивления сеток.  Получена зависимость относительного 
расхода в трубе от поверхностной пористости сеток, эта зависимость дает качественную оценку снижения 
пропускной способности трубы при установке сеток. Опытные данные для построения этой зависимости 
согласуются с расчетами по аппроксимирующей зависимости, установленной ранее.  Предложен переход 
от коэффициентов сопротивления к коэффициентам фильтрации и проницаемости трубопровода с 
сетками, так как последние являются более удобными в практических расчетах характеристиками. 
Приводятся графики зависимости коэффициентов проницаемости, отнесенных к площади сечения трубы, 
и коэффициентов фильтрации от поверхностной пористости сеток. Предложенные зависимости являются 
линейными функциями от поверхностной пористости. 
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