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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 ( 1/ D =20).

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 Zc 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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I
= P7 PP (1)
c 2 / 2 /
Vg 29 Vg 2
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.

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 ¢, on their surface porosity n,, =—= (aﬁ— is the total area of the grid

holes (lumen area), (- 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.
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Figure 2. The plot of ZC (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

. 2

e =3((In,)"° -1) @

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 N,,= const several grids were investigated).
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In the graph of Fig. 3 shows the dependence of the relative flow rate in the pipe with the grids on their

surface porosity
Qc/QO =f(Ny),

Where QC- the flow rate in the pipe in the presence of a grid, QO' 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 QC. The solid line is constructed taking into account the approximation

(1), i.e.
:&: 1+ZO = 1+Z0 ©
/Q Ho \/1+Zo +{o \1+7o +3((1n,,)"8 1)

Where [ and [y - the coefficients of flow of the pipeline in the presence of a grid and without it,

respectively, ZO' the experimental coefficient of resistance of the pipe without a grid.
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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 N,,=0.3 will result in a decrease in the flow rate in the pipeline by approximately two times.

Figure 3. Dependency graph
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Figure 4. Dependency graph ZC = f (n(,o)

(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

Vg = k\/j (4)

where k. the coefficient of filtration, J. the hydraulic gradient.
Equation (4) is the law of turbulent filtration [31, 32].

Since for is also true
1
Vo = 4 4/29H :W@ZQDH )
0 c

where H is the head over the center of the outlet section of the pipeline, then, equating (4) and (5), we
obtain

2gH
M. L/20H =k/J Mnmk:% (6)

The substitution in (6) of the hydraulic gradient J :p?/y (5— the thickness of the grid) leads to the

expression for k

k:ﬂcm\/zgm@:\/ 2gH D :\/ 2900 D\/H _colH -
p/y (1+do+{ )y N+ +4) \p/y p/y
_\/ 29[ _\/29@ o |
where C = = - a constant value for a pipe with a fixed mesh, which has a speed
(1+Jo+{0) c
dimension.

Fig. 5 represents the relationship between the filtration coefficients and the surface porosity of the grids in
accordance with (7), where the coefficient ¢, is determined by formula (1).
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Figure 5. Graph of the dependence of the filtration coefficients

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

v
(7) instead of the filtration coefficient k the coefficient of permeability of the grid ko =K—, where v is the
g

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

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

{_. to the permeability coefficients of the grids kO , the proposed dependence (1) becomes a linear function of the
surface porosity, where k'= (ko/awyp )10 ~° = 2[h,, is the dimensionless coefficient.
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Figure 6. Graph of dependence of permeability coefficients

from the surface porosity of the nets kO/a‘O = f(nCU)

Coefficient 2 is approximate, and the values of k' for the same N, 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 kO 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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AHHOTALINA

MHoroo6pasne ceTok M peLleToK, BCTPeYarLmuxcss B pasHbiX cdepax MNpakTUY4eCcKon OesTENbHOCTMH,
TpebyeT wux [JeTanbHOrO UCCNedoBaHus. Hanuvume STuUX YCTPOWUCTB NPMBOAUT K  AOMOMHUTENbHBIM
COMPOTUBMEHUAM W NOTEPAM 3Heprum npu ux obtekaHun. B paboTe paccmoTpeHbl NNOCKMe MNNacTUKOBbIE
nepdopuUpoBaHHbIE CETKM Pa3HOW CTeneHu NPOHULIAEMOCTI Ha Bbixode u3 TpybonpoBoaa. JkcrnepumMeHTanbHO
onpeferneHbl  KO3IMULMEHTbI CONPOTUBREHMS CceTOoK. BnuaHue cetok Ha ob6wwue notepu Hanopa
yCTaHaBnMBarnocb 4Yepe3 HaxoxaeHwe Ko3I(PUUMEHTOB COMNPOTUBMEHUS OOBbEMHbBIM CMOcoOBoM: npwu
PUKCUPOBAHHbLIX HaMopax Onpefensncd pacxof Ha BbIXOAe M3 ropm3oHTanbHOro Tpybonposoga MOCTOSIHHOMO
CeYeHusi, B KOHLE KOTOPOro ycTaHaBMnMBanuCb uccrnegyemble CeTkW. [ns YTOYHEHMSI MOMyYeHHbIX 3HaYeHwui
HapsiAy C OonbITamMu MO OnpefeneHuo PacxodoB MUCMNOMb30oBancs cnocob M3MepeHust ¢ NOMOLLLI0 NMbe30METPOB:
Nno AfMHE NPOTOYHOW YacTu yCTaHaBNMBANUCb NbE3OMETPbl U 3HAYeHUs KOI(PMULMEHTOB COMPOTUBIIEHNS
yCTaHaBnMBanucb ncxods u3 nepenaga gasrneHus. [NokasaHa TOXAECTBEHHOCTb ABYX CnocoboB onpedeneHus
KO3 PMLMEHTOB CONPOTMBIIEHMS — MO pacxody W No nepenagy OaBMeHMs Ha CeTKax. YCTaHOBMEHO BIMSIHWE
CETOK Ha MpOMYCKHYI0 CMNocobHOCTbL HanopHoro TpybornpoBoda: 3amMeHa NPOTOYHOW 4acTM He BNWUSET Ha
YNCNEHHbIE 3HayeHus1 KO3(PUUMEHTOB COMNPOTUBMEHUA CeToK. [lonydyeHa 3aBMCMMOCTb OTHOCUMTENBHOMO
pacxofa B Tpybe oT NOBEPXHOCTHON NOPUCTOCTU CETOK, 3Ta 3aBUCMMOCTb AaeT KaYeCTBEHHYIO OLIEHKY CHUXKEHUS
NPONyCKHOM CNOCOBHOCTUN TPYBbI Npy ycTaHOBKE CeTOK. OnbITHbIE AaHHble NS MOCTPOEHUS 9TOM 3aBUCUMOCTU
cornacylTcs ¢ pacyeTamu no annpoKCUMUPYHOLLEN 3aBUCUMOCTMW, YCTAaHOBNEHHOW paHee. [lpeanoxeH nepexon
OT KO3(PPULMEHTOB COMPOTUBNEHUS K KO3bULMEHTaM unbTpaumm M npoHuLaeMmocTn Tpybonposoga C
ceTkamu, Tak Kak nocrnegHve sasnsawTca 6ornee yaobHbIMM B MpakTUYECKUX pacyeTax XapakTepucTuKamu.
MpuBogATCA rpacunkm 3aBUCUMOCTU KOI(PPULNEHTOB NPOHMLLIAEMOCTN, OTHECEHHbIX K Nnowanun cevyeHus Tpyobl,
N KO3hPUUMEHTOB (hmnbTpauumn OT NOBEPXHOCTHOW MOPUCTOCTMN CETOK. [peanoXKeHHble 3aBUCUMOCTU ABMAAI0TCSA
JNIMHENHBIMU (PYHKLNAMM OT MOBEPXHOCTHOM MOPUCTOCTM.
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