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The study of the aerodynamic coefficients of rotating cylinders

In the course of the research, the theoretical knowledge on the aerodynamic characteristics of coiled cylinders
in rotary motion was reviewed and the cylinders in circular motion on the working part of the acrodynamic
pipe were studied. During the studying the dependence of the aerodynamic characteristics of rotating motion
cylinders on the distance change, several cases of rotation of the cylinders were considered. When the
direction of rotation of the cylinders changes, it is determined that frictional coefficient and the lifting force
coefficient are changed. At the same time, the distance at which the aerodynamic parameters will have the
highest value is determined. The rotation of rotating moving cylinders is determined by the aerodynamic
pumps of the cylinders in the horizontal direction of the airflow due to the air velocity, the number of
cylinders and the distance between the two cylinders. An increase in the velocity of the airflow is determined
by the reduction of the coefficient of the friction coefficient and the lifting force of the cylinders in rotary
motion; The aerodynamic characteristics of the coiled cylinders were first detected to increase the distance
between the cylinders and reach them at a later distance. The aerodynamic characteristics of the cylinders
with diameters 10 cm in diameter, that is the rotary motion, is determined by the maximum value with the
coefficient of lifting force and the frontal impedance coefficient. These results are useful for us in practice, as
these results can be used in smaller wind speed engines. In the local economy, the use of local wind power is
a convenient, affordable, and environmentally friendly, with a minimal wind speed engine focused on
reducing the deficit of electricity, which is one of the key issues in rural areas.
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Introduction

The main technical policy of the state for the further development of the energy sector is the launch of
alternative energy sources. Kazakhstan is one of the countries with the alternative energy sources, such as
water, wind, and solar energy. However, in addition to partial hydroenergy use, these alternative sources of
power are not activated in the country. One of the main reasons for this is the fact that the country has a large
concentration of energy resources.

Electricity can be divided into two: traditional and non-traditional. The most important source of
traditional energy is coal, natural gas, peat and uranium. At first, the energy they have is coming from, but it
is still an inexhaustible source of energy.

It's called irreversible because every year, only a small amount of solar energy becomes the energy of
irreparable sources, and how many millions of years it takes to make a small amount of coal, ore, gas and
uranium recovered. And non-traditional power sources include wind, water, solar energy, and so on. The use
of renewable energy sources in energy consumption does not affect the overall heat balance here and does
not lead to global warming. The energy coming from the ground and leaving the ground does not change.
We take energy from the use of the newest generation of wind energy within this unhealthy electricity
source. The first value of these sources of energy is that they do not harm nature. Renewable energy sources
regularly replenish their energy and reaches millions of years until the wind reaches them. This is their
second preferential.

The main importance of this research is to investigate the aerodynamic characteristics of the crank-
shafts’ cylinders on the increase of power generation capacities of low-speed air flow motors. The wind
speeds up to 4-5 m/s in Karaganda. So far, low wind speed engines were identified with two shaft and three
swing motors based on the Magnus effect. However, the electricity generated by them can not fully compen-
sate for losses [1-5]. Therefore, in order to reduce the flow of these motor drives, we need to consider the
mutually advantageous location of the blades, in particular the cylinders, which are their main mechanisms.
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Using our rotary motion cylinders, we set ourselves a goal to study how changes in their aerodynamic pa-
rameters affect the flow velocity, the number of cylinders, and the cylinder axes.

The main purpose of this research is to determine the effective location of the cylindrical blades, which
relates to the basic elements of the wind turbines based on the Magnus Effect at low wind velocity and their
dependence on other variables.

Methods of research

Research works at the aerodynamic pipeline are cheap and reliable. Therefore, the study of the
aerodynamic patterns of the thing in the cylindrical form was carried out on the simple T-I-M aerodynamic
pipe, located in the Aerodynamic measurement laboratory of the Department of Engineering Thermophysics
named after professor Zh.S. Akylbayev. The aerodynamic pipe which is tested is an aerodynamic pipe with
an open working zone in the closed circuit.

The coiled cylinders are located horizontally in the direction of air flow into the working part of the
aerodynamic tube. For the study of the aerodynamic characteristics, lengths 31 cm are taken from 10 cm in
diameter from two cylinders 3 and secured to bearing by means of the shaft 3. A roller bearing is fitted to the
rotary motion of the cylinder to prevent obstacle of friction force.

The cylinders are rotated by means of the electromotor 5. In order to increase the rotation of the
electromotor valve, it connects to the laboratory autotransformer with connecting wires. The rotary motion of
one cylinder is supplied to the second cylinder by the belt pulleys 2 and the belt. Image of this mechanism is
shown in Figure 1.

