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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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MOBILE COMPOSITE WIND POWER PLANT WITH DIFFUSER

Abstract. This research focuses on the stage of engineering a technical prototype of a composite wind power
plant with a diffuser (WPPD). The area of a particular interest in the article is the mathematical aspect of the
engineering stage. The article presents a theoretical study as well as experimental and practical data essential to
obtain an effective shape of the diffuser. Here are also given engineering calculations and results of patent researches
and field tests.

The authors calculate the most rational design parameters capable of ensuring the maximum speed in the area of
the blades. This leads to an increase in the generated electricity, since it depends on the speed cubed. The increase in
speed is stipulated by the passage of the air flow through the narrow part of the diffuser into the area of expansion
and is consistent with the Bernoulli equation. The differential equation relates the flow velocity to the cross-sectional
area of the diffuser. It should be noted that its inner part is the surface of rotation of the generatrixes around the axis
of the diffuser. The surface shape can be adjusted based on the obtained mathematical calculations. In the research,
these curves are described in the form of polynomials of various degrees. After integrating the differential equation
for each curve individually the best option is selected. Here is also given an example with a quadratic function,
which was experimentally substantiated in earlier researches and is used to compare the effects received from
different generators.

The described technology, with account taken of the shape of the generator fairings, contributes to the further
improvement of the WPPD. The article serves as the basis for engineering a technical prototype of a mobile
composite WPPD.

Key words: wind power plant; composite material; windwheel; diffuser; speed.

Introduction. Economic crises of the past decades have shown that many traditional measures can
provide no more a balance between the three pillars of sustainable development: economy, environment,
and social sphere. This imbalance urges Kazakhstan to focus more on conceptual studies and related
events: researches in the sphere of sustainable energy [1]. Sustainable energy is a sphere of mass
application of high technologies; it is a catalyst for extensive social and economic development which
provides a higher quality of life and transition of the society to environmentally sound technologies.

During the Astana EXPO — 2017 exhibition, the National Center for State Scientific and Technical
Expertise (NCSSTE) held an international forum entitled “Integration of Science and Business”. In his
report “Energy of Kazakhstan: Yesterday, Today, Tomorrow”, President of the NCSSTE listed the project
described in the present paper among the four best Kazakhstani innovations in the field of green
technologies. The project in question is aimed at creating a model prototype of a composite wind power
plant with diffuser (WPPD) [2].

Research methods. Engineering and designing of the WPPD technical prototype demanded the usage
of theoretical and applied research methods, including resource-saving techniques of processing
(composites) CMs [4], tests, and analysis of the influence of the shape of the WPPD units on the amount
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of the produced energy [5]. The energy output of the wind turbines grows in proportion to the wind speed
cubed. Availability of a diffuser leads to a decrease in pressure in the expanding section, which causes an
increase in the air-flow velocity in the convergent section of the diffuser. The process of the flow motion
is simulated with the help of the conservation of mass differential equation relating the flow velocity to the
cross-sectional area of the diffuser. In order to describe the generatrixes of the inner surface of the diffuser
there were used polynomials of various degrees that lead the mass conservation equation to the differential
equations with separable variables. The analysis of the results showed that the shape of the generatrix of
the construction in question makes no significant effect on the flow velocity increase near the wind wheel.
This can also be backed up by the results of some tests of WPPD models carried out by the researchers
from Buketov Karaganda State University in 2018.

Subsequent mathematical investigations reveal the influence of the geometric parameters of the
fairings on the increase in the air-flow rate by 12-13% [5]. These calculation data are the basis for further
experimental design and technological work essential for the creation of a technical prototype in order to
obtain acceptable output parameters of the WPPD.

Parameters and advantages of the WPPD. Due to the grants from the Committee of Science of the
Republic of Kazakhstan, there were constructed experimental prototypes [3] of a composite WPPD with
the following parameters: mass — 95 kg, tower height — 4 m, designed capacity — 1 kW, temperature range
— between 50° C below zero to 80° C above zero, material — fiberglass, service age — 20 years. Generation
of current begins when the intense wind speeds range from 4 to 25 m/s.

It is worth noting that today there are only 4 or 5 types of wind power plants with diffuser. The states
currently engaged in their construction are USA [4], Japan [5,6], UK [7] and Kazakhstan (figure 1).

WPPD in the USA WPPD in Japan WPPD in UK WPPD in Kazakhstan
Figure 1 — Various types of WPPD in the world

WPPDs made outside Kazakhstan are stationary, i.e. they are not mobile. Unlike them, the WPPD in
question is mobile. Mobility is achieved due to the smaller size of WPPD compared to the common types
of wind turbines. Assembly (and disassembly) of the WPPD in the field conditions takes no more than 2-3
hours and can be carried out by 3 people without any special lifting devices.

Advantages of the described wind power plant include its ease of use, high maintainability, climate
resistance, safety of a wide range of applications, quiet operation, low metal consumption, attractive
design, lack of radio interference and some others. It is very convenient for those people whose jobs and
occupations demand frequent moving: cattle breeders, geologists, tourists, fishermen, rescuers and other
consumers, especially those living or working in numerous remote and hard-to-reach locations of
Kazakhstan.

