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Purpose. Experimental verification and refinement of methodology for calculating the hydraulic resistance coefficient of
meshes with micron-sized square cells for the case of deformed meshes cell whose shape differs from a square shape.

Methodology. To achieve the goal of the research, the experimental method is used. The theoretical value of the hydraulic resis-
tance coefficient of the deformed mesh is determined based on the obtained mathematical model of the deformed mesh cell. The
values of pressure losses on the meshes and their hydraulic resistance coefficients are determined using experimental blowing of the
mesh samples with air. The type of empirical coefficient is determined by comparing analytical calculations and experimental results.

Findings. The values of hydraulic pressure losses are experimentally determined depending on the flow rate for various types of
meshes with different values of the wire weave angle.

Originality. It was found that the values of the coefficient of hydraulic resistance of deformed meshes are less than those of
undeformed ones for the same values of the mesh open area ratio. This is indicative of the influence of the cell shape not only due
to the change in the mesh open area ratio, but also due to the nature of the flow around the mesh fibers when its shape changes
from square to diamond. The experiments proved that this effect is observed when the wire weave angles are less than 80° and can
be taken into account by the empirical shape factor. The type of dependence of the shape factor on the wire weave angle has the
form of a 3’7 degree polynomial function.

Practical value. By the deforming of mesh weave structure it is possible to reduce its hydraulic resistance coefficient compared
to the undeformed mesh having the same open area. The analytical method for calculating the hydraulic resistance coefficient of
deformed meshes depending on the wire weave angle is refined using the obtained dependence for the shape factor. The methodol-
ogy consists in the multiplication of the hydraulic resistance coefficient, that is calculated on the basis of the dependences for un-

deformed meshes, by the value of the shape factor, that depends on the wire weave angle.
Keywords: mesh weave structure, wire weave angle, coefficient of hydraulic resistance

Introduction. Metal woven meshes with square cells are
used in many technical devices for various purposes, such as
liquid or gas filters [1], particulate separators [2], mixers [3],
heat exchangers [4], as well as capillary phase separators [5]. An
important area of the use of woven metal meshes with micron
cells is their use as components of liquid acquisition devices in
the systems for providing multiple launch of a spacecraft liquid-
propellant rocket engine. Due to surface tension forces such
phase separators hold at the entrance to the propellant manage-
ment device the part of the fuel necessary for its launch [6].

The main hydrodynamic characteristics of the mesh are
the hydraulic resistance coefficient and bubble point pressure
[7]. One of the important characteristics of the mesh is the
filtration rating, which determines the maximum size of solid
particles that can penetrate through the mesh, which is impor-
tant for the design of filter devices [8].

Metal woven meshes with square cells of plane (Fig. 1, a)
and twill weaving (Fig. 1, b) have a complex spatial structure.
The main geometric characteristics of the meshes are the mesh
open area b, and the wire diameter 4. In addition, the charac-
teristic dimensions of the mesh are determined by its projec-
tion onto the plane.

For hydraulic devices, it is important to minimize the fric-
tion factor of the mesh elements in their composition, since
the smaller the hydraulic pressure loss, the better the charac-
teristics of the entire device and less energy loss. Minimum
friction factor will have meshes with a maximum open area
ratio f, and, as a result, the maximum value of the opening size
b, [9]. However, the larger mesh opening size b,, the lower the
value of bubble point pressure, which worsens the characteris-
tics of the mesh as a phase separator [7].

Thus, the optimization of the design of mesh devices in
order to reduce the value of their flow friction factor with a
satisfactory value of bubble point pressure is an urgent task.

One of the promising methods for optimizing the hydrody-
namic characteristics of metal meshes with square cells of plain
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and twill weaving is the deformation of their weaving structure.
In this case, the wire weave angle of the mesh is changed pur-
posefully and, as a consequence, so are the cells shape, geo-
metrical dimensions and the open area ratio [10, 11].

Literature review. A lot of papers have been devoted to the
study of friction factor of metal woven nets of various types.

In [12], the hydraulic losses of static pressure on various
types of woven meshes of plain and twill weaving were experi-
mentally and numerically studied. During the study, an experi-
mental setup operating in atmospheric air as a working fluid
was used. However, the influence of deformation of the mesh
wires on its friction factor was not considered in the study.

In [13], it was numerically studied how the geometric
characteristics of the meshes and the structure of its weaving
influence the hydraulic pressure loss on the mesh and the fric-
tion factor. In this work, this influence was taken into account
only by means of the mesh porosity parameter, and only in-
dustrially fabricated undeformed meshes were studied.