Figure 1. Figure of the workpiece video clip attached to the cylinders attached to the arrodynamic pipe

It is observed how the aerodynamic parameters of the cylinders change depending on the flow velocity,
the rotation number and the distance between the two cylinders when the cylinders in the rotating motion are
flowing horizontally. The results obtained from the experiments are as follows.

Results of research

Reduction of aerodynamic coefficients in speed of flowing air in a horizontal direction of cylinders with
rotary motion is revealed in experiment.

The dependence of the barrier coefficient from the velocity of the airflow, i.e. the Reynolds number, is
shown in Figure 2.
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Figure 2. A graph of the Reynolds number dependence of the frontal barrier coefficient of cylinders
with a diameter of 10 cm and 5 cm with a rotating moving distance when the engine is 120 V

As you can see from the dependence, the coefficient of frictional resistance decreases as the value of
Reynolds increases. If we recall the formula for the calculation of the coefficient of the angle barrier, then we
see that the angle barrier is inversely proportional to the square of the velocity. In the equation, along with
the velocity, the force of the angle barrier directly proportional to the coefficient varies. But its change is less
than the square of speed. Therefore, the angular barrier coefficient decreases when the velocity of air flow
increases.

Figure 3 illustrates the dependence of the lifting force coefficient of the cylinders with a diameter of
10 cm in distance of 5 cm in the constant rotation of the cylinder.
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Figure 3. Dependence of lifting force on the Reynold number

As shown by the dependence on Figure 3, the lifting force of the double cylinders in rotating motion
decreases as the number of Rheinolds increases. Because the lifting force is inversely proportional to the
quadratic air velocity corresponds to the equation, and the Reynolds ratio is directly proportional to the
velocity of the airflow, the lifting factor is proportional to the value of the Reynolds. Therefore, when the
speed of the air flowing in the rotating motion of the cylinders in the orbital direction increases, the lifting
force coefficient decreases.

The dependence of the friction coefficient of the rotating motion cylinders on the number of rotation of
the cylinders is shown in Figure 4.
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Figure 4. The dependence of the obstacle impedance on the number of rotations

As shown by the dependence, the angular barrier coefficient of rotating-acting cylinders with 10 cm in
diameters 5 cm in distance horizontally oriented to the air flow varies directly proportionally to the number
of rotation of the cylinders, i.e. the angle barrier coefficient increases as the number of rotations increases.
The reason can be explained this way from a scientific point of view. At the back of the cylinders, the vortex
area emerges when the air flows into the cylinder. Under the influence of these vortices, the pressure behind
the cylinder decreases, the air rarely. When the rotating motion of the cylinder moves, the associated flow on
the surface of the cylinder obstructs the movement of the incoming particles and starts to move them to the
front surface of the cylinder. The air flows to the front of the cylinder under the influence of the direct flow.
The energy of sealed air particles is greater than the energy of the absorbed air. As the number of cylinders
revolves increasing, the compression of air particles on the front surface increases to a certain extent. This
leads to the increased resistance of the cylinders. Therefore, when the number of rotation of the cylinders
increases, the correlation coefficient also increases.

The following Figure 5 depicts the dependence of the cylinder rotation factor on the lifting force
coefficient of rotating moving cylinders with a distence of 5 cm and a diameter of 10 cm, horizontally
positioned to the direction of the air flow of 7 m/s.
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Figure 5. Graphs of dependence of the lifting force coefficient of cylinders with 10 cm
in diameter of 10 cm with diameter of 5 cm with a velocity of 7 m/s
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As you can see from Figure 5, the lifting force of the cylinders in rotary motion is decreasing with the
increase in the number of cylinders. The reason for this is scientifically explained as follows. When the flow
of rotating moving things flows horizontally, the magnesium effect is applied vertically to the cylinders, i.e.
the reduced pressure zone is formed at the opposite direction to the air flow from the adjacent stream of the
rotating cylinder on the surface of the rotating cylinder, and the associated flow to the upstream where there
is an overpressure zone.

As a result, the cylinders move to the lower zone under the influence of forces in the high pressure
zone. As the turnover increases, the force that affects the cylinders decreases in the reduced pressure zone
and increases in the high pressure zone. Accordingly, the lifting force of the cylinders in the rotating motion
increases. That is why the lifting force factor increases when the number of rotating cylinders increases.

Conclusion

The values obtained from the experiments can make a great contribution to increasing the power of the
electric motors produced at low wind speeds. The results from the study of changes in the aerodynamic
characteristics of the cylinders, especially between the cylinders that are blended, allow us to determine the
effective location of the rotary cylinders, which are the main elements of the motor. The effective range of
the spindle blades, that is, the cylinders, produces and consumes more electricity than the wind energy uses
less energy. And with low cost and more energy-efficient engines, it is a good solution to reduce energy
deficit in rural areas, far from central power plants.

This work was supported by project AP05131520.
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AHHAJIMAJIbI KO3FAJBICTAarbl HMJIHHAPJICPAIH a3POAMHAMHUKAJBIK
K03 (pPpUIHMEHTTEePiH 3epTTEy

Maxkanazna opeiHiay 6apbICHIHIA aifHAIMAIIBI KO3FaJIbICTaFbl KOCAKTaFaH IIMINHPIEPIH adpOoIHAMUKAIIBIK
CHIaTTaMalapbl Typajbl TEOpHUsIapFa LIOJY JKacalblll, alblHFAH TEOPHSUIBIK OlmiMzepre cyiieHe OTBIpHIN,
A3POJMHAMUKAJIBIK KYOBIPABIH >KYMBICTHIK OeJIirinae aifHaIManbl KO3FajbICTaFbl KOCAKTaJIFaH IMJIMHIPIED
3epTTeni. AHHaIMaIIbl KO3FaIbICTaFbl KOCAKTAIFAH LIMIMHAPIICPIIH a9pOANHAMUKAIIBIK CHIIATTaMaIapbIHBIH
apaKalbIKTHIKTBIH ©3repiCIHeH TOYCIIUIrIH 3epTTereHie UWMIMHAPIEPAiH aifHany OarbITTapbIHbIH OipHelre
JKaFalbl KapacTeIpbUIAsl. LmmnHapiepaiy alfHamy GarbIThl ©3repreHe ONapAblH MaHAAMIBIK Kelepri MeH
KOTepy KyIIi KOI(OUIMEHTTEPiHIH ©3repeTiHiri aHblKTamabl. COHBIMEH Karap a’poAWHAMHKAIBIK
rapaMeTpiep €H YJIKeH MoHre ue OOoNaThIH apaKaIUBIKTBIK Oenrimi Oosmbl. AWHaIManbl KO3FalIaThIH
KOCaKTaJFaH IWIMHIApPJIEpAl aya aFrblHBl  KeJIAEHEeH OarblTTa akKaH Ke3Jleri IWIMHIAPIEPIiH
a3pOJMHAMUKAJIBIK CHUIIATTAMAalapbIHbIH aya KbLIAAMIbIFbIHA, LWIMHIPJICPIIH aifHally CaHbIHA JKOHE €Ki
LWINHAP/IH apachIHAAFbl KAIIBIKTBIKKA OalJIaHBICTBI ©3repici aHBIKTANIbl. Aya aFbIHBIH JKbUIIAMJIBIFbI
apTKaHaa aifHaJIMalbl KO3FAJIbICTarbl KOCAKTAIFaH LMIMHIPJIEPAIH MaHAAMIbIK Kelepri MeH KeTepy Kylui
K02(hGUIHEHTEPIHIH  a3asThIHABIFBl  aHBIKTANAbl. KocakTanfaH LUIMHAPIACPAIH  adpOAMHAMHKAJIBIK
CHUIIaTTaMallapbIHbIH, AIABIMCH, HMIMHAPICPAIH apaKallbIKTBIFEl Oenriai Oip MoHTe JKeTKeHTe JIeHiH eci,
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OJaH KeiliHIi apakalubIKTHIKTapJa KaWTagaH KEeMUTIHAIrT aHBIKTaIIbl. AWHaIMallbl KO3FAIIBIC )KAaCAaWTBIH,
nuametpiepi 10 cM KocakTalFaH IMIMHAPIEPIIH a’pOIUHAMHKAIBIK CHUIIaTTaMallapbl, SIFHH KOTepy Kyl
KOHE MaHAAMIBIK Kenepri koadGHUIMeHTTepl eH YIKeH MOH KaObUIIAWThIH apaKallbIKThIK aHBIKTAJIBL. by
HOTIDKeNep Toxipubene KoimaHyra Haijaisl OOJbBIN caHaiaibl, ce6ebi oiapisl a3 skell JKbUINAMIIBIFBIHAA
JKYMBIC ICTEHTIH KEJIKO3FaITKBIIITAPbIH/A KONAaHyFa 001a1bl. AJl a3 XKeJ JKbUIIAM/IBIFbIH/A )KYMBIC iCTEHTIH
JKETKO3FANITKBIIIBIH ayBUIABIK JKepJIepAeri HISMIIMEreH Herisri Mocesenepiid Oipi Ooibinm ecenteneTin
9NICKTP DSHEPTUSHBIH TaNIUbUIBIH a3aiiTy OGarbIThIHAA JKEPriTiKTI IIAPYaIUbUIBIKTA KOJJIaHY BIHFAHIIbI,
COHBIMEH KaTap 3KOJIOTHUSIIBIK SKaFbIHAH THIMI1 OOJIBIT TaObLIaIbI.

Kinm  ce30ep: aiiHaiimManbl umiuHApiep, MarHyc THIMALNC, KeTepy Kyl JKOHE MaHIaHIIbIK
k03¢ duireHTTepi, PeliHonbac caHsl.
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HccaenoBanue AAPOANHAMHNIECCKHUX KOE)(I)(l)I/IIIl/IeHTOB Bpamarnmuxcs MUWJINHAPOB

ITpoBenen 0030p TEOPETHUECKUX 3HAHUI 00 a3POJMHAMUUYECKUX XapAKTEPHCTHKAX CHMPATbHBIX LIHIMHAPOB
TP BPAIATEIbHOM JBMXKEHHU U W3y4eHBI IIUIMHIPHI IPU KPYTOBOM JIBIKEHHM Ha pabouel yacT a’spoju-
HaMH4yecKkoi TpyObl. B Xoze mccienoBaHus pacCMOTPEHBI 3aBUCUMOCTH a3pOJIHHAMUYECKHX XapaKTEPUCTUK
IUIMHIPOB BPAIATENbHOTO JBIKEHHS OT U3MEHEHHs paccTosHMs. [Ipu M3MeHEeHUN HalpaBIeHHs BPaAILCHUS
IIIMHAPOB OIIPEAENsIeTCs] H3MEeHEeHNe K03((UIUEHTOB TPEHUS U TObeMHON crutbl. OmnpeeneHsl paccTos-
HUSI, HA KOTOPBIX adpOJUMHAMUYECKHE ITapaMeTphl MMEI0T HanOoibllee 3HadeHHe. Bpamenne aBHKymmxcs
LWIXHIPOB OIpEAEIAETCS a’pOJUHAMUYECKUMHU HACOCAMU LMIMHAPOB B TOPU3OHTAIBHOM HAlpaBICHUU
BO3/yIIHOTO IIOTOKA 3a CYET CKOPOCTU BO3JyXa, KOJIMYECTBA LIMIMHAPOB U PACCTOSHUSA MEKAY ABYyMs LU-
JIUHJApaMH. YBEINUCHHE CKOPOCTH BO3JYIIHOTO ITOTOKA ONPENENIeTCs YMEHBIICHHEM Kod(QQHIeHTa Tpe-
HHS Y MOJBEMHON CHJIBI LMJIMHAPOB MPHU BpAIaTEIbHOM IBHKEHHHU; a3POJNHAMUYECKHE XapaKTEPUCTUKH
CMUPANIBHBIX HUIMHAPOB OBUIH BIIEpBBIE OOHAPYMKEHBI JUIS YBEIMUYEHHS PACCTOSHUS MEXKAY LUIMHAPAMU H
JOCTIDKEHUS] UX Ha Oojiee MO3[HEM PacCTOSHUHU. A3pOJMHAMUYECKUE XapaKTEPUCTUKH IMIMHIPOB AUAMET-
pom 10 cM, T.e. BpallaTeNbHOE ABMKEHHE, ONPEIEIAIOTCS MAaKCUMAIbHBIMU 3HAYCHUAMH KO3 (UINECHTOB
TIOJJEEMHOH CHJIBI M JIOOOBOTO CONPOTHBIEHHS. JTH PEe3yJIbTAaTHI OJIE3HbI HA NIPAKTHKE, TaK KaK OHU MOTYT
OBITH MCIIOJTB30BAHBI IS pa3pabOTKH ABUraTeliel, paboTalomMX IPH MEHbIIeH CKOpoCTH BeTpa. B MecTHOIT
SKOHOMHKE HCIIOJIb30BaHUE BETPOIHEPIETHKU SIBISCTCS yHOOHBIM, JOCTYIMHBIM M SKOJOTHYECKH UHCTHIM
C1Ioco0OM IOJTydeHUs SHEPTUH. [IBUTraTenb OPHEHTHPOBAH Ha CHIKEHHE Je(hUINTA dIIEKTPOIHEPTHH, UTO SB-
JsIeTCS OJHUM U3 aKTyaJdbHBIX BOIPOCOB B CEIbCKON MECTHOCTH.

Knioueswie cnosa: Bpamiatomuecs: TUIHHAPLL, 3 dext Marnyca, ko3pduireHTs 1000BOr0 CONPOTHBICHUS U
MOJABEMHOM CHJIBL, YHuCIIO PeliHombca.
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