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Experimental study of aerodynamic coefficients of a combined blade

Magnus wind turbines have a number of advantages in the form of electricity generation at low wind values,
ranging from 3-4 m/s. However, at high speeds around the existing blades of wind turbines, there is a phe-
nomenon of separation of vortices, which entails the destruction of the structure, as well as an increase in
drag. Based on this, an urgent issue is the regulation of the flow around cylindrical bodies, along with a de-
crease in drag force. The novelty of the work is the elimination of vortices, as well as their control, by adding
a fixed blade to the cylinder. Authors of the article for this purpose created a mock-up of the cylinder blade
with a fixed blade. A number of experimental studies were carried out to determine the aerodynamic forces
and coefficients depending on the angle of inclination with respect to the incoming flow at U =5 m/s. It was
found that at an angle of inclination of 0° and 180°, the combined blade has a maximum lifting force of 2.7 N
and 2.75 N, respectively. It is determined that at these angles, the drag force is the lowest and is 1.26 N and
1.08 N.
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Introduction

It is well known that the tasks of studying transversely streamlined cylindrical bodies are relevant for
wide industries ranging from thermal power engineering and aerodynamics to cosmonautics. However,
despite all the simplicity of geometric visualization, the flow around a round rotating cylinder is complex,
and largely depends on the flow mode.

The classical aerodynamic problem of the flow around the cylinder modules is the object of the study of
aerohydrogas dynamics. Of these, the study of the flow around a rotating vertical cylinder is of great interest.

Many scientists and researchers in the field of aerodynamics have devoted their work to studying the
flow pattern around the cylinderat high Reynolds numbers [3-5].

In the study [6], the authors experimentally and numerically investigated the flow characteristics around
a rotating circular cylinder, the diameter of which is 20 mm. Parameters such as the time-averaged velocity,
turbulence intensity, drag coefficient and flow structure at the Reynolds number 5900<Re<11800 and the
rotation coefficient 0<0<0.525 were investigated. Using the SST turbulence model, a numerical simulation
of the flow was carried out. The authors found that due to the rotational movement of the cylinder, a change
in profiles is observed the average and fluctuation velocities, and the area of velocity reduction has become
smaller due to arise in the Reynolds number. It is established that symmetry of the flow breaking is observed
with an increase in the rotation coefficient.

The authors of the work [7] investigated the problem of the flow around a round cylinder, with a
constant angular velocity, fixed in a homogeneous flow. An interesting result is that, as the rotation speed
increases, the vortex loss is suppressed. It is also determined that rotation weakens the secondary instability
and rises the critical Reynolds number for the occurrence of this instability.

At high Reynolds numbers starting from 5 10*, with the transverse flow around the cylinders with an
increase in the flow velocity, the separation of vortices is observed, and the formation of a trace behind the
cylinder, the so-called Pocket track. Mechanical vibrations caused by the disruption of vortices can lead to
vibration, acoustic noise and, if the frequency of the separation of vortices coincides with the natural
frequency of the structure, to its destruction.

Based on this, the task of regulating the flow of cylindrical bodies, along with reducing the drag force,
is relevant.
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The purpose of this work is experimental study of aerodynamic coefficients of a combined blade in the
form of a cylinder and a fixed plate, depending on the angle of inclination relative to the incoming flow.

Research objectives:

— creation of a laboratory layout of a combined blade;

— study of the influence of the angle of inclination on the values of aerodynamic forces;

— investigation of the influence of the angle of inclination on the values of the aerodynamic coefficients
of lift and drag force.

The use of the plate as a means of preventing the formation and separation of the boundary layer behind
the rotating cylinder is a novelty of the work. The studied object of research is a combined blade that can be
used as the power element of Magnus wind turbines, with a vertical axis of rotation.

Experimental methodology

The authors of the work created a combined blade in the form of a cylinder with a fixed blade with a
vertical axis of rotation to solve the problem of separation of the boundary layer as well as its prevention.