In [14], the influence of mesh on the parameters of a gas flow
through it was considered. In this paper, the meshes with square
cells of large sizes were considered. The paper also presents the
empirical dependences of the meshes friction factor, taking into
account their open area ratio which can be used to estimate the
effect of shape changes in the mesh cell on the friction factor.

In [15], the influence of the type of mesh on the magnitude
of acoustic vibrations arising during the flow of air through it
was studied numerically. Also, the paper presents the depen-
dencies for taking into account the influence of the mesh open
area ratio on its flow friction factor. In this work, the meshes
with square cells of large sizes were studied.

In [9], some experimental data on the studies of industrially
manufactured meshes with plain square mesh and very tightly
woven weaves (dutch type) was summarized. Empirical depen-
dences are presented for determining the friction factor of such
meshes. However, in this work, the deformed meshes with the
cell shapes different from the square shape were not considered.

In [16], the generalized results were presented of a large
number of experimental studies on the flow friction factor of
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Fig. 1. Geometric parameters of metal mesh with square cells of
plain (a) and full twill (b) weaving

plain weaving metal meshes as well as the empirical depen-
dences for various types of meshes. However, all empirical de-
pendencies are given for undeformed meshes.

The handbook [17] summarizes the results of many studies
to determine the hydraulic resistance of various devices, in-
cluding woven metal meshes. The presented dependences
were obtained for undeformed meshes, but they allow taking
their open area ratio into account.

The influence of the wire weave angle of deformed meshes
on their hydrodynamic characteristics was analytically studied
in [10, 11].

In [10], it is proposed to take into account the mesh wire
weave angle by changing the open area ratio as a result of defor-
mation of the structure of its weaving with the use of the de-
pendences to determine friction factor of undeformed meshes.

In [11], the results of analytical calculations of the flow fric-
tion factor and bubble point pressure for some types of deformed
meshes were presented, and the possibility of using devices
based on them in rocket and space technology was analyzed.

However, in the last two papers, the influence of the
change in a cell shape from square to rhombic one on the flow
parameters of liquid and gas flow through the mesh was not
taken into account. Also, the results of analytical calculations
at the present moment are not confirmed by experiments for
deformed meshes.

Thus, it can be noted that the studies aimed at determining
the flow friction factor for various types or metal woven mesh-
es under various conditions are an urgent task.

To verify and refine the analytical methodology for calculat-
ing the friction factor of deformed meshes whose shape of cells
differs from the square shape, as well as the results of calcula-
tions based on it, it is necessary to experimentally investigate the
influence of the wire weave angle on its flow friction factor.

Purpose. The aim of the research is the experimental veri-
fication and refinement of the methodology for calculating the
flow friction factor of metal woven meshes with micron-sized
square cells for the case of deformed mesh whose cell shape
differs from the square shape.

To achieve this aim, it is necessary to solve the following
tasks:

- to determine experimentally the value of pressure loss on
various types of meshes with different values of the wire weave
angle at various flow rates;

- to establish possible differences between the values of the
flow friction factor of deformed and undeformed meshes with
the same value of the open area ratio;

- to determine an empirical dependence that takes into ac-
count the influence of mesh cell shape changes on its friction
factor.

Mathematical model of the deformed mesh cell. When the
mesh weaving structure is deformed by changing wire weave
angle, the cell opening shape changes from square to rhom-
boid shape (Fig. 2).

When the mesh is deformed, all the characteristic sizes of
its cells change depending on the wire weave angle [10].

Suppose that with slight changes in the wire weave angle,
the distance between the wire contact points does not change
(Fig. 2) and, accordingly, is equal to the distance of the unde-
formed mesh. The width of the strips of mesh wires projection
onto the plane corresponds to the diameter of its wires [10].

Using geometric transformations, we obtain the expres-
sions for determining the geometric parameters of a deformed
mesh cell depending on the wire weave angle. The cell length
will be determined by expression

1
a—b0+d-(lsin((p)]. (1)

Cell width will be determined by expression
b=(b,+d)-sin(p)—d. 2)

The width of the cell 4 is also the minimum distance be-
tween the wires of the mesh and thereby determines the filtra-
tion rating of the mesh. Thus, the maximum diameter of a
spherical particle that can penetrate through a filter made of a
deformed mesh having the wire weave angle ¢ will correspond
to a value of b.

