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We developed a mathematical model of the melting zone of a
single screw extruder for processing of polymers. The model takes
into account a heat transfer of a polymer with a screw and a cylinder
of an extruder (parameters of a heat transfer agent in the screw, as
well as parameters of a heat carrier or electric heaters on the outer
surface of the cylinder), as well as the real boundary conditions (the
screw rotates, the cylinder is fixed).

The classical and most commonly spread plane-parallel model of
the melting process, in contrast to the developed model, considers a
fixed screw and a rotating cylinder extended on the plane. Therefore,
processes that actually occur near the surface of a rotating screw
are conditionally transferred to the side of a fixed cylinder and vice
versa. It distorts fields of speed and temperature of a polymer in the
screw channel, as well as the viscosity value of a polymer along the
channel height.

We investigated a temperature field of a polymer in the screw
channel, as well as a relative width of a polymeric solid bed along the
length of the melting zone of the extruder (the ratio of a width of the
polymer solid bed to a width of the screw channel). We compared
results of the calculation with the experiment. We showed that the
proposed model describes the process of melting of a polymer better
than the classical inverse plane-parallel model. We also proposed the
approach to modeling of an extruder in general as sequences of its
interconnected functional zones.

The difference between calculated and measured values of the
dimensionless width of the polymeric “solid bed” from the dimen-
sionless coordinate along the axis of the screw does not exceed 15 %.
This is less than at using the traditional approach to modeling of the
melting process.

The developed technique was successfully implemented for the
modes of processing of various polymeric materials at extruders with
screws of diameter 32, 45, 63, 90, and 125 mm.

The use of the developed mathematical model will make it possi-
ble to better forecast effective modes of the screw extruder, especially

if it is necessary to account for heat transfer between surfaces of a
screw and a cylinder, as well as processing of materials characterized
by low thermal resistance.

Keywords: single-screw extruder, polymer, granule, melting
zone, boundary conditions, polymer solid bed, temperature field.
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The problem of creation of a technology for effective protec-
tion of rooms of control points with electronic equipment against
powerful intentional and industrial interferences was studied. De-
velopment of ray weapons is a new challenge to electronic equipment
safety by the use of modern powerful electromagnetic weaponry. Ab-
sence of theoretical recommendations in the conditions of growing
practical needs causes the relevance of this problem solution.

As aresult of theoretical and experimental studies, rational ways
for solution of the problem related to the necessity of absorption of
the field energy in a wide frequency range at the level of 40...50 dB
were substantiated while the level of absorption known from publi-
cations is 10...20 dB.

The basis for solving this problem is a significant improvement
of the technology for preparation of a filler with necessary electro-
magnetic properties. This is an electrically conductive ferrite-ferrite
compound with a structure of spinel of inverse type which has the
commensurate levels of relative dielectric and magnetic permeability
and electrical conductivity of (103..104) S/m. These properties of
the filler will contribute to the satisfaction of generally contradic-
tory requirements. Such are the requirements for reducing the field
energy reflection from the surface of the radiation absorbing coat-
ing of the room and the requirements for increasing linear energy
absorption by coating (12...15 dB/mm). Therefore, the proposed 4
mm thick absorbing Sorel cement tiles with the proposed filler pro-
vide absorption of field energy in a wide frequency band at a level of
40...50 dB due to their polymerization filling.

The choice of the aforementioned binder base for the filler is
justified because significant levels of thermal stability of the base are
required. In principle, it is also necessary to improve the technology
of highly concentrated filling of the solid, heat-resistant polymer
base for the radiation absorbing coating, which effectively protects
hardware of the command post from contemporary ray weapons.

Existing organic polymer bases for the required coating have a
limited ecological purity and working temperature not exceeding
250...300 °C.

Therefore, it is expedient to use an environmentally friendly
inorganic polymer in a form of Sorel cement with significantly
higher thermal stability. That is why the technology of screening
rooms by covering their inner surface with absorbing Sorel ce-
ment tiles was proposed. Once the filler is prepared, pre-filling of
the aqueous solution of cement ingredients with dispersed filler
as a field energy converter is made. After solidification of the
Sorel cement tiles and covering the surface of the room, energy of
interfering electromagnetic fields falling on the coating converts
into heat energy.

The necessary hardware screening at a level of 40..50 dB is
provided by the following technology stages. First, thermochemi-
cal synthesis of conductive ferrite oxide of transition metals with
a structure of spinel of inverse type is carried out at a temperature
above 600 °C. Secondly, vibrational polymerization concentrated
filling of the base mixture of the magnesium oxide and saturated
aqueous solution of magnesium chloride is realized without the loss
of strength of the tiles after their solidification. The tiles are solidi-
fied at room temperature for 15 to 17 hours.

Keywords: electromagnetic screening of rooms, ferrite radiation

absorbing materials, Sorel cement, polymerization filling.
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We report results of experiment on the estimation of decreas-
ing strength of natural stone exposed to repeated dynamic loading.
The study was conducted in order to assess the feasibility of us-
ing natural stone for the accompanying extraction of stone blocks
under conditions of gravel quarries. We examined samples from 13
Ukrainian deposits of natural stone. The stresses were created by a
weight dropped on the tiles made of natural stone. The damage was
evaluated using the ultrasonic device UK-14MP. The established
resistance of rock to repeated impact actions showed that at a low
specific energy of the impact (1.47-2.7 kJ/m?) there are the gran-
ites (Zhezhelivski, Tokivski, Koretski deposits) that are almost not
destroyed. These very deposits are suitable for the accompanying
extraction of blocks of natural stone under conditions of gravel quar-
ries. Building structures from these fields can be used in facilities
and buildings that are exposed to vibration. Depending on the en-
ergy capacity of destruction, we conditionally divided natural stone
into three groups. By applying a nondestructive control, we found
that granites lose their strength prior to destruction from 11.6 to
41.5 % because of anthropogenic microcracking. The fatigue
strength of granites is affected by the content of quartz; an increase
in quartz results in increasing strength. It is demonstrated that the
texture of granite exerts not a less impact on the strength of the
stone; an increase in grain size in granite leads, despite a consider-
able content of quartz, to a decrease in the stone fatigue strength.
Increasing accessorial minerals in granites leads to a decrease in
fatigue strength.

Keywords: natural stone, energy capacity of destruction,
resistance to impact actions, dynamic loads, propagation of ul-

trasonic wave.
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Energy characteristics of waves propagation along the contact
surfaces in a hydrodynamics system “liquid half-space — layer —layer
with a rigid lid” are explored. Based on the solutions of first approxi-
mation to a weakly non-linear model, the integral relations for wave
motion energy in each layer and for the total energy of the system
were obtained. An analysis of energy of wave processes revealed
that an increase in wave number causes a decrease in energy of wave

motion of the upper layers, and energy of wave motion of the lower
half-space at some values of wave number reaches extreme values.
In this case, total energy of the system is descending in nature and
rather quickly approaches its limit value.

The numerical values of energy for three different cases of
propagation of progressive waves were obtained: only along the up-
per contact surface, only along the lower contact surface, along both
surfaces simultaneously. Comparison of the obtained values of energy
revealed that in the case of waves propagation along both contact
surfaces simultaneously, the total energy of the system is close to
the sum of energies of the system at waves propagation along one of
the surfaces.

Keywords: weakly non-linear model, three-layer hydrodynamic

system, internal waves, wave motion energy.
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The method for measuring the intensity of atmospheric turbu-
lence based on assessment of statistical characteristics of the sodar
signal envelope was investigated. This method requires no changes
to the sodar hardware, but rather gives the possibility to make fuller
use of echo-signals in order to obtain meteorological information.

Through theoretical analysis, it was shown that the echo-signal
envelope is distributed by the Rice law. The parameter of the law of
envelope distribution is unambiguously associated with intensity of
atmospheric turbulence.

Assuming standard stratification of the atmosphere, the values
of the parameter of the law of envelope distribution for four classes
of atmospheric turbulence according to the ICAO classification were
calculated: weak, moderate, strong and storm.

Convergence of the experimental law of distribution of the
envelope of acoustic echo-signals to the theoretical law at different
measurement time was studied. It was experimentally determined
that the theoretical and experimental laws of distribution of the
sodar signal envelope mismatch with probability of less than 5 % at
measurement time from 10 to 30 minutes. The results of measure-
ment using this method converge to a stationary value at measure-
ment time of more than 10 min.

The use of the examined method for assessment of atmospheric
turbulence in addition to already used methods will make it possible
to increase accuracy and time resolution of sodars.

Keywords: acoustic sounding, sodar, turbulence, echo-signal,

envelope, aviation meteorology, wind power industry.

References

1. Krasnenko, N. P. (2001). Akusticheskoe zondirovanie atmosfernogo
pogranichnogo sloya. Tomsk: Vodoley, 278.

2. Finn, A, Rogers, K., Rice, F, Meade, J., Holland, G., May, P. (2017).
A Comparison of Vertical Atmospheric Wind Profiles Obtained from
Monostatic Sodar and Unmanned Aerial Vehicle-Based Acoustic
Tomography. Journal of Atmospheric and Oceanic Technology,
34 (10), 2311-2328. doi: 10.1175/jtech-d-17-0070.1

3. Kouznetsov, R. D. (2008). Quantitative estimate of the role of
temperature gradients in sodar echo signal formation. IOP Con-
ference Series: Earth and Environmental Science, 1, 012039.
doi: 10.1088/1755-1307/1,/1,/012039

4. Argentini, S., Petenko, 1., Bucci, S., Mastrantonio, G., Conidi, A.,
Federico, S. et. al. (2016). LACOST, an atmospheric laboratory on
the Tyrrhenian coastline. 18th International Symposium for the
Advancement of Boundary layer remote Sensing. Varna. Available at:
https://www.researchgate.net/publication/322069919

5. Reddy, T. L., Reddy, N. S. K., Gopal, K. R., Balakrishnaiah, G.,
Reddy, R. R. (2017). Comparison studies of sodar winds with the
NCEP/NCAR Reanalysis IT winds over a semi-arid region Anan-

tapur. International Tropical Meteorology Symposium. Ahmed-

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

abad, 10-13. Available at: https://www.researchgate.net/publica-
tion/322024402

Luiz Silva, W., Albuquerque Neto, E L., Franga, G. B., Matschins-
ke, M. R. (2016). Conceptual model for runway change procedure in
Guarulhos International Airport based on SODAR data. The Aero-
nautical Journal, 120 (1227), 725-734. doi: 10.1017 /aer.2016.33

. Pefia, A, Hasager, C. B, Lange, J. et. al. (2013). Remote Sensing for

Wind Energy. DTU Wind Energy, 308. Available at: http://orbit.dtu.
dk/files/55501125/Remote_Sensing_for_ Wind_Energy.pdf

. Chaurasiya, P. K., Ahmed, S., Warudkar, V. (2017). Wind char-

acteristics observation using Doppler-SODAR for wind energy
applications. Resource-Efficient Technologies, 3 (4), 495-505.
doi: 10.1016/j.reffit.2017.07.001

. Khan, K. S., Tariq, M. (2018). Wind resource assessment using SO-

DAR and meteorological mast — A case study of Pakistan. Renew-
able and Sustainable Energy Reviews, 81, 2443-2449. doi: 10.1016/
jrser.2017.06.050

Yazidi, H. Sodar measurements in wind energy industry state of the
art. Available at: https://www.academia.edu/20671917

Krasnenko, N. P, Shamanaeva, L. G. (2016). Sodars and their ap-
plication for investigation of the turbulent structure of the lower
atmosphere. IOP Conference Series: Earth and Environmental Sci-
ence, 48, 012025. doi: 10.1088,/1755-1315/48,/1,/012025

Bradley, S., Barlow, J., Lally, J., Halois, C. (2015). A sodar for profil-
ing in a spatially inhomogeneous urban environment. Meteorolo-
gische Zeitschrift, 24 (6), 615-624. doi: 10.1127 /metz/2015/0657
Underwood, K. H., Shamanaeva, L. G. (2010). Turbulence character-
istics from minisodar data. Russian Physics Journal, 53 (5), 526—532.
doi: 10.1007 /s11182-010-9453-7

Kapegesheva, O. F, Krasnenko, N. P, Stafeev, P. G., Shamanae-
va, L. G. (2013). Influence of the averaging time on the quality of
reconstruction of small-scale wind turbulence characteristics in
acoustic sounding. Russian Physics Journal, 55 (10), 1132—1136.
doi: 10.1007 /s11182-013-9933-7

Ulianov, Y. N., Skvortsov, V. S., Vetrov, V. 1., Misailov, V. L., Maksi-
mova, N. G. (2013). Parametric acoustic antenna for noise-proof
pulse sodar. 2013 IX Internatioal Conference on Antenna Theory
and Techniques. doi: 10.1109/icatt.2013.6650760

Shifrin, Y. S., Ulianov, Y. N., Vetrov, V. L., Misailov, V. L. (2011).
Noise-protected antenna for a pulse acoustic atmospheric sounder.
2011 VIII International Conference on Antenna Theory and Tech-
niques. doi: 10.1109 /icatt.2011.6170724

Kouznetsov, R. D. (2009). The multi-frequency sodar with high
temporal resolution. Meteorologische Zeitschrift, 18 (2), 169-173.
doi: 10.1127,/0941-2948,/2009,/0373

Kurniawan, H. D., Suksmono, A. B. (2016). A compressive-sampling
Stepped-Frequency Continuous Wave sodar system. 2016 10th In-
ternational Conference on Telecommunication Systems Services and
Applications (TSSA). doi: 10.1109/tssa.2016.7871079

Sheiko, S. O., Sidorov, H. 1., Polonska, A. S., Kartashov, V. M.
(2017). Pat. No. 121159 UA. Akustychnyi prystriy dlia vyznachen-
nia parametriv turbulentnosti v atmosfernomu prykordonnomu
shari. MPK: GO1S 13/95, GO1W 1/06. No. u201706157; declareted:
19.06.2017; published: 27.11.2017, Bul. No. 22, 6.

Manual of Aeronautical Meteorological Practice (2011). ICAO:
Doc. 8896 AN/893. Available at: https://skybrary.aero/bookshelf/
books/2506.pdf



21. Leonidov, V. L. (2012). Statistical descriptions of the echosignals

of acoustic sounding in the area of megalopolis. Eastern-European
Journal of Enterprise Technologies, 6 (4 (60)), 46—-50. Available at:
http://journals.uran.ua/eejet/article/view,/5683/5113

22. Semenec, V. V., Leonidov, V. I. (2011). Acoustic sounding of atmo-
sphere in the problem of heat exchange processes study in the area of
megalopolis. Eastern-European Journal of Enterprise Technologies,
6 (8 (54)), 45-49. Available at: http://journals.uran.ua/ecjet/
article/view,/2328,/2132

23. Tihonov, V. I. (1982). Statisticheskaya radiotekhnika. Moscow: Ra-
dio i svyaz’, 624.

DOI: 10.15587,/1729-4061.2018.126230

EXAMINING THE CURRENT OF DRILLING MUD IN
A POWER SECTION OF THE SCREW DOWNHOLE
MOTOR (p. 41-47)

Volodymyr Biletsky

National Technical University

«Kharkiv Polytechnic Institute», Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0003-2936-9680

Vitaliy Vitryk

BUROVA TEKHNIKA,

Research and Technical Enterprise, LTD, Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-2613-7895

Mishchuk Yuliya

BUROVA TEKHNIKA,

Research and Technical Enterprise, LTD, Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-0200-2451

Mykhailo Fyk

National Technical University

«Kharkiv Polytechnic Institute», Kharkiv, Ukraine
ORCID: http://orcid.org/0000-0001-5154-6001

Andriy Dzhus

Ivano-Frankivsk National Tachnical

Univercity of Oil and Gas, Ivano-Frankivsk, Ukraine
ORCID: http://orcid.org/0000-0002-2660-5134

Julia Kovalchuk

Kyiv National University of Construction and
Architecture, Kyiv, Ukraine

ORCID: http://orcid.org/0000-0003-2627-4459

Taras Romanyshyn

Ivano-Frankivsk National Technical

University of Oil and Gas, Ivano-Frankivsk, Ukraine
ORCID: http://orcid.org/0000-0002-0856-1537

Andriy Yurych

Ivano-Frankivsk National Technical

University of Oil and Gas, Ivano-Frankivsk, Ukraine
ORCID: http://orcid.org/0000-0002-8772-6191

By using the module Flow Simulation from the programming
environment SolidWorks, we obtained parametric fields of turbulent
flow of drilling mud in the subject of research — a power section of
the screw down-hole motor (SDM). The subject of research is the
characteristics of turbulence of the drilling mud flow. An analysis
of the obtained model parametric fields of turbulent flow of drilling
mud in the power section of SDM shows two distinctive regions
that differ by the characteristics of turbulence in the drilling mud
current. These sections are localized in the neighborhood of contact

points “rotor-stator”, and along the distance between these points.
In the first section, the developed flow turbulence almost disappears;
the dissipation of flow energy significantly decreases. In the second
section, there is a developed turbulence of drilling mud, which causes
increased dissipation of flow energy and a possible damage to the
stator by a solid phase of drilling mud. Vorticity of drilling mud in
this region reaches the maximum values of 1,875.7 5. Turbulent time
scale in the second region reaches the minimum values of 0.001 s, and
the metrical scale of pulsations is comparatively small — from 0.011
to 5.666 m, indicating the presence of small-scale turbulent vortices
and the elevated dissipation of flow energy. Thus, the second section
is the most vulnerable to a damage to the stator by a solid phase of
drilling mud.

An endoscopic examination of the surface of the SDM stator,
which we conducted, revealed damage to its working surface, spe-
cifically deep scratches, guide scratches, cavities. Localization of
damage is from the middle and to the tail part of the power section
at a distance of 2.53—4.78 m from the beginning of the power section
of SDM.

The models obtained are recommended for using in hydraulic
calculations of SDM, for choosing a rational mode of its operation.

Keywords: screw down-hole motor, pair “rotor-stator”, drilling
mud, modelling, parametric fields.
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The study showed that we can implement the principle of
current control of the main circuit of a hybrid DC contactor by
introduction of a small-size transformer of current into it. It has two
primary windings, the first of which is connected to the first pole in
succession with the main contact, the second one — in series with a
semiconductor switch, which shunts this contact in opposition to the
first, and one secondary power supply.

The study determined peculiarities of the processes of current
flowing from the circuit of the main contacts, the commutation of

a current transformer, the charging of a commutation condenser for
locking of a semiconductor switch. The study showed that a magnet-
ic wire conductor of a transformer is saturated and a control circuit is
deenergized in a switched-on state. When a contactor is switched off,
the charge of a commutation condenser capacitor goes due to a di-
rect current under an action of EMF, which occurs on the secondary
winding of a transformer during its re-magnetization in the opposite
direction by current flowing in a shunting circuit. At the same time,
at the given values of a cross section of a magnetic conductor and
capacity of a condenser, a voltage level to which it is charged, does
not depend on the number of turns of the secondary winding, but it
is proportional to a square root of commutated current. The time of
its charge under the same conditions is proportional to the number
of turns of the secondary winding. This makes it possible to approach
reasonably definition of parameters of elements that provide reliable
locking of semiconductor switchers.

The study showed that the proposed hybrid contactors, due to
introduction of circuit current control, have properties that enhance
their competitiveness compared to the existing ones. Specifically,
they increased reliability, they do not need a power supply from an
additional power source, they exclude standard drivers, they show
minimized energy consumption. Thus, the application aspect of a
use of the obtained scientific result is the possibility of creation of
competitive reliable hybrid DC contactors for voltage up to 1,000 V
and currents of 100-630 A.

Keywords: hybrid contactor, main contacts, semiconductor
switch, current transformer, current control.
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