The diffuser of the wind turbine in question turns to the wind with its narrow part and increases the
speed of the air flow. It also protects the windwheel from the sun, birds, moisture, dust, etc. The WPPD is
areliable, noiseless and environmentally friendly source of energy.

Efficiency of the wind power plant with diffuser. The power of impeller type wind turbines (with
horizontal axis of rotation) is calculated according to the formula [8,9]:

P = kD?V3, (1)
D — diameter of the windwheel; V' — wind speed; coefficient £ depends on air density, wind energy
utilization coefficients, transmission mechanism and generator.

Design characteristics of the compact wind turbine. According to formula (1), generation of power
by the wind power plant depends on wind speed, diameter, shape and material of the windwheel. Relation
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(1) shows that the increase of power is proportional to the squared diameter of the area swept by the
windwheel. Thus, for example, if the blade is lengthened by 3 times, then the output power will increase
by 9 times. This, certainly, causes a set of problems connected with material requirements, increased
construction costs, ensuring strength, stability, etc. In this regard, small scale wind turbines are more
reliable.

It seems more preferable to achieve the increase of power capacity by using other multiplicands in
(1), since it depends, for instance, on wind speed cubed. This is a more determining factor. Wind speed
depends not only on numerous climatic factors, but also on the type of the land surface and height above
the ground. Various obstructions on the ground and friction of the lower layers against the earth's surface
reduces the speed of the wind flow. Yet, it is at lower heights that turbulence of wind increases. If you
take some random fixed place meeting all the necessary wind power plant dimension criteria, you will see
that even within its boundaries the wind will frequently change its vector and “diffuse” kinetic energy in
different directions [10]. Therefore, it is desirable to have such an air stream in which all particles will
move in one specified direction. This can be achieved by ordering motion of particles, for instance, with
the help of a horizontal tube or a diffuser. This will make the air flow less turbulent and directed [11]
perpendicular to the plane of the windwheel rotation. Remarkably, the efficiency of the latter will increase
significantly, especially if a diffuser is used, since the flow speed near the blades is higher compared to the
speed outside the diffuser. This, according to formula (1), increases the power considerably. However, in
the blades there may also arise significant centrifugal (tensile) stresses proportional to the density of the
material and the square of the rotational speed. The increase of angular speed can be compensated by the
corresponding decrease in the mass of the windwheel, if modern lightweight materials are used instead of
metal.

The urgency of such problems as energy fuel price rises and new ecological requirements became
apparent in the late 20" century and coincided in time with the development and production of composites
— materials with specified properties. Composite materials are materials formed by means of volumetric
coupling of chemically heterogeneous constituents. They combine best properties of their constituents:
strength, ductility, wear rate, low density, etc. It is remarkable that the composition itself is distinguished
by such properties that none of the components, when taken separately, possesses. The most important of
these properties include high specific strength, stiffness of the reinforced structure and the possibility of
their variation by choosing particular constituents, modifying the structure, etc. [12].

Wind turbine power output grows proportionally to the cube of wind speed. Availability of the
diffuser contributes to the decrease of pressure in its expanding section. This causes an increase in speed
of the air flow and kinetic energy in the narrow part of the diffuser [13, 14] where the windwheel is placed
(figure 2).

- !

WINDWHEEL

IMFFUSER

Figure 2 — The main scheme and a model prototype of a windwheel with the diffuser

In a common type of the wind-driven power plant there chiefly interact 2 key parts: its generator and
the blade exposed to the unrestricted air environment. Unlike the common type of the wind power plant,
the WPPD under consideration has an additional mechanism of interaction: its windwheel and a diffuser in
the restricted airflow. This gives rise to a wide range of new theoretical and technical problems and tasks
connected with aerodynamics and oscillations, stability and strength, electrodynamics, etc.

— 3 ——
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Mathematical justification for the use of a diffuser. Without dwelling on the complex mechanisms of
the processes inside the diffuser, we shall consider a one-dimensional motion of incompressible fluid (air).
To find the simplest analytical dependence of the flow speed distribution along the axis of the diffuser, we
shall use the mass conservation equation [15]:

Vdx Sdx

The internal generatrixes of the diffuser with an airfoil in its longitudinal section can be described by
using a parabola y=a+bx’ in accordance with Figure 3.

Then the cross-sectional area of the rotating body will be: S = m * y2(x) = m(a + bx?)? , if we
apply this relation to formula (2), we shall get an ordinary differential equation with separated variables

av bx

174 a+bx?

dx

Using the method of separation of variables, the general solution can be presented in the form:

_ c
(a+bx2)2’

where ¢ — the constant of integration.
Using the experimental ratio V' = 1,27 Voo [16], we shall obtain the formula

_ 1.27a%V,
(a+bx?2)2’

which, considering the real dimensions of our WPPD: a=0.5 m., b = 0.35 m, 1, - wind speed outside the
diffuser.

Here: Vinput = 1.13 Va3 Vouger = 0.32 Vo,

The obtained speed distribution and diffuser profile are presented in figure 3a.

As it was specified above, with the consideration of formula (1), the experimental theoretical relation
V = 1.27 Voo - requires doubling of the output energy of the wind turbine, such as 1.273 = 2.05.

These calculations are made for the diffuser without taking into account the area of the windwheel.

Air-flow velocity coefficients with the consideration to the wind wheel. If we equip the diffuser with a
center body — wind fairings in the form of combined paraboloids of rotation, this can alter the speed
profile. To obtain numerical data, the internal content of the diffuser is divided into 4 zones, whose
longitudinal section contains flat areas for separate integration. As shown in figure 3b, these areas are
bounded by curved lines — the generatrixes of the diffuser (on the inside) and the wind turbine fairings.
The obtained solutions of the differential equation are consistent at the boundaries of these areas.
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Figure 3 — a) curve I — speed distribution along the diffuser axis;
curve II — inner generatrix of the diffuser profile; b) division of the diffuser section into zones

After solving the tasks with the consideration of division into zones, we shall obtain the
corresponding profiles of flow speeds, similar to the ones shown in Fig. 3a. For different types and sizes
of the generator there were obtained the following values of input speed, speed at the output of the
diffuser, and speed in the zone of the windwheel:
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Vinput: k1Voo, Vinax= kZVDO: Voutlet= k3 V.

where k,€[1.06; 1.1], k,€[1.21; 1.28], k3€[0.29; 0.31].

The average value of the wind amplification coefficient k, equals to 1.245. This leads to an increase
in power by up to 1.93 times.

Results of field tests. The first field tests were carried out on the mobile stand-car "Gazelle" with the
WPPD and instruments installed on it. This is an affordable and effective way of testing.

Figure 4 presents the results of testing the first WPPD prototype. The curved lines show that the
voltage produced by the WPPD is 1.4-1.5 times higher than that produced by the wind turbines without a
diffuser. This means that the diffuser almost doubles the power capacity of the wind power plant.
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Figure 4 — Voltage U, dependence on wind speed

These results can be of use when designing other types of WPPD. They can be also helpful for the
construction and research of experimental models of wind power plants.

Figure 5 shows the output values of the accumulated at 24 h. capacities P4 of the most recent
prototypes: WPPD-3 and WPPD-4, constructed in 2014 and 2017 respectively. They differ in weight and
other characteristics. It should be noted, that in 2017 there were applied various rotary devices. The test
results of 2017 are presented in the form of graphs reflecting operation of WPPD-4(1) and WPPD-4(2)
when the electrical load (battery) is connected to it. For comparison, we also show the data for WPPD
received earlier in 2014.
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Figure 5 — Graphs of power generated by WPPD-3, WPPD — 4(1) and WPPD — 4(2)

Variability of the values of the wind turbine output parameters in the two graphs above does not
exceed 10% at wind speeds of 6-8 m/s. Apparently, the variability is caused by the peculiarities of the
rotating device. At speeds of 3 to 6 m/s, the variability is insignificant.

From the comparison of the three curved lines depicted in figure 5, it follows that there is a “band” of
numerical values of energy for the 2017 electric generator, whose average points are 5.5 times higher than
for the WPPD with an electric generator of 2014.

— 34 ——
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Conclusion:

1. The work in question helps to design a prototype with competitive parameters which will serve as
the basis for small-scale production.

2. In the range of wind speed of 4-7 m/s, the new generator provides a significant increase in the
accumulated energy.

3. Rural residents have problems with electricity availability, therefore this issue still remains relevant
[8,16,17]. The WPPD in question can solve these problems to some extent.

4. The use of this WPPD will have both economic and environmental effect and provide energy
independence at the local levels.
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JUODY30PbI BAP KOMIIO3NIUAJBIK MOBMJIBAI )KEJISHEPI'ETUKAJIBIK KOH/IBIPTFBI

Annotanust. 2002 5xbUTbI 00JIBIC OKIMIEP] KATBICKAH Ke3/IeCy/ie MeMIIEKET OacCIIbIChl ayblIIapAblH MEMJICKETTe
eHjipinreH sHeprusiubiH 10%-bIH FaHa TYTHIHATBIHBIH aTan OTTi. ByJl TeK SHepreTHKajbIK JKeNIepiH Harap-
JIBIFBIMEH KaTap KOINTEreH aybUIIbIH KAIIbIK OPHAIACYbBI )KOHE XaNbIK THIFbI3/IBIFbIHBIH TOMEHIITIHE OaliIaHbICThI JeTl
tycinaipiai. Ochl Karaainap/isl eCKepe OTBIPBII, OJap/ibl Ke3-KEJIreH KOJI JKETIeHTIH jKepre oHal xeTkizyre Ooa-
THIH aBTOHOM/IbI DHEPrHs KO3IMeH KaMTaMachl3 eTyre Oaca Hazap ayaapbuiibl. Coi yakeiTTan Oepi 20 IaKThl Kb
OTKEHIMEH, ayblJl TYPFBIH/IAPBIHBIH HEPTUsHBI TYTHIHY MeJIIepi OipHelle ece TOMEH/IeN KeTKeHi Oenrisi 00bL.

Ocbl TybIH/QI OTBIPFAH KHUBIHIBIKTAH IIBIFY YLIIH TYTHIHYIIBUIAPABI 3JIEKTP JHEPrHACBIHBIH TYPJl IIAFbIH
KO3IMEeH KamTamachi3 ety Kaxer. ConapiblH apachlHaH KYHHIH, XEJJIiH JKOHE T.0. opacaH TaOWFH IOTEHIIHAJIBI
KOJIIaHbUIATHIH, KAaHAPTHUIATHIH HEPTHs KO3iH epekiie aTan otyre 0onansl. Onap ajgaM eMipiHiH carachiHa KaKChl
acep ere Oepe OTBIPHIN, TAOWUFAT IMEH KOFAMHBIH JKOJIOTHSIBIK Teme-TeHmirid O0y30aiinel. CoHbIMEH Oipre, Kei
9HEPreTUKachl OAFbITBIH AWPBIKIIA aTalm Ty KaKeT, OWTKEeHI eNJiH JKell KaJacTpbl aya aFblHbIHA KOJDKETIMII
eKeHJIITiH pactan oThlp. KenTereH caparbiiapabiH aiTybl OOMbBIHINA JaablK )Ka3bIKTap MEH YCTIPTTePIiH KeHIIrl
’KeJI SHEPTreTUKACHIHBIH J1IaMyblHa OHTAJIbI OOJIBIN CaHAJIA/IBL.

OTaHIpIK FaIbIMIAP SHEPIHs THIMIUIINT MEH JKEPriUTIKTI JKepAeri camajibl KOJIAHBICBIH IOJCIIICTEH JKEI
TypOMHAJIapbIHBIH OipHele TYpiH jkacam mibiFapyna. Ochkl CTalMOHAP 3HEProMallMHAIAPBIMEH CaJbICTBIPFaH[A,
3eprreniHetid Auddy30pbl 0ap KOMIO3UTTIK JKeJDHEPreTUKAIBIK KOHABIPFBI (JIYKOK) KbUDKbIMaIIbl OOJIBIN KN/
Bysl KOHIBIPFBIHBIH JKEHUT JXKoHE OepiK KOMIIO3ULMSUIBIK MaTepualiiaH — IIbIHBl TAaIIBIKTAH JKacalybl OHBIH
MOOHIBII OOMybIH KamTamachi3 erefii. COHbIMEH KaTap, KOJDKETIMAI MHXKEHEPIIK 9[[ICTep MEH ecelTey Heri3iHie
naiibiaaanrad audGy30pAbH apHaiibl OpMaCchl KOHCTPYKIIMS TU3aHBIHBIH KAHAIIBUIIBIFbIH AHKbIH AW IBI.

Makana nuddy3opsl 6ap KOMIO3UIUSIBIK KeJIIHEPreTHKanblK KOHABIPFbIHBIH ([XKOK) TexHukambik mpoto-
THUIH ko0aJlaybIH MaTeMaTuKalbK Oenimine apHanrad. XKymbicta auddy3opabiH THiMAI GOpPMACBIH ajly YIIiH
TEOPUSUIBIK 3EPTTEy JKOHE JKCIEPUMEHTAIIBI-TOKIpUOENiK JepexTep kentipinai. WmkeHepiik ecentey, X eke
FBUIBIMH 3€pPTTEYJIEP/IiH, TATEHTTEPIIH XKOHE JANANbIK ChIHAKTAPAbIH HOTHKENepl KOJIIaHbLIJIbL.

Kanak aiimarpiHla MakKCHUMAJbl O KbULAAMJBIKTBI KAaMTaMachl3 €TETiH KOHCTPYKIMSHBIH €H YThIMJIBI
nmapameTpiepi ecenreneni. byl eHIPIETIH 3JIEKTP SHEPIHACHIH apTTHIPaasl, ce0ebl O JKbUIAAMIBIKTBIH YIIIHII
Jopexecine Toyenai. JKbU1naMIbIKThIH apTybl AU Gy30pAbIH Tap 0eiri apKbpUIbl OHBIH KEHEI0 aiiMarblHa OTyiHe
Heri3fiereH xoHe bepHyiun Tenneyine colikec keneni. JuddepeHupuanaplk TeHaeyIep arblHHbIH JKbUIIAMIBIFbIH
muddy3op KMMachIHBIH ayJaHbiMeH OaiimaHbicThipaabl. COHbIMEH Kartap, OHbIH imKi Oeiwiri — muddysop ociHiH
ailHaachIHIAFbl TY3YILI CHI3BIKTAp/IbIH aliHaidy OeTi. BeTTiH mMilliHIH aJbIHFAaH MaTeMaTHUKAIIBIK eCelTey HeTi3iHie
perreyre Oonaabl. byl KHCBIKTAp opTYpJIl A9pexe/ieri MOJTMHOMIAp TYPIHE CHIIATTaNFaH.
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OpOip ChI3BIK YIIIH alHBIMAJIBUIAPHI AXKBIPATHUIATHIH Ju(depeHInanIbIK TeHIeY KeKe-)KeKe HHTerpaJaHa bl
KOHE IKeJasK aliMarbIH/a JKell KbUIIAMIBIFBIHBIH KYIIe01 KOG (GHUIMEHTIHIH MaMachl OONBIHILIA OHTAWJIBI HYCKa
TaHJanaabl. AJIBIHFBI YKCIIEPUMEHTAIABI KYMbBICTApFa HETI3/ENIeH jKOoHEe 0acka reHeparopiiap 9CepiMeH CalibiC-
TBIPY YLIIH KBaAPATThIK QyHKIHUS MbicaiFa Kenripiiren. CaHra JieiiH KeTKi3UINeH aHAINTHKAJIBIK MISIIiM el KOH-
JIBIPFBICHIH Taiijaliany [apTrapbiHa OapbIHINA JKAKbIHAATHUIFAH ChIHAKTApAa IQJEJJICHIeH. AJIbIHFAH rpadukrep
OHJIpUIreH 3Heprus yuiH Iuddy3opbl 0ap KOMIO3HLMSIIBIK JKeJIdHepreTHKanblK KOHIbIpFbIHbIH (JXKOK) Typii
YJITiIepiH/e KyaT eciMiH eKi XKoHe OJIaH Ja KOIl ece KopCeTe/i.

Maxkanaga COHFBI OipHEIIe KbUI OOMBI 93IPJCHICH JKOHE »KacajfaH KOMITO3HMTTIK TOKIPHOCTIK YIIriTepaiy
OpTYpJIi HYCKaJIapblH 3€pTTey HOTWKenepi kepcerinreH. Omnap Oip-OipiHeH siieKTporeHepaTopiapiably (U3MKa-
reOMETPUSIIBIK MapamMerpiepiMeH Jie, IIbIHbI IUIACTUKTEH JKACallFaH JKeJ WIETIINTIH KHUBIHTHIKTAYIIbl dJIEMEHTe-
piMeH Jie epekiieneHe . 3aTThIK ChIHAK HOTHXKeNepiHiH iminge eH TuiMal Hycka JIPKOK - 4 KoHCTpyKIMSCH OOJIBII
canananel. OraH coiikec Matepuamaap «Actana. DKCIIO-2017. bomamak 3HEpTHACH XadbIKapaiblK MaMaHIaH IbI-
PBUIFaH KOPMECIH/IE YChIHBUIFAH J)KOHE Capariibuiap MEH KOFaM OKUIAEPiHIH KbI3bIFYIIBUIBIFBIH TYIbIPIbI.

CoHbBIMEH KaTap, TeHepaTOpIbIH aiiHajIara aFyblH €CETKe ajla OTHIPHIN, cunaTtrairad oxicteme JDKOK-ubI oman
opi xkeringipy OoiibiHIIa HOTHXKeIepre okeneni. Makana MoOmibai kKomrno3uuusuiblk JIYKOK-HBIH TeXHHUKAJIBIK
MPOTOTHUIIIH KYPY YIIiH HEri3 OOJIBIN CaHAIa/IbI.

Tyiiin ce3ep: jxeIPHEPreTUKAIIBIK KOHIBIPFBI, KOMIIO3UIHSIIBIK MaTepuall, el JeHreneri, Auddy3op, IMbIHbI
TUIACTHUK.
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MOBUWJIBHASI KOMITO3UIIMOHHASI BETPOOHEPI'ETHYECKAS
YCTAHOBKA C JU®DPY30POM

Annoranus. Emé B 2002 roqy Ha coBemIaHny ¢ pyKOBogUTeIIMH obnacteit [ 1aBa rocyaapcTBa OTMETHIL, UTO
ceno motpedursier uimb 10% 3IIeKTpOIHEPTUH, MPOM3BOANMON B CTpaHe. DTO OOBACHIETCS HE TOJIBKO M3HOIICH-
HOCTBIO SHEPIreTHYECKUX CETeil, HO M OTHAIEHHOCTHIO MHOTHX ayJIOB, a TaKK€ MaJlol IJIOTHOCTBIO HACENICHHS.
Hcxonst u3 sToro ObII chenaH akIeHT Ha oOecreYeHre MX aBTOHOMHBIMH HMCTOYHHKAMH SHEPTHH, KOTOPBIE JIETKO
MOJKHO JOCTAaBHTH B JIO0OH TpyOHOZOCTYHHEINH MyHKT. C Tex mop mponuto modtd 20 JeT, a Aois NmoTpeOeHus
JIEKTPUYECTBA CEIbCKUMH JKUTEISIMH yIana B HECKOJIBKO pas.

Jns BeIXO#a M3 TAaKoro OEICTBEHHOTO IIOJIOKEHUS MMEET CMBICT O0ECHEeYHTh MOTpeOnTENeH pasTudHBIMU
MaJIbIMH HCTOYHUKAMH JIEKTpUIecKor sHeprun. Cpeau HUX MOXKHO 0CO00 BBIAEIUTH BO30OHOBISIEMbIC HCTOUHUKN
SHEPIrHUH, KOTOpBIE A(P(EKTUBHO HCIONB3YIOT OTPOMHBEIN HpupomHblii moreHnman ConHmna, Betpa W T.1. OHH
6J1arOTBOPHO BIMSIIOT HAa KAa4eCTBO >KU3HEICSTEIFHOCTH YEIOBEKa W HE Pa3pyIIAIOT JKOJOTMYECKOE PaBHOBECHE
pupos! U obmiecTBa. [Ipy 3TOM MOKHO BBIIEIUTH HANPABJICHUE BETPOIHEPTETHKH, ITOCKOJIBKY BETPOBOM KagacTp
CTpaHbl ITOATBEPKAACT HEMCYEPIIAeMOCTh 3alacoB JOCTATOYHO MJOCTYNHBIX BO3IYLIHBIX IIOTOKOB. Hammtume
OOIIMPHBIX IUIOMIAJeH CTEMHBIX PAaBHHUH W IUIOCKOTOPHBIX MAacCHBOB, KaK OTMEYAalOT MHOTHE CIEIHaHCTHI,
OIaronpuUATCTBYET Pa3BUTHIO BETPOIHEPTETUKH.

OTedecTBEeHHBIMH YYEHBIMH pa3padaThIBAeTCsl HECKOJIBKO BHJIOB BETPOYCTAHOBOK, KOTOPBIE YK€ JIOKa3aId
CBOIO 3HEProd(pPEeKTUBHOCTH M MPUMEHUMOCTb B COOTBETCTBYIOIINX MECTHOCTAX. B oTnm4me OT 3THX cTammoHap-
HBIX DHEProMaIlliH pa3pabaTeiBaeMasi KOMITO3UIIMOHHAS BETPOIHEpreTHIecKas ycTaHoBKa ¢ muddyzopom (BOY ) —
nepeHocHas. E€ MOOWIBHOCTE 0OOyCIIOBIE€HA TEeM, YTO BCS YCTAHOBKA H3TOTOBJICHA M3 JIETKOTO U TIPOYHOTO
KOMITO3MILIMOHHOTO MaTepuajia - CTEKJOIUIacTHKa. IIpm 3TOM HOBH3HY KOHCTPYKIMH IpuaaeT ocobas ¢opma
muddysopa, KoTopast co3gaHa Ha OCHOBE JIOCTYITHBIX HH)KEHEPHBIX METOIOB U PAacUETOB.

Cratbsl TOCBSIIIEHAa MATEMaTHIECKOW YacTH 3Tara IPOSKTHPOBAHMS M ONBITHOTO 0OOCHOBAaHHS TEXHHIECKOTO
mpoToTUIa KoMmno3unnonHor BOV/I. B pabote mpHBOAATCS TEOPETHIECKOE HCCIECIOBAHUE M IKCIIEPHIMEHTAIBEHO-
MpaKTUIECKUe MaHHbIC U moxydeHus 3pdexruBHON Gopmbl auddysopa. Mcmons3yroTes HHXEHEPHBIE pacuETHl,
pe3ynbTaThl COOCTBEHHBIX HAYYHBIX UCCIIEIOBaHNI, TATEHTOB U MOJIEBBIX MCIIBITAHHUH.

Boruncnstrorcss HamOosee palioOHATIBHBIE IApaMeTphl KOHCTPYKIHMH, OOECHEYMBAIOIINE MAaKCHMAIbHYIO
CKOpOCTh B 30HE JIOHAacTei. DTO MPUBOAUT K POCTY BHIpaOaTHIBAEMOHN 3JIEKTPOIHEPTHH, TaK KaK OHAa 3aBHCUT OT
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TPeThell CTENEHU CKOPOCTH. YBEIMYEHHE CKOPOCTH OOYCIIOBJICHO €ro MpOXOXKAECHHEM 4epe3 Y3Kyr 4acTh quddy-
30pa B 30HY pacIIMPEHHUs] U COOTBETCTBYeT ypaBHeHuio bepuyium. nddepeHuuaibHoe ypaBHEHHE CBSI3bIBACT
CKOpOCTh TOTOKAa M IUIOMIaAh MomepeyHoro cedenus anpdysopa. Ilpu 3ToM ero BHYTPEHHSAS 4YacTh €CTh
MOBEPXHOCTh BpAILEHUs] 00pa3yIoIuX JMHUKA BOKPYr ocu nuddysopa. dopma NOBEpXHOCTH MOJAAETCS pEryiiu-
POBaHHUIO HA OCHOBE MOIYYEHHBIX MAaTEMaTHIECKUX PacCueTOB. DTH KPUBBIC ONMCAHBI B BU/I€ IOJTMHOMOB PAa3IHIHBIX
CTEIEHEH.

JuddepeHumnanbHoe ypaBHEHHE C Pa3ACIISIOUIMMUCS IEPEMEHHBIMH JUIS KaXXIOW JTMHUM MHTETPUPYETCS T10-
OTJIETIbHOCTH M BBIOUPAETCS ONTHMAIIBHBIA BAPHAHT 10 BeJH4YMHE KOG (HUINEHTa YCHUIICHUS! CKOPOCTU BETpa B 30HE
BeTpokosieca. [IpuBenéH mpumMep ¢ KBaapaTHYHOH (QYHKIMEH, KOTOPbIA ObLI 3KCHEPHUMEHTAILHO OOOCHOBAaH B
paHHUX paboTax W MCHOJB3YETCs 3leCh IJIsl CpaBHEHUsI ¢ APQPeKTaMHu OT APYruX IeHepaTopoB. AHAIUTHYECKOE
peleHne, NOBEACHHOE OO 4YHCia, MOATBEPKACHO HA HCHBITAHUAX, MAaKCHMAIbHO MPHUONMKEHHBIX K YCIOBUAM
9KCIUTyaTallii BETPOYyCTaHOBKU. llomydenHsle rpaduku s BeIpaOaTHIBAEMOM SHEPTHH Ha pa3IMYHBIX 00pa3max
BOY]l neMOHCTpUPYIOT MIPUPOCT MOIIIHOCTH B [IBa U OoJee pasa.

B crathe oTpakeHBI pPe3yIbTATHl WCCIIEAOBAHHHA PAa3NWYHBIX BapHAHTOB KOMIIO3WTHBIX OMNBITHBIX 00pasIioB,
pa3paboTaHHBIX W CO3JAAHHBIX HA MPOTSHKEHWH HECKONBKHX MOcienHUX JeT. OHM OTINYaloTCsA APYT OT JApyra Kak
(hM3UKO-TEOMETPUIECKAMH MTapaMeTpaMH 3JIEKTPOTEHEPATOPOB, TAK M COOTBETCTBYIONIMMH MM KOMIUIEKTYIOIIUMHI
JJIEMEHTaMH BETPOKOJIeCa, M3TOTOBJICHHBIX M3 CTEKJIOIUIACTHKA. M3 pe3ynpTaToB HATYpHBIX MCIBITAHUH CIEIYET,
YTO HAWIYYIINM BapHaHTOM sIBJIsieTcs KOHCTpyKmsa BOVY/[-4. CooTBeTCTByIOMNE €My MaTepranbl ObUTH IPEICcTaB-
JeHpl Ha MeXIyHapOIHOW CHEeNHaln3upOBaHHON BRICTaBKE «AcTana.Jkcro-2017.29Heprus Oyaymiero» u BBI3BAIU
3HAYUTEIBHBIN HHTEPEC KaK Y SKCIIEPTOB, TaK M y MPEICTaBUTENEH OOIECTBEHHOCTH.

OnmcanHas METOANKA, C YIETOM TakXe o0TeKaTenell TeHepaTopa, IPUBOIUT K Pe3yIbTaTaM IO JallbHeHIIeMy
coBepuieHcTBoBaHui0 BOVY/I. CraTbsi CIIly)KUT OCHOBAaHHMEM JUIS CO3JAHUSI TEXHHYECKOTO MPOTOTHIA MOOMIBHON
KOMMO3uInoHHoM BOV/I.

KioueBble ci10Ba: BeTpodHEpreTHiecKkasl yCTaHOBKA, KOMITIO3ULIMOHHBIH MaTepual, BeTpokoseco, nuddysop,
CKOPOCTb.

Information about authors:

Baishagirov Khairulla, Head of the design and testing laboratory engaged in the creation of wind power plants
from composite materials at Sh. Ualikhanov KSU, doctor of technical sciences, academician of the International
Academy of Sciences of Ecology, Human and Nature Safety (MANEB), professor of Sh. Ualikhanov Kokshetau
State University, Kokshetau, Kazakhstan; bayshagir@mail.ru; https://orcid.org/0000-0002-1651-3666

Kalimoldayev Maksat, Director general of Institute of Information and Computational Technologies, Doctor of
sciences, professor, academician member of the National academy of science of the Republic of Kazakhstan,
Almaty, Kazakhstan; mnk@ipic.kz; https://orcid.org/0000-0003-0025-8880

Karimbayev Telman, Head of Department of P.I. Baranov Central Institute of Aviation Motor Development,
doctor of technical sciences, professor, Moscow, Russia; karimbayev(@ciam.ru

Omarov Bakhyt, Lecturer at the department of physics and mathematics of Sh. Ualikhanov Kokshetau State
University, researcher at the design and testing laboratory engaged in the creation of wind power plants from
composite materials at Sh. Ualikhanov KSU, master of Science, Kokshetau, Kazakhstan; omarov.bakhytl @mail.ru;
https://orcid.org/0000-0002-9949-9408

Yermaganbetova Saule, Doctoral student specializing in mathematics (educational program 6D010900),
Sh. Ualikhanov Kokshetau State University, Master of Science, Kokshetau, Kazakhstan; sever sk@mail.ru;
https://orcid.org/0000-0002-0277-593X

REFERENCES

[1] Abykayev N.A., Kuznetsov O.L., Bekturganov N.S., Spitsyn A.T., Zeynullin A.A., Sheulin A.S. More on the
perspectives of sustainable energy in future Kazakhstan until the year of 2050 // Bulletin of “Kazakhstan National Academy of
Natural Sciences, 2 (2013). P. 5-34 (in Russ.). https://kaznaen.kz/?page id=413.

[2] Ibrayev A. Power industry in Kazakhstan: yesterday, today, tomorrow. A slide from the presented report. Astana, 2017.
12 p. (in Russ.). http://nauka.kz/upload/files/adil ibraev - energetika kazahstana vchera segodnya zavtra.pdf

[3] Bayshagirov Kh.Zh., Wind power plant // Innovation patent for the invention of a utility model granted in the Republic
of Kazakhstan, N 802, (04.16.2012) (in Russ.). http://kzpatents.com/4-u802-vetrovaya-energeticheskaya-ustanovka.html

[4] Wajeeha A. This design for a cheap wind turbine inspired by the jet engine could revolutionize wind power technology
// Wonderful Engineering. Technology, 2016 (in Eng.). https://wonderfulengineering.com/this-design-for-a-cheap-wind-turbine-
inspired-by-the-jet-engine-could-revolutionize-wind-power-technology/




N E W S of the Academy of Sciences of the Republic of Kazakhstan

[5] Yuji Ohya, Takashi Karasudani. A Shrouded Wind Turbine Generating High Output Power with Wind-lens Technology
// Energies journal, (03.31.2010). P. 634-649 (in Eng.). https://www.mdpi.com/1996-1073/3/4/634

[6] Nolten T. Japanese breakthrough triples wind power // BetterWorldSolutions. Netherlands, (06.06.2019) (in Eng.).
https://www.betterworldsolutions.eu/japanese-breakthrough-triples-wind-power/

[7] Meetoo K. Wind turbines with 3D printed device // Designboom. Milan, 2011 (in Eng.). https://www.designboom.com/
technology/krishan-meetoo-redesigns-wind-turbines-with-3d-printed-device/

[8] Tleuov A.Kh. Non-conventional energy sources // Foliant. Astana, 2009. 248 p. (in Russ.). https://www.twirpx.
com/file/2258639/

[9] Masoud A.Z. Design and CFD analysis of airborne wind turbine for boats and ships // International Journal of
Aerospace Sciences, 4 (1) (2016). P. 14-24 (in Eng.). http://article.sapub.org/10.5923.j.aerospace.20160401.03.html.

[10] Yablonsky V.S. A brief course of technical hydromechanics // State publisher of physical and mathematical literature,
(1961). 356 p. (in Russ.). https://www.twirpx.com/file/2334808/

[11] Yemtsev B.T. Technical hydromechanics // Mechanical Engineering. M. (1987). 440 p. (in Russ.).
https://www.twirpx.com/file/1933886/

[12] Karimbayev T.D., Luppov A.A. Model of fatigue life of composite materials. The main approaches // Composites and
nanostructures6 10, 1 (37), (2018). P. 1-13 (in Russ.). http://www.issp.ac.ru/journal/composites/2018/content-1-2018_en.pdf

[13] Siavasha N.K., Najafia G., Hashjina T.T., Ghobadiana B., Mahmoodib E. An innovative variable shroud for micro
wind turbines // Renewable Energy, 145 (2020). P. 1061-1072. (in Eng.). https://www.sciencedirect.com/science/
article/pii/S096014811930922X

[14] Kazuhiko Toshimitsu, Hironori Kikugawa, Kohei Sato, Takuya Sato, Experimental Investigation of Performance of
the Wind Turbine with the Flanged-Diffuser Shroud in Sinusoidally Oscillating and Fluctuating Velocity Flows // Open Journal of
Fluid Dynamics, 2 (2012). P. 215-221 (in Eng.). https://www.semanticscholar.org/paper/Experimental-Investigation-of-
Performance-of-the-in-Toshimitsu-Kikugawa/cdea7d7b6862e6d7e86a21e354605¢a4d6610d2f

[15] Povkh IL. Technical hydromechanics // Mechanical Engineering. Leningrad, (1969), 524 p. (in Russ.).
https://opac.mpei.ru/OpacUnicode/app/webroot/index.php?url=/notices/index/IdNotice:228514/Source:default

[16] De Renzo D. J., Zubareva V.V., Frankfurt M.O., Shefter Ya.l. Wind power recent developments // Energoatomizdat.
M. (1982). 223 p. (in Russ.). http://gildiam.ru/Portals/0/doc/literature/Vetroenergetika.pdf

[17] Kalimoldayev M., Akhmetzhanov M., Kunelbayev M. Determination of the power interaction of the hydro turbine
GRID with a fluid flow for a double-rotor micro hydro power plant // News of the National Academy of sciences of the Republic
of Kazakhstan. Physico-mathematical series. Vol. 4, N 326 (2019), 59-67 (in Russ.). https://nauka-
nanrk.kz/assets/assets/xypHan%202019%204/physical%20and%20mathematical_04 2019.pdf

[18] Zdorovets M.V., Extract No. 2 from the minutes of the meeting of the National Scientific Council on the issues of
"Energy and Engineering" // National Center for Scientific and Technical Expertise. Astana, 1 (1,2,3,4) (01.19.2018). P. 4-32
(in Russ.). https://www.ncste.kz/ru/energetika-i-mashinostroenie-2018




N E W S of the Academy of Sciences of the Republic of Kazakhstan

Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere,
that its publication is approved by all authors and tacitly or explicitly by the responsible authorities where
the work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in
English or in any other language, including electronically without the written consent of the copyright-
holder. In particular, translations into English of papers already published in another language are not
accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBuna opopmiieHHs cTaTbU Ui My OJIMKALMK B )KYypHaJIe CMOTPETh Ha CalTe:

www:nauka-nanrk.kz

ISSN 2518-170X (Online), ISSN 2224-5278 (Print)

http://www.geolog-technical.kz/index.php/en/

Penaxropst M. C. Axmemosa, /]. C. Anenos, A. Axmemosa
Bepctka /. A. A6opaxumosoii

IToamnucano B nieuats 14.10.2020.
®dopmar 70x881/8. Bymara odeernas. [leaars — puzorpad.
14 1. Tupax 300. 3axa3 5.

Hayuonanvnas akademus nayx PK
050010, Armamur, ya. [llesuenko 28, m. 272-13-19, 272-13-18