Aerodynamic experiments were completed in the laboratory “Aerodynamic Measurements” at the sci-
entific center “Alternative Energy” at the E.A. Buketov Karaganda University. The object under study is in-
stalled in the working area of the T-1-M wind tunnel (Fig. 1).
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Figure 1. Experimental layout of a cylinder with a fixed blade

As can be seen from Figure 1, the experimental layout consists of a cylinder and a fixed blade attached
to disc-shaped bases on both sides, fixed between them. To start the cylinders in rotational motion, an
electric drive is used, fixed on the upper part of the base.

The geometric dimensions of the sample are given in Table below.

Table
Parameters Values
Cylinder diameter 4cm
Cylinder length 9cm
Width of the fixed blade 3cm
Fixed blade length 10.5cm

Figure 2 shows the layout of the fixed blade relative to the flow.

a=0° a=45° a=90°

Figure 2. Location of the stationary blade of the rotating cylinder
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Results and Discussion

When the flow velocity changes from 3 to 15 m/s, the angle of inclination of the fixed blade on the aer-
odynamic forces of the entire blade layout is studied.

In the course of experimental studies, graphs of the dependence of aerodynamic forces and their coeffi-
cients depending on the angle were obtained (Fig. 3-6).

Figure 3 below shows the results of measurements of the drag force depending on the angle of inclina-
tion at a wind speed of 5 m/s.
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Figure 3. The results of measurements of the drag force from the angle of inclination at a flow rate of 5 m/s

As can be seen from the graph, the minimum value of the drag force of 1.25 N is observed at an angle
of 0 degrees, after which, with an increase in the angle of inclination to 90 degrees, the force value increases
to 2.5 N, which is the maximum value of the drag force.

As can be seen from the graph, the minimum value of the drag force of 1.25 N is observed at an angle
of 0 degrees, after which, with an increase in the angle of inclination to 90 degrees, the force value increases
to 2.5 N, which is the maximum value of the drag force. The reason for this is an increase in the mid-section
of the entire blade in relation to the flow, which subsequently slows down the flow by forming pressure on
the front part. In the future, with an increase in the angle to 180 degrees, there is a monotonous decrease in
the value of the drag force to a minimum of 1.1 N. The explanation for this is the favorable flow around the
blade without obstacles.

Figure 4 below shows the results of measurements of the lifting force values depending on the pitch of
the fixed blade at a speed of 5 m/s.
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Figure 4. The results of lifting force measurements depending on the angle of inclination at a flow rate of 5 m/s
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As can be seen from Figure 4, the value of the maximum lifting force of 2.7 N is observed at a speed of
0 degrees, after which it decreases linearly with an increase in the angle of inclination to 90 degrees.

According to the Kutta-Joukowski theorem [8] (the lifting force theorem of a body), where the lifting
force is equal to the product of the density and velocity of the liquid, the circulation of the flow velocity and
the length of the blade, which occurs at right angles against the direction of circulation, i.e. with non-
symmetrical flow with an increase in the mid-section of the combined blade relative to the flow, there will be
an increase in lifting force with an increase in the angle of attack to a critical value (90°). As can be seen
from graphs 4 and 5, after 90° there is a sharp decrease in lifting force, due to the occurrence of flow
disruption with an increase in the force of frontal resistance.

The calculated aerodynamic coefficients depending on the angle of inclination at different flow rates are
shown in Figures 5 and 6. The aerodynamic coefficients are calculated using the formulas in the work [9].

0 45 90 135 180
—— U=>m's 8 U=%m's = U=13m's
Figure 5. Change in the drag coefficient a depending on the angle of inclination at different flow rates

From Figure 5, it is established that with an increase in the angle of inclination to 90 degrees, there is an
increase in the drag coefficient to 1.2 at 13 m/s, subsequently, with an increase in the angle to 180, there is a
decrease in the coefficient value of 0.5.

0 45 90 135 180
—+— U=Sm's -8—-U=-9m's ——TU=13m's
Figure 6. Change in the lift coefficient a depending on the angle of inclination at different flow rates

From Figure 6, it is determined with an increase in the angle of inclination from 0 to 90 degrees, there is
a decrease in the coefficient of lift from 1.3 to 0.75 at 13 m/s, subsequently, with an increase in the angle
from 90 to 180, there is an increase in the coefficient value to 1.32. The nature of the changes in the depend-
ency lines presented in Graphs 5 and 6 do not contradict the previous experimental [10] and numerical [11]
results.
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Conclusions

In the course of conducting experimental studies, the authors of the work obtained the following results:

— A model of a combined blade with a diameter of 4 cm and a length of 9 cm of the cylinder, and a
fixed blade with a length of 10.5 cm and a width of 3 cm has been developed and created,;

— The graph of the dependence of the drag force on the angle of inclination of the fixed blade to the
flow is obtained, during which the maximum drag is 2.5 N at an angle of 90 °;

— From the lifting force measurement results, it is determined that the maximum values of 2.7 N and
2.75 N are obtained at tilt angles of 0 ° and 180 °;

— From the calculated results of drag force values, it is determined that at an angle of 90 ° and U =
13 m/s, the maximum value is 1.2;

— It was determined that the maximum values of the lift coefficients 1.32 and 1.3 were obtained at an
angle of 90 ° and U = 13 m/s;

—The drop in the value of the lifting force after increasing the angle of attack from 90 to 180 is a
consequence of the occurrence of the physical phenomenon of disruption of vortices, which is also the reason
for the increase in the drag force;

— It is determined that the angles of inclination of 0 © and 180 ° are favorable angles for the location of a
fixed blade, followed by obtaining maximum lift and minimum drag force.

The experimental results obtained by the authors will be useful in developing a layout of a wind turbine
with a vertical axis of rotation containing combined blades.
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H.K. Tanamesa, A.P. baxteioexosa, H.H. lllyrombacga,
A.H. TrocembaeBa, M.A. bypkos, C.A. HypkeHnos

K¥paMaﬂ1>1 KaJJlaKITaHbIH A3POAUHAMUKAJBIK CUIIaTTaAMaJIapbIH 3€PTTECY

Marnyc 3¢dekriciHe Heri3fenreH el JHEepPreTHUKAIbIK KOHIBIPFBICHI 3-4 M/c—TaH OacTamaThlH IKel
JKBUIJAMIBIFBIHBIH TOMEH MOHAEPIHIE AJIEKTP SHEPTUACHIH OHIIPY TYpiHIAEe OipKaTap apTHIKUIBUIBIKTapFa ue
JKOHE JKeJNIiH OaFbITBIH a3 Tajam eTedi. AJaiiia, JKel SHEepPreTHKAJbIK KOHIBIPFBUIAPBIHAA, SFHU
LWINHAPIEPAIH KOJJAHBICTAaFbl KaJaKTapbIHBIH aiHaNachlHIa YJIKEH >KbULIAMABIKTA KYHBIHIIBUIAPIBIH
y3uTyiHeH Kypaeri (GU3HuKaIbIK KyObUTbIC aiaa 0omasl, OyJ1 KOHIBIPFBRIHEIH KYPBUIBIMBIH Oy3yFa, COHIai-aK
MaHJAWIIBIK KeIepri KYIIiHIH )KOFapbhUIayblHA 9KEJe/l, OChUTaiIa KOHIBIPFBIHBIH THIMIUTITIH TOMEHICTE/II.
Aya arbIHBIHBIH KeJieHeH OaFbIThIHA Kapail araThlH IUIMHApPICp aifHanIMalbl KO3FalbICKa KeNTipinreHnue
MTHHIPIEPIiH OeTiHAe Liecnerni aFbiH maina 6onaasl. OckliaH MIJTHHAPIIK JCHEICP/iH aifHaTybIH PETTeyY,
COHBIMEH KaTap MaHIaWIbIK Keepri KYIIiHiH TOMEH/IeYi )KoHe KoTepy KYLIiHiH )KoFapbuiaysl (Marsayc Kynri)
©3eKTI Mocesne Oonbin caHanmagsl. JKYMBICTBIH FHUIBIMH-3€PTTEY >KaHAJBIFbl — IIIMHAPre OEKIiTiIreH
KaJIaKIIaHbl KOCY apKbUIbI KYHBIH/BLIAP/ABI KO0, COHBIMEH KaTap onapzsl 6ackapy. Ockl MakcaTTa )KyMbIC
aBTOpNapsl KO3FAJIMAMTHIH KajlaKmachkl Oap LWIMHAP TYpiHAEri Kajlak yaricin skacagel. T-1-M
A3POIMHAMUKAIIBIK KYOBIPBIH KOJIJaHa OTHIphI, U=5 M/c-Ta KeTepily aFbIHBIHA KAaTBICTHI KeJIOey OyphIlIKa
TOyeni a’poAMHAMHKANIBIK KYIITep MeH KOd(GQHIMEHTTepli aHbIKTay YINiH OipKaTtap SKCIICPUMEHTTIK
3epTreyiep kyprizinmi. 0° xone 180° kenbey OYphINIBIHAA KYpaMallbl KaIaKIIaHBIH (OCKITIIMCH KaJlaKIIachl
Oap mwmmHAp) colikecinme 2,7 H sxome 2,75 H makcumanmgsl ketepy Kymr Gap eKkeHi aHBIKTauabl. By
OypelmTapaa Kkeaepri Kymri e a3 xone 1,26 H men 1,08 H KypalTbIHBI aifKbIHAATIBL.

Kinm ce30ep: ®en SHepreTHKalblK KOHABIPFBI, Marnyc, Kypamaiabl Kajlakiia, [HJIHHAP, KOTepy Ky,
MaHJAWIIBIK KeIepri KYIIIi, aFbIH XBUIIAMIBIFbL, K6J0ey OyphILIbI.

H.K. Tanamesa, A.P. baxteiOexoBa, H.H. [llyromobaesa,
A.H. TrocembaeBa, M. A. bypkos, C.A. Hypkenos

I/ICCJIElIOBaHI/IH AAPOANHAMHUICCKHUX XAPAKTCPUCTHUK KOMﬁl/IHHpOBaHHOﬁ JJOIMacTu

Berposneprerudeckne ycTaHOBKH Ha OoCHOBE d(dekta Marmyca 00IamgaoT HETbIM PsIOM IPEHMYINECTB B
BHUJIC BBIPAOOTKH 3JIEKTPOIHEPTUH MPH HU3KHX 3HAYCHHSAX BETpax, HauuHas oT 3—4 M/c, u MeHee TpeboBa-
TENBHBI K HAIPaBIeHUIO BeTpa. OMHAKO MpH OONBMINX CKOPOCTSAX BOKPYT CYHIECTBYIONIHUX JIOTIACTEH BETPO-
SHEPreTHYECKUX yYCTAHOBOK-IIMIMHIPOB BO3HHUKAET CIOKHOE (PH3NIECKOE SBICHHE — OTPBIB BUXPEH, KOTO-
poe BiedeT co0OI0 pa3pylIeHne KOHCTPYKIMH CaMOil YCTaHOBKH, a TaKXKe POCT JIOOOBOTO COIPOTHBIICHHS,
CHIKasi TeM caMbIM 3((GEKTUBHOCTD PabOTHl yCTaHOBKH. VIcX0/s M3 3TOr0, akTyalbHBIM BOIPOCOM SIBIISIETCS
perynupoBaHne 0O0TeKaHHs HWIMHIPUYECKUX Tell, Hapsay ¢ YMEHbIIEHHEM CHIIBI IOOOBOTO CONPOTHUBIICHUS
U yBEJIMYEHHEM NOABEMHOH cuibl (cribl Marnyca). HoBusHOM paOoThl sIBISIETCS yCTpaHEHHE BHXpeH, a
Taroke YIpaBIeHHE UMH ITyTeM J00aBICHUS] HEMOABIDKHOI JIONACTH K MMIMHAPY. ABTOPHI pabOTHI AT 3TOI
e CO3aTH MaKeT JIOTIACTