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Investigation of aerodynamic characteristics from
the airflow angle of the rotating cylinder

Cylindrical body is classically an integral element of almost all aero-hydrodynamic devices and heat ex-
changers. Particular interest presents aerodynamic features with transverse flow and simultaneous rotation
around the cylinder's axis. The analytical calculation of the longitudinal flow past short cylinders with spheri-
cal ends, even when flowing around an ideal liquid is complicated. Therefore, to qualitatively evaluate the
length of the cylinder on the aerodynamics' flow around the rotating cylinder from the the bevel's angle of the
air flow is considered. The paper presents the results of experimental studies to determine the lifting force and
the lift coefticient. The results of the beam angle's influence on the aerodynamic characteristics of rotating
cylinders are given. The results showed that the reduction in the lift factor is observed at the bevel's angles of
over 30°, so within the bevel angles —30°<a<30° the windmill element in the form of a rotating cylinder works
efficiently. The results of experimental studies can be used to develop wind turbines with blades in the form
of rotating cylinders with a smooth surface. The results of the lift from the bevel angle of the flow, which var-
ied from 0° to 90°, are shown in the paper.

Keywords: cylinder, angle bevel, lifting force, air flow, coefficient of lift.

Studies of aerodynamics and the establishment of flow regularities around cylinders of finite length
with different end forms in a free unlimited flow of air for longitudinal and transverse flow over a wide range
of geometric and regime parameters are fragmentary and do not have a wide range in geometric and regime
parameters' changes. As a rule, the calculations use dependencies that are obtained up to infinitely long cyl-
inders, but practice shows that the ratio of the cylinder length to its diameter must necessarily be taken into
account in practical calculations. The establishment of dependencies for short cylinders with different end
geometry, taking into account the change in the relative length, is necessary for many engineering calcula-
tions of S.I. Isataev [1].

Indeed, near the ends of finite length cylinder, there is a significant deviation from the pattern of a plane
current - the spatial flow predominates. This, in turn, affects the entire aerodynamics of the streamlined
body. A significant effect on the coefficients of limited length cylinder’s aerodynamic drag was shown
in [2], in which cylinders with flat ends are investigated. With a relative length L / D = 40, the value of this
coefficient is 18 % different from the data for an infinite cylinder.

Reducing the relative length of the cylinder leads to a significant reduction in lift and drag [3]. It is
shown that at L / D = 1.0 the resistance of a short cylinder is 1.3 times higher than that the same sized ball.
This circumstance allows us to conclude that there is a significant effect of the ends' shape on the aerody-
namics of short cylinders. Theoretical calculation of the flow past short cylinders with spherical ends is not
yet possible, even for the simplest case of a potential flow of an ideal fluid. However, a theoretical under-
standing the effect of a transversely flowing cylinder's finite length can be obtained by considering the trans-
verse ellipsoids' flow of an ideal incompressible fluid, depending on their elongation, a / b, where a and b are
the lengths of the large and small semi-axes of the ellipsoid.

In the rotary motion of the cylinder in the upper air flow, the flow rate and
Lift Force  the surface speed are the same, they add up and flow acceleration and increase in
speed appear (Fig. 1).

At the bottom of the cylinder (Fig. 1) the flow rate and the surface speed
have opposite directions, they are deducted, there is deceleration and decrease in
speed. The appearance of such a difference in speed leads to a transverse pressure
difference and the appearance of a transverse lift force, called the Magnus effect.

We have used this phenomenon to create a wind turbine. The novelty of the
study is that, in contrast to the existing simple helical wind turbines, the blades
Figure 1. Magnus Effect  of which reflect the air flow for small angles, in our wind turbine the cylindrical
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elements much more efficiently capture the wind flow through the rotation of the cylinders themselves. Due
to this fact, the high efficiency of the wind turbine at low wind speeds is ensured.

Aerodynamics and heat and mass transfer in bounded vortex flows [4]. The effect of clogging the flow
on the regularities of an infinite cylinder's flow on the aerodynamic and hydraulic resistances are investigated
and systematized in the Zh. Akylbaev's work. The aerodynamics of short cylinders that are widely encoun-
tered in the elements of power aggregates and installations were studied by experimental and theoretical
methods in the V.M. Molochnikov's work [5].

However, nowadays there are very few papers devoted to the aerodynamics study of the flow past sin-
gle cylinder's complex nature and the rotating cylinders' system, which are elements of the wind turbine be-
ing developed, accompanied by a turbulent flow of interacting vortices group. Known works N.M. Bychkov
[6] refer to the determination the aerodynamic parameters of rotating single cylinders in the air flow.

On the basis of the available study analysis, the problem was posed an experimental study of a sophisti-
cated model - the aerodynamics of rotating cylinders, which are mutually interacting elements of a windmill
using the Magnus effect.

The aim of this work is to study the effect of the bevel angle on the aerodynamic characteristics of a ro-
tating cylinder. Earlier, studies were made of rotating cylinders' acrodynamic characteristics of variable
cross-section, which showed positive results [7, 8]. Experimental studies were conducted in the laboratory of
aerodynamic measurements of the thermophysics engineering department named after prof. Zh.S. Akylbaev
An experimental model of rotating cylinders was assembled, which was subsequently investigated in a
transverse air flow of different speeds. The model was fixed in the working part of the T-1-M wind tunnel
with the help of thin metal stretches to the frame of the three-component aerodynamic balance. The layout
refers to wind power installations using the Magnus effect.

The cylinder was 20 cm in length and 10 cm in diameter. The cylinder is attached to a horizontal shaft
supported by two metal stands at each end of the shaft. The racks are mounted on the platform. On the main axis
(shaft) are fastened smooth cylinders, an engine, a collector-brush system and at the end of the shaft a pulley.

The experimental setup contained a closedtype wind tunnel with an open working part with a met-
al frame suspended from a threecomponent aerody namic balance. The diameter of the working part was
0.5 m and its length was 0.8 m. Our experiments were carried out in the air flow velocity range 5-13 m/s
(Re =40 000-105 000) at a constant number of revolutions of the cylinder about its own axis. The head drag
and the lift force of the rotating cylinder were measured using the threecom ponent windtunnel balance. This
balance makes it possible to measure the head drag and the lift force to a high degree of accuracy. The block
diagram of the main elements of the setup in the working part of the wind tunnel is shown in Figure 2. The
experimental model was blown by a transverse air flow generated in the working part of the wind tun nel.
The cylinder was driven by an electric motor. The air flow incoming to the head part of the cylinder exerts
the force detected by all balances (Fig. 2).

3 4 5
TR GEIET N AN

1 — the cylinders studied; 2 — the frame for fixing the layout with the aerodynamic balance; 3 — the balance
measuring the drag force; 4,5 — the balance measuring the lift force; 6 — the cylinder anchor point;
7 — the motor for rotating the cylinders; 8,9 — the diffuser and confuser of the wind tunnel

Figure 2. Working section scheme, T-1-M wind tunnel
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The experiments have been conducted with both single cylinders and a system consisting of two cylin-
ders, as shown in the Figure 2. The experiments investigated the effect of the frequency and direction of the
cylinders rotation on the magnitude of the lift and drag forces. The measurements have been conducted at dif-
ferent speeds of the approach air flow in the presence of various degrees of the cylinders surface roughness.

The coefficient of lift Cy and the similarity criterion (Reynolds number) were determined by the
following formulas (1):

Cy= Aljy > Rezu.du >
Mg v ()
P 2
where F, — lift, H; p — air density, kg/m’; u — flow rate, m/sec; S — area of the midsection, m’;

L — characteristic sail size m [6].

The drag force and lifting force were measured using a three-component aerodynamic balance.

The flow rate varied within 5+15 m/sec.

As a result of experimental studies, dependence graph of the lift force on the angle of the airflow slope
is constructed (Fig. 3).
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Figure 3. Graph of the lifting force's dependence on the bevel's angle
of the flow for a cylinder 10 cm in diameter with a smooth surface

It can be seen from Figure 3 that when the angle of the airflow is increased, the lifting force decreases.
The efficiency of the cylinders' rotation was shown at angles of the flow's bevel a = 300 + 450. A further
increase in the bevel angle of the flow leads to a deterioration in the rotational efficiency of the cylinder.

Based on the experimental results of the lifting force, we calculated the coefficient of aerodynamic
characteristics from the bevel's angle at different values of the wind speed.

Figure 4 shows dependence graph of the lift factor on the bevel's angle at different wind speeds.
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Figure 4. Dependence of the lift coefficient on the bevel's angle at different values of wind speed
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From the obtained data of influence studies of the bevel's angle of the air flow on the rotating cylinder's
acrodynamic characteristics, the following conclusions can be drawn:

— a reduction in the lift factor is observed at angles of the bevel over 30°, so within the bevel angles
—30°<0<30° the windmill element in the form of a rotating cylinder works effectively;

— at the bevel angles —45°<a<45" the power element of the wind turbine works normally, the technically
minimal effect of the operation is provided, and at angles above 45° the efficiency of the operation decreases
sharply.

Cylinders, during rotation, entrain particles of air near their surface. These particles will move along the
surface of the cylinder in the direction of cylinder's rotation, creating a rotational air flow.

When the air stream flows around the rotating cylinder with an air stream, the cylinder moves from the
flow around the surface of the rotating cylinder, changing its trajectory in the direction of the cylinder rota-
tion. The entrainment of the incident flow's particles by the rotational flow and the bend of the oncoming
stream line depends on the type of surface and the speed of rotation.

The work was carried out with the grant funding of the IRN project No. AP05131520.
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H.K. Tanamesa, A.H. JIrocembaceBa, JI.JI. MuHbpkoB

A¥iHAIMAJIBI HHVIMHAPAIH 23POAMHAMHKAJIBIK CHIIATTAMAJIAPbIHA
aya arbIHbI OYPBILIBI 3CEPiH 3epTTEY

Knaccukanblk — Typaeri  IMIMHIAPIIK — JeHe  Oapiblk  a’pOrMAPOAMHAMUKANBIK — KYPBUIFBUIAD — MEH
JKBUTyaJIMaCTBIPFBILITAPABIH HXBIPAMAC JIEMEHTI OOJIbIN TaObUIaAbl. A3POANHAMHUKAHBIH KOJIJICHEH aFbIHBIMEH
JKOHE LMIMHIAPAIH ©3iHiH oci aifHaiackiHaa Oip Me3rinae aifHaIybl epeKile KbI3bIFYIIbUIBIK TYFbI3aabl. MiHCI3
CYHBIKTHIK aiiHayachlHaa OonFanaa aa, chepaiblk yiTapbl 0ap KbICKa LIIHHAPIEPiH OONIBIK aFbIHBIHBIH
AHAJIMTHKAIBIK ecenteyi Kypaenm. COHIObIKTaHAa LWIMHIP/IH Y3bIHABIFBIHBIH a3pOIMHAMHKA/(a aFybIH Carajibl
Oaranay YIUiH, afiHaIMalbl [MIMHIPIIH aya aFbIHBIHBIH OYpBIIIBI KapacThIpbULABL. Makaiana KeTepy Kymr
JKOHE OHBIH KOI((UIMEHTIH aHBIKTAy YIIH TOXIPHOENIK 3epTTeyiep HOTIDKeIepl KenTipiareH. ANHHaIMalbl
LATHHAPAIH a3pOJMHAMHKAIIBIK CHIIATTaMalapblHA aFblH OYPBIIIBIHBIH OCEp €TY HOTWKENepi KeNTipiireH.
Horimkenep aya aFbIHBIHBIH Oypoimst 30° kesinae keTepy Ky k03¢ HIEHTIHIH TOMEHSHTIHIH, COHBIKTAH a
aya arbmbl —30° < o <30 kesiHme afHANMANBI LMMHHAPTI JKETKOSFANTKBII SIEMEHTI THIMII jKYMbIC
JKACANTBIHBIH KOPCETTi. AJIBIHFAH TOKIPHOENIK HOTIIKEIEp JKEeJIKO3FAITKBIIIBIHBIH Teric OeTTi aiiHalIMalsl
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LWTHHAPT KaTaKIIamapslH jkacayaa KodmaHblTysl MyMKiH. Hormkecinge 0 °~90 © neiiinri apasikra ketepy
KYLUIHIH aya aFbIHBIHBIH OYPBIIIBIHAH ©3TrepreHi KOpCeTireH.

Kinm ce30ep: unnunap, Oypslil, KOTepy KL, aya aFbIHbI, KOTEpY KYIi K03 duUIMeHTi, aya aFblH OYpBIIIbL.

H.K. Tanamesa, A.H. [lrtocembaeBa, JI.JI. MuHbkOB

HUccaenoBanue BJIMSIHUS yriaa Cckoca BO3yUIHOI'0 IOTOKa
Ha aQ3POAUHAMUYECCKUE XaPAKTEPUCTUKHU BPallalOIIEerocsi {uJaIuH/Apa

[unuHapuYecKoe TeNo KIAaCCHUECKH SIBISETCS HEOThEMIIEMbIM 3JIEMEHTOM MPAKTHUECKH BCEX adPOTUAPOAU-
HAMHYECKHX aIlapaToB U TEIIIO0OOMEHHBIX YCTPOUCTB. OCOOBI HHTEPEC MPEICTABISIOT 0COOCHHOCTH a3pO0-
JIMHAMHKH TIPH MTOTIEPEYHOM OOTCKaHUH M OJTHOBPEMEHHOM BpAIlCHHU IIMJIMH/PA BOKPYT CBOCH OCcH. AHAIH-
THYECKHUIA pacyeT MpOoIOJIBHOTO 0O0TEKaHUsI KOPOTKUX MIIMHIPOB CO CHEPUUECKIMHU TOPIIAMH, JaXe MPH 00-
TEKaHUU HJI€ATBbHOI JXKUAKOCTBIO, cllokeH. [loaToMy A/l KauecTBEHHOM OIIEHKM JUIMHBI IMJIMHApPA Ha a’dpo-
JIIMHAMHKY €r0 OOTEKaHUs PacCMaTPUBACTCS OOTEKaHHE BPAIIAOIIErOCs MWIMHPA OT yIila CKOca BO3AYIIHO-
ro moroxka. B pabore mnpuBeNEeHBl pPe3yNbTaThbl 3KCICPUMEHTAIBHBIX HCCICJOBAHMK IO OMIPEICICHHIO
MOJbEMHOH cuibl U K03 dureHTa noabeMHoi cuibl. [IpuBeneHs! pe3yabTaThl BIUAHUS yrila CKOoca MOTOKa,
KOTOPBIH MEHSIICS OT 0° o 900, Ha a9pOJIUHAMHUYECKHE XapaKTEPUCTUKU BPAILAIOIINXCS UIMHAPOB. Pe3yin-
TaThl TI0KA3alH, YTO YMEHbLICHHE K03((GHIUCHTa MOJbEMHON CHJIBI HAOIOIAeTCs TIPH YIjIaXx CKoca MMOTOKa
CBBIIIIE 300, II03TOMY B IIpEAEIax yrioB cKoca -30°<a<30° snement BETPOABUTATEI B BUIC BPALIAOIETOCS
mwmHIpa padotaet 3G dekTHBHO. Pe3ynbTaThl SKCIIEPUMEHTAIBHBIX UCCIEIOBAHUA MOTYT OBITH MCIIOIB30-
BaHBI TIPU Pa3pabOTKe BETPOJBUTATEICH C JIOMACTSMH B BHJIC BPAINAIOIIUXCS IHJIHHAPOB C TIIAJKOH MOBEpX-
HOCTBIO.

Kniouesvie crnosa: WMAMHIApP, YroJl CKOCA, MOJbEMHAs CHJIA, BO3AYLIHBIA MOTOK, KOA()(HUIHEHT MOABEMHOM
CHJIBI, YTOJI CKOCa MOTOKA.

References

1 Issatayev, S.I., & Zhangunov, O. (1985). Vliianie otnositelnoi dliny korotkikh tsilindrov so sfericheskimi tortsami na
intensivnost teploobmena [Influence of the short cylinders' relative length with spherical ends on the intensity of heat transfer]. Tezisy
konf. molodykh uchenykh — theses of the young scientists’ conference. (pp. 221-222). Almaty [in Russian].

2 Akylbayev, Zh.S., Kussayinov, K., Sakipova, S.Ye., Nikitina, L.A., & Minkov, L.L. (2003). Issledovanie podieemnoi sily
vrashchaiushchehosia tsilindra pri poperechnom obtekanii turbulentnym potokom haza. Sovremennye dostizheniia fiziki i
fundamentalnoe fizicheskoe obrazovanie [Study of the lifting force of a rotating cylinder with a transverse flow around turbulent gas
stream. Modern achievements of physics and fundamental physical education]. Almaty: KazNU [in Russian].

3 Akhmadiyev, B.A., Turgunov, M.M., Dyussembayeva, A.N., & Tansykbayeva, N.K. (2013). Vliianie poristosti na
aerodinamicheskie kharakteristiki vrashchaiushchehosia tsilindra [Influence of porosity on aerodynamic characteristics of a rotating
cylinder]. Sovremennaia nauka: issledovaniia, idei, rezultaty, tekhnolohii — Modern science: research, ideas, results, technologies,
1(12), P. 420-425. Kiev [in Russian].

4 Yeronin, M.V., Kratirov, D.V., Molochnikov, V.M., Dunay, O.V. (2010). Vikhri Karmana pri turbulizatsii pohranichnoho
sloia na plokhoobtekaemom tele [Vortexes of Karman in the turbulence of the boundary layer on a poorly flowing body]. Trudy
Piatoi Rossiiskoi natsionalnoi konferentsii po teploobmenu — Proceedings of the Fifth Russian National Conference on Heat Trans-
fer, Vol. 1-8. Vol. 2, 118-122. Moscow: Izdatelski dom MEI [in Russian].

5 Molochnikov, V.M., Mikheev, N.I., Davletshin, I.A., Faschutdinov, R.E. (2007). Dinamika perenosa turbulentnykh pulsatsii
hidrodinamicheskikh i teplovykh parametrov v slede za poperechnym tsilindrom vblizi stenki [Dynamics of the turbulent pulsations'

transfer of hydrodynamic and thermal parameters in the wake of the transverse cylinder near the wall]. Izvesyia RAN Enerhetika —
Bulletin RAS Power energy, 6, 80-86 [in Russian].

6 Bychkov, N.M. (2005). Vetrodvihatel s effektom Mahnusa. 2. Kharakteristiki vrashchaiushchehosia tsilindra [Wind turbine
with Magnus effect. 2. Characteristics of the rotating cylinde]. Teplofizika i aeromekhanika — Thermophysics and Aeromechanics,
Vol. 12, 1, 59—175 [in Russian].

7 Tanasheva, N.K., Shrager, E.R., Sakipova, S.E., Dyusembaeva, A.N., Nurgalieva, Zh.G., & Karsybekov, R. (2017). Research
of aerodynamic characteristics of the wind generator on the basis of Magnus's effect. Bulletin of the Karaganda University. Physics
Series, 3(87), 60—64.

8 Sakipova, S.E., Tanasheva, N.K, Kivrin, V.I., Kussaiynova, A.K. (2016). Study of aerodynamic characteristics of the model

of a wind turbine with rotating cylinders. Eurasian Physical Technical Journal, Vol. 13, 2(26), 111-116. Karaganda. Retrieved from
http://phtj.ksu.kz/files_phtj/2017.01/16.pdf.

92 BecTHuk KaparaHguHckoro yHuBepcuTeTa



OU3UKAHDbI OKbITY SAICTEMECI
METOAUKA ®PU3UKU
METHODOLOGY OF PHYSICS

UDC 372.853

K.M. Shaimerdenova, A.S. Tussypbayeva

Ye.A. Buketov Karaganda State University, Kazakhstan
(E-mail: ardak.1888 04@mail.ru)

Using of workbook on the subject «Physics and astronomy»
in English at the secondary school

The article considers a multilingual education which is a new program of Kazakhstan’s education system.
This education program carries out not only the teaching of languages (Kazakh, Russian and English lan-
guages) but also the teaching of disciplines of natural sciences in the languages mentioned above. Base on the
example of physics the article presents some principles and approaches of teaching natural science disciplines
in English by using workbook of «Physics and astronomy». It helps to teacher to make a correct procedure of
a lesson and organize students’ activity for effective mastering both physics material and language skills. The
main didactic purpose of the workbook is to speed up process of mastering the teaching material, i.e. to bring
the educational process closer to the most effective characteristics. One of the main advantages of the work-
book is that it allows teacher to control flow and formation of students’ thinking activity. The workbook will
help to formulate necessary knowledge, skills and skills for students. Thanks to the workbook on the subject
«physics and astronomy», the lesson material is better understood, the lesson time is rationally used. The ef-
fectiveness of teaching Physics through a foreign language is opened by numerous advantages, such as for-
mation of intercultural knowledge and understanding; development of intercultural skills; introduction of a
broader cultural context; expansion of school and university profile; increase of general and specific language
competence; development of communication skills; preparation for future research and / or labour activity;
addition of individual learning strategies; increase of students’ motivation.

Keywords: workbook, physics and astronomy, tasks, multilingual education, school, science direction, lan-
guage skills.

President’s strategic initiative aims at the stable development of country and entering of Kazakhstan in-
to 30 the most developed countries of the world. Within the scope of Plan of nation President charged to car-
ry out some reforms in the sphere of education. The main task is compliance of scientific educational system
with requirement of time. According to Plan of nation «100 concrete steps on realization of 5 institutional
reforms» it will be planned to switch over step-by-step to English language teaching at Kazakhstan schools
and institutes of higher education [1]. The main aim is competitive recovery of the trained personnel, export
potential increase of the educational sector and participation of Kazakhstan people in the world association
and international processes. This innovation will improve quality of human capital on the basis of economic
cooperation and standards of development organization countries. It is accepted to introduce and realize
project of three languages at the secondary schools, Republic of Kazakhstan takes the first steps to
educational system by entering of English into teaching of natural sciences.

The major tasks for teacher are to ensure a sufficient learning by pupils, to develop their creative and cog-
nitive abilities, to provide connection of teaching with life, labour, moral and aesthetic education. Teacher uses
different teaching aids for successful solving of these problems. We decided to develop a teaching aid which
enables to solve a whole complex of pedagogical problems. This teaching aid is a printed workbook.

The modern specialist must find unusual decisions of practical tasks, acquire knowledge without
assistance, work with information and make interpersonal relations skillfully. In connection with these re-
quirements in the process of teaching:
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