The opening area of the deformed mesh cell, as a function
depending on the wire weave angle F (¢), taking into account
expression (1, 2), can be represented as

')] {(8,+d)-sin(0)-d]. (3

F,(¢)=a-b= b0+d-[l—sin(¢

Total area of the deformed mesh cell, as a function de-
pending on the wire weave angle F.(¢), taking into account
expression (1, 2), will have the form

F(9) = (b, +d)*-sin(9). (G

Then, the open area ratio, taking into account expression
(3, 4), is determined as the ratio of an effective area to the total
area of the mesh according to the following expression
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Fig. 2. The projection of a deformed mesh cell onto a plane:
1 — mesh wire projection; 2 — wire contact point; 3 — mesh cell
opening; @ — wire weave angle, degree; a — cell length, m; b — cell
width, m; d — wire diameter, m
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There is also a critical wire weave angle of the mesh o, at
which, according to the model used, the mesh opening is com-
pletely blocked by its wires. Substituting £, = 0 into expression
(3) we obtain the analytical dependence for determining the
critical wire weave angle, then

d
b ] (6)
, +d

Due to the complex spatial structure of the mesh, with a
decrease in the wire weave angle, its additional deformation
can exceed the calculated one.

Measurements on mesh samples performed in [ 18] showed
that with a decrease in the wire weave angle, the mesh opening
size in some cases becomes less than the theoretically calcu-
lated one. The maximum recorded deviation of the actual
value of the mesh cell size from the theoretically calculated
one due to the deformation of the wires did not exceed 3 %.
There was also a significant variation in the measured value.

Thus, the observed correlation of the mesh opening size,
depending on the wire weave angle, taking into account a large
scatter of the measured value and a small absolute value, does
not allow us to unambiguously establish the dependence for
taking this phenomenon into account and requires additional
research. In this paper, we will consider this phenomenon as
insignificant.

Given the above, expressions (1—5) are relevant for insig-
nificant deformation of the mesh, when the wire weave angle
significantly exceeds the critical wire weave angle defined by
expression (6).

Methods. The mesh in the hydraulic system is the local
flow resistance. Hydraulic losses of static pressure at the local
flow resistance Ap are determined on the basis of the Euler-
Bernoulli equation in the form [9, 12, 17]

¢, = arcsin(

2
ap=g- Y (7)
2
where & is the local flow friction factor; 7 is density of fluid or
gas, kg/m?; v is average flow rate velocity, m/s.
Given the expression (7) the flow friction factor of mesh &,
will be calculated by the dependence

e, ®)

where Ap, is the value of static pressure loss on the mesh, Pa;
v, is the average flow rate in front of the mesh, m/s.

Thus, to determine the flow friction factor of the mesh &, it
is necessary to experimentally measure the values of the static
pressure losses on it Ap, at various flow rates.

According to a lot of research [9, 12, 16], the experimen-
tally determined flow friction factor of the mesh &, will have
the form of a function

£, =%+B, ©)

where a, B are experimentally determined dimensionless em-
pirical coefficients; Re, is the Reynolds number inside the
mesh cell, which is determined by dependence [17]

— VG d
c v- fc >
where v is kinematic viscosity of liquid or gas, m?/s.
Taking into account dependence (8), the key factors in de-
termining &, are the coefficients o and .
In[10, 11], for analytical determining the flow friction fac-
tor of the meshes with a deformed weave structure, the experi-

mental dependence that has the form of function (9) is used.
According to the method used, the value of the mesh friction

Re (10)

factor depends on the Reynolds number Re, and the open area
ratio f, according to the following dependences.

For large values of the Reynolds number Re, > 103, the fric-
tion factor of the mesh is determined based on only the value of
open area ratio according to the dependence [14, 15, 17]

2
gczgf:1,3.(1—ﬁ)+(}—lj . (11)

c

For small Reynolds numbers Re, < 50, the flow friction
factor of the mesh is determined not only by the open area ra-
tio, but also by the corresponding Reynolds number Re,.

Taking into account expressions (9—11), the flow friction
factor of the mesh in this regime is determined by the follow-
ing dependence [17]

Ce=p 18y (12)

In the transitional regime, at values of the Reynolds num-
ber 50 < Re, < 10, the flow friction factor of the mesh was de-
termined by the following dependence [17]

&,ac:kRe . <t:afs (13)

where kg, is the empirical influence coefficient of the Reynolds
number (Table 1).

The empirical dependences (11—13) are determined for
undeformed metal woven meshes with square cells and do not
take into account the change in the shape of cell to a rhombus
shape during the deformation of its weaving structure.

The influence of the wire weave angle ¢ on the open area
ratio f, for analytical calculations was taken into account using
expression (5) [10].

To determine the influence of the cell shape on the flow
parameters, we introduce a dimensionless shape factor k,as a
function of the wire weave angle ¢. Then, taking into account
expressions (7—13), the dependence of the flow friction factor
of the deformed mesh &, will have the form

Ee=Eul@) = ky(9) - E(f, Re). (14)

Then, taking into account (14), the shape factor as a func-
tion of the wire weave angle kK/(¢) can be determined experi-
mentally by the dependence

kf(w)ijgi;, (1)

where &,(¢) is an approximating function of dependence of the
mesh friction factor on the wire weave angle, determined ex-
perimentally; &.(¢) is the function of dependence of the mesh
friction factor on the wire weave angle, determined analyti-
cally using dependencies (5, 9—13).

To create experimental samples, the industrially manufac-
tured metal mesh was deformed on a special setup, then fixed be-
tween two nozzles with a diameter of 19 mm using polymer glue.

Table 2 shows the types and characteristics of the metal
woven meshes with square cells that were used as experimental
samples, as well as the obtained wire weave angles for de-
formed samples.

It should be noted that the primary mesh was deformed
without significant effort, thereby minimizing the possible ad-
ditional deformation of the wires and the influence of this fac-
tor on the geometric parameters of the experimental mesh
samples.

Table 1

Values of the empirical coefficient kg, depending on the
Reynolds number Re [17]

Re 50 100 | 150 | 200 | 300 | 400 | 500 10°
kge | 144 | 124 | 113 | 1.08 | 1.03 | 1.01 | 1.01 1.0
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During the experimental research the atmospheric air was
used as a working fluid. The main physical characteristics of
atmospheric air at the temperatures of the experiment are giv-
en in Table 3.

For this research, the experimental setup was used the
scheme of which is shown in Fig. 3.

Measurement of the pressure loss on the mesh sample Ap
is made using the static pressure differential sensor 7, micro-
manometer type MMN-2400. The air flow is created using a
centrifugal air pump 5. The flow rate v is measured using a flow
rate sensor 4, a turbine flowmeter TDR 12-2-3 type.

Tests of each sample are taken in the following sequence:

1. The mesh sample 3 is hermetically mounted in the ex-
perimental setup.

2. The air pump 5 is turned on at the minimum power
mode to set the minimum flow rate through the mesh.

3. The flow rate sensor 4 indications are recorded, as well
as the value of the static pressure losses Ap on the mesh sample
using the differential pressure sensor / (5 consecutive mea-
surements are made in this mode).

4. Point 3 is repeated for the middle and maximum power
modes of the air pump 5.

5. The air pump 5 is turned off, sample 3 is removed and
the next test sample is mounted. Then the test cycle is repeated
for the next sample.

The flow rate determined by the flow rate sensor is a linear
function depending on the frequency of the sensor indications
impulses and characterized by the following dependence

VeZVe(Y)ZA‘FB'% (16)

where A, B are empirical coefficients determined during cali-
bration of the flow rate sensor on a given liquid or gas; v is sig-
nal frequency indication of the flow rate sensor output, Hz.

To calibrate the flow of the rate sensor and determine the
empirical coefficients A, B, it is necessary to measure pressure
losses and sensor indications at the reference local resistance.
In this case, it is advisable to calibrate the flow rate sensor us-
ing the meshes on which the experiment is done (on unde-
formed samples).

Table 2
Types of investigated metal meshes (full twill weaving type)
No oxisiﬁg diax(r:fer, Wire weave Mesl}
size, b, um d, um angle, o, degree material
1 63 50 85,72, 62 Stainless steel
2 63 40 90, 57, 46, 42 Brass
3 50 40 90, 67, 65, 63, 55 Brass
4 40 30 90, 76, 67 Stainless steel
5 32 28 90, 76, 73, 70, 63 | Stainless steel
Table 3

The main physical characteristics of the air at the
atmospheric pressure accepted for calculations

b

1 — differential static pressure sensor; 2 — air inlet; 3 — mesh sam-
ple; 4 — flow rate sensor; 5 — air pump; 6 — air outlet

# 5/4@\(5

Fig. 3. Scheme of experimental setup:

Taking into account dependence (7), the value of the hy-
draulic losses of static pressure is a function depending on the
flow rate Ap(v). In this case, the flow friction factor of the
mesh & will be determined using the dependences for unde-
formed meshes (9—13).

Substituting dependence (16) into (7), we obtain a func-
tion for approximating the calibration results of the flow rate
sensor Ap,(y). To obtain the function of the dependence of the
flow rate velocity on the frequency of the flow rate sensor indi-
cations v,(y), we equate the numerical values determined ana-
lytically using the function Ap(v) to the values obtained from
the calibration of the flow rate sensor Ap,(y)

Ap =Ap(v) = Ap, = Ap(V). (17)

The obtained numerical values of the flow rate velocity v
and the frequency of the flow rate sensor indications y are ap-
proximated by the least square method to obtain a function
(16), where A and B are the required coefficients.

To increase the accuracy of the experimental results and
compensate the influence of the type of mesh, the flow rate
sensor is calibrated for each individual type of the mesh. Thus,
the air flow rate through each sample of a deformed mesh will
be determined relative to an undeformed sample of the same
type, which allows one to more accurately determine the influ-
ence of the mesh weave angle.

Table 4 shows the values of empirical coefficients A and B
of function (16) according to the results of calibration of the
flow rate sensor 4.

Results. The measurement of the hydraulic pressure loss
on the mesh samples was taken at air flow rates v from 13.6 to
22.9 m/s. The flow velocity data correspond to the Reynolds
numbers in the mesh cell of the Re from 98 to 294.

Figs. 4—8 show the results of experimental measurements
of pressure losses Ap on the experimental samples of meshes
(Table 2) depending on the air flow velocity through the
mesh v. The points in the figures correspond to experimentally
measured values. The approximating lines are built using the
least square method for the corresponding experimental points.

Figs. 4—8 show that with a decrease in the mesh weave an-
gle, the hydraulic pressure losses increase in all test modes for

Table 4
Temperature, °C o, ]13(; 13111;)/'}113 Kini??gg ;flilszjc;sity, Flow rate sensor calibration results

16.5 1.219 1.433 No. of mesh (Table 2) A B

17 1.217 1.436 1 6.091 0.0132

20 1.205 1.455 2 3.492 0.0155
20.5 1.202 1.459 3 3.483 0.0144
21.5 1.200 1.462 4 3.544 0.0217

22 1.198 1.465 5 3.930 0.0160
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Fig. 8. Variation of pressure loss Ap vs. flow rate v on mesh
samples No. 5 (32/28)

all types of meshes. Approximating straight lines built by the
least square method using the experimental points for meshes
of the same type have a similar angle of inclination. Also, from
Fig. 8, it can be observed that for different samples of meshes
with the same weave angle the values of the pressure loss are
practically identical (mesh samples No. 5, ¢ = 76°). Together,
this indicates the correctness of the measurement results.

On some mesh samples, the results of the pressure loss
measurements depending on the flow rate velocity have a dif-
ferent growth pattern relative to similar samples. On one of the
samples (mesh samples No. 3, ¢ = 65°) the pressure loss values
are slightly higher than in the sample with a smaller weave
angle (mesh samples No. 3, ¢ = 63°). This deviation can be
explained by the errors in the indications of the flow rate sen-
sor, as well as possible intrusion of dust and contamination of
an individual mesh sample, which, as a result, can contribute
to higher values of the pressure loss for samples with a larger
wire weave angle. Taking into account a large number of ex-
perimental measurements and small value of the deviation,
this single deviation can be considered insignificant.

Based on the obtained experimental data, taking into ac-
count expression (8), the dependences of the mesh friction
factor &, on its open area ratio f, for all samples were deter-
mined (Fig. 9).

Fig. 9 shows that the flow friction factor of the mesh &, is
expected to increase with decreasing open area ratio f,. However,
it can be observed that for the same values of £, the flow friction
factor of deformed meshes is lower than for undeformed ones.
This may indicate the influence of the cell shape on the param-
eters of the flow around the mesh wires with gas and, thus, on the
value of the friction factor. This effect becomes more significant
with the decrease in the open area ratio f,, which corresponds to
the increase in the mesh deformation (decrease in the angle o).

Thus, it can be argued that in practice, by deforming the
mesh weaving structure, it is possible to reduce the flow fric-
tion factor relatively to an undeformed mesh having the same
open area ratio.

O Undeformed mesh
x Deformed mesh

0,15 0,2 0,25 0,3 0,35 it

Fig. 9. Variation of mesh friction factor €, vs. open area ratio f,
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Fig. 10. Variation of shape factor k;vs. mesh weave angle ¢

For each experimentally determined point, the value of the
flow friction factor of the mesh &, is analytically determined
using dependences (9—13). Then, using the dependence (15),
the values of the shape factor k,are determined depending on
the mesh weave angle ¢ (Fig. 10).

To obtain the empirical dependence of the shape factor on
the mesh weave angle as a function k/(¢), we approximate the
experimental values (Fig. 10) using the least squares method.
A 3"-degree polynomial function is the most similar to the
field of experimental values.

Approximating the experimental data by the least square
method using a 37-degree polynomial function, we obtain

ky=75.063 - 100>~ 1.344 - 107 - 92+ 0.119 - 9 — 2.515. (18)

According to Fig. 10 and dependence (18), the influence of
the shape change of the mesh cell on its flow friction factor
relative to the result obtained using the analytical method be-
comes significant at mesh weaving angles ¢ < 80°. This may
indicate the best parameters of gas flowing through the mesh
due to a change in the shape of its cells from square to rhombic
ones. It can be assumed that this occurs due to a decrease in
the distance between the wires with a constant diameter and,
thus, an increase in the d/b, ratio, which creates better param-
eters for the flow around the wire.

Consequently, based on the results of the research, the
true value of the flow friction factor of the mesh, taking into
account the wire weave angle, can be determined by the fol-
lowing algorithm:

1. The value of the flow friction factor is determined by the
dependences for undeformed meshes &, (for example, accord-
ing to the methodology [17]) using expressions (11—13), taking
into account the influence of the mesh weave angle ¢ on the
open area ratio f, determined by expression (5).

2. The obtained value of &. is multiplied by the value of the
shape factor k,at a known value of the mesh weave angle ¢ ac-
cording to expressions (14, 18) and, thus, the true value of the
mesh friction factor is determined.

For values of the mesh weave angle ¢ > 80° the shape factor
kycan be ignored in analytical calculations of the flow friction
factor of deformed meshes.

Conclusions.

1. The experimental research was conducted on the fric-
tion factor of metal woven meshes with micron-sized square
cells for the case of deformed meshes whose cell shape differs
from a square shape. The values of hydraulic pressure losses on
the meshes were experimentally determined depending on the
mesh weave angle at air flow velocities v from 13.6 to 22.9 m/s,
which corresponds to the Reynolds numbers in the mesh cells
Re from 98 to 294. The mesh weave angle of mesh samples ¢
ranged from 42 to 90°.

2. It was experimentally established that the mesh weave
angle affects the flow friction factor of the meshes not only due
to a change in the open area ratio, but also as a result of a change
in the parameters of the flow of gas around the wires. This effect

becomes significant at mesh weaving angles ¢ < 80°. In practice,
it has been shown that by deforming the mesh weave structure,
it is possible to reduce the mesh friction factor relative to an
undeformed mesh that has the same open area ratio f..

3. The results of the research indicate that in the analytical
calculations of the flow friction factor of meshes with a de-
formed weaving structure, for the wire weave angle ¢ < 80°, the
calculated value of the flow friction factor must be multiplied
by the shape factor k,according to expressions (14, 18).

4. The results of this work can be used for hydraulic calcu-
lations of devices with mesh elements: filters, mixers, heat ex-
changers, particulate separators, capillary phase separators of
liquid and gas, and other devices.

5. Further research may be of practical interest in the di-
rection of refinement of experimental results on a more types
of meshes, large ranges of weave angles ¢ and the Reynolds
numbers Re, as well as on other working gases and liquids.
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Mera. ExcriepuMeHTasIbHE MiATBEPIXKEHHS Ta YTOYHEH-
HSI METOIMKU PO3paxXyHKy KOeDillieHTY riipaBiaiuyHOTO Oropy
CiTOK i3 KBapaTHUMU BiYKAMU MiKPOHHUX PO3MipiB ISl BU-
naaky neopMoBaHUX CiTOK, (hopMa BiuKa IKMX BiIpi3HIEThb-
cs1 BiJl KBaJIpaTHOI.

Metomuka. /111 TOCSITHEHHST METU JOCITIIXKEHHS BUKOPUC-
TOBYEThCSI PO3PAXYHKOBO-EKCIIepUMEHTaIbHAa MeTonuka. Ha
OCHOBI OTpMMaHOi MaTeMaTUYHOI MozeTi Ae(hOPMOBAHOTO Bi-
YKa CiTKM TEOPETUYHO BU3HAYAETHCS KOEMILIEHT TiapaBiiyu-
HOro onopy J1eopMOBaHOI CITKU. 3a JOMOMOIOI0 €KCIepU-
MEHTaJIbHOI MPOIYBKU 3pa3KiB 1e(OPMOBAHUX CITOK BU3HA-
YalOThCsI BEJIMYMHU BTPAT TUCKY, a TAKOX 3HAUYCHHSI iX Koedi-
LiEHTA TIpaBIiYHOrO OMOpY. Y pe3yjabTaTi MOpiBHIHHS aHai-
TUYHUX PO3PaXYHKIB i €KCIIEpUMMEHTATbHUX Pe3yJIbTaTiB BU-
3HAYAETHCS] YTOUHIOIOUMIA eMITipMUHMIT KoedilieHT hopmu.

Pesynbrat. ExcriepyMeHTaqbHO BM3HAYEHiI BEJIMYMHU
riipaBIiyHUX BTPAT TUCKY B 3aJI€KHOCTI Bifl LLIBUIKOCTI MO-
TOKY Ha Pi3HMX TUIAaX CiTOK 3 Pi3HMM 3HAYEHHSIM KyTa repe-
TUIETiHHST BOJIOKOH.

Haykosa HoBu3Ha. BcraHoB/eHO, 1110 32 OIHAKOBUX 3Ha-
YeHb KoeillieHTa JKUBOTO MEePETUHY CiTKM, 3HAYCHHS Koedi-
LIiEHTA TiAPaBIiYHOro Onopy Ae(hOPMOBAHUX CITOK HMXKYE, HixK
HenedopMoBaHuX. Lle cBimIUTH Mpo BIUIMB (hOPMHU BiuKa He
TiJIBKY 32 PaxyHOK 3MiHU KoedillieHTa KMBOTrO MepeTrHy, aje
i1 xapakTepy 0OTiKaHHSI BOJJOKOH CITKM ITOTOKOM MpU 3MiHi 1i
¢dopMu 3 KBaipaTHOi Ha poMOiuHy. EKcriepuMeHTaIbHO BCTa-
HOBJICHO, 1110 JAHWIA BIUTUB CTA€ iCTOTHUM TPU KyTax Meperuie-
TiHHST BOJIOKOH CiTKM MeHIe 80° i Moxe OyTH BpaxoBaHUII 3a
JIOTIOMOTOI0 eMITIpUIHOTO KoedillieHTa (hopMu. XapakTep 3a-
JIEXHOCTI KoedillieHTa (hopMu Bill KyTa TNeperieTiHHs BOJIO-
KOH Ma€ BUIJISI ITOJTIHOMiaJIbHO1 (DYHKIIii 3-TO CTeIeHs.

IIpakTuna 3HaummicTb. [lokaszaHo, 110 3a JOMOMOroI0
nedopMyBaHHS CTPYKTYPU TUIETIHHST BOJIOKOH CiTKM MOXJTH-
BO 3HM3UTU KoeDillieHT ii rinpaBiiyHOro Oropy y nopiBHSIHHi
3 Helle(POPMOBAHOIO CiTKOIO, 1110 MAa€ OMHAKOBUI KoedillieHT
SKMBOTO MEpeTUuHY. 3a JIONMOMOrol0 OTPUMAHOI 3aJieXKHOCTI
11 KoediuieHTa (OpMM yTOYHEHA aHaJliTUYHA METOIMKA
PpO3paxyHKy 3Ha4eHHsI Koe(illieHTa TiapaBIiYHOro OMopy Jie-
(OPMOBaHUX CITOK y 3aJIeXKHOCTI Bill KyTa MeperuieTiHHs iX
BOJIOKOH. MeTorKa MoJIsrae y 3HaxoIKeHHi 100yTKy Koedi-
LiEHTA TiIPaBIIiYHOrO ONOPY, PO3PaXOBAHOTO HAa OCHOBI 3a-

JIEXXHOCTe 1151 Heae(OopMOBaHUX CiTOK, Ta KoedillieHTa
(opMHM B 3aJIEXKHOCTI Bill KyTa MeperieTiHHS BOJIOKOH.

KuniouoBi cioBa: cmpykmypa naeminna cimku, Kym nepe-
naeminHs 60N0KOH, Koe@iuieHm 2iopasaiunoeo onopy
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eab. DKcriepuMeHTabHOE MOATBEPKAEHUE U YyTOUHE-
HME METOOMKHU pacuéTa Kod(GHUIIMEeHTa TUIPaBINIeCKOIro
COTPOTHBIICHHUSI CETOK C KBaIpPaTHBIMU SYeiiKaMy MUKPOH-
HBIX Pa3MePOB IS CiIydast 1e(pOpMUPOBAHHBIX CETOK, (hopma
sTYeeK KOTOPBIX OTJIMYAETCSI OT KBaIpPaTHOM.

Meromuka. 1t DOCTVDKEHUST LEJU MCCIIEIOBAHMUSI, KC-
TTOJTb3YeTCSl pacyeCcTHO-3KCIeprMeHTallbHass MeTtonuka. Ha
OCHOBE ITOJIYYEHHOI MaTeMaTHUYECKO Momeau IehopMUpo-
BaHHOI STYSKU CETKHU OTPeeIsieTCsl TeOPeTUUeCcKoe 3HaueHUe
K03 PUIIMeHTa TMIPaBIMIYECKOTO COMPOTUBICHUS TeDopMu-
poBaHHOI#1 ceTKH. C IOMOIIIBIO MPOITYBKU 00Pa3IOB CETKU BO3-
JIyXOM 9KCIIEPUMEHTAILHO ONPEIE/ISIIOTCSI BEIMYUHbI TIOTEPh
MaBJICHUST Ha CeTKaX M MX K0aGhdOUIIMEeHTa TMIpaBINnIeCKOTO
COMpPOTUBJICHMS. B pesyabrate CpaBHEHMsI aHAIUTHYECKUX
pacyeToB U SKCIIEPUMEHTATBHBIX PE3YJIbTaTOB OIPEIesIeTCs
YTOUHSTIOIIUI SMITUPUUYECKUIA KOIDPULIMEHT (POPMBI.

PesynbTaThl. DKCIIEPUMEHTATTBHO OTPEeSIeHbl BeTIN-
Hbl TUAPABIMYECKUX MOTEPh AaBJICHUs B 3aBUCHMOCTH OT
CKOPOCTH TOTOKA Ha PA3IMIHBIX TUITAX CETOK C PA3TUIHBIM
3HAYEHMEM YIJIa NeperieTeHK s BOJIOKOH.

Hayunasa HOBH3HA. YCTaHOBJIEHO, UTO TPU OJUHAKOBBIX
3HAYEHUSIX Kod(hUILIMeHTa XXUBOTO CeYeHUs CeTKU, 3HaJe-
HUST KO3(DGUIIMEHTa TUIPABINIECKOTO CONTPOTUBIICHUS e~
(GOopMUPOBAHHBIX CETOK HUXKE, YeM Heae(popMUpOBaHHBIX.
DTO CBUIETEIBCTBYET O BIUSIHUU (POPMBI TUCUKH HE TOTBKO
3a CYET UBMEHEHUST KOa((pUILIMeHTa XXMUBOIO CEYEHUs, HO U
XapakTepa 00TeKaHHsI [IOTOKOM BOJIOKOH CETKH ITPU U3MEHE-
HUM ee (POopMBbI ¢ KBaIpaTHOM Ha pOMOOBUAHYIO. DKCIEpU-
MEHTAJIbHO YCTAHOBJIIEHO, YTO JaHHOE BIMSHUE CTAHOBUTCS
CYIIECTBEHHBIM IPU yIjaX IeperyieTeHHs] BOJOKOH CETKH
MeHbIe 80° 1 MOXET OBbITh YYTEHO IIOCPEICTBOM SMITUPUYE-
ckoro koagduireHTa (opmbl. Xapakrep 3aBUCMMOCTH KO-
s duimerTa HGOPMBI OT yIjia IePeIUIETEHS BOJJOKOH UMEET
BUJI MOJIMHOMUAJIbHOM (DYyHKLIMU 3-i1 CTEIEHM.

IIpakTHyeckas 3HaYMMOCTh. [10Ka3aHO, YTO C TTOMOIIBIO
neOpPMUPOBAHUSI CTPYKTYPHI IICTEHMS BOJIOKOH CETKH BO3-
MOXHO CHU3HUTH KOO(PGULIMEHT ee THAPABINIECKOTO COIPO-
TUBJICHUS TIO CPaBHEHUIO ¢ Heae(hOopMUPOBAHHON CETKOM,
HMMEIOIIEH TaKoii ke KoaduumeHT XuBoro cedeHus. C mo-
MOIIIbIO ITOJIYYEHHON 3aBUCUMOCTH i1 Ko3dbduimeHTa
(opMbI yTOUuHEHA aHAIUTUYECKAST METOAMKA pacueTa Kood-
(ueHTa rUaPaBIMIECKOTO CONPOTHBICHUS Ae(hOPMUPO-
BaHHBIX CETOK B 3aBUCMMOCTH OT YIJIa [TEPETLIETEHMUS UX BO-
JIOKOH. MeTonuka 3aKiroyaeTcsi B HaXOKISHWH TTPOU3Beie-
HMS KO3(DGUILMEHTa THUAPABIMYECKOrO COMPOTUBICHUS,
pacCUYMTaHHOTO Ha OCHOBE 3aBUCHUMOCTEl TSl HenehopMu-
POBaHHBIX CETOK, ¥ 3HaYeHUsT KoadduireHta GopMbl B 3a-
BHCHMOCTH OT YIJIa TIeperieTeHUsT BOJIOKOH.

KiroueBbie c10Ba: cmpykmypa naemenus cemu, yeoi ne-
peniemenus 60A0KOH, KOIMhuUuueHm 2uopasiuteckoeo conpo-
muenenus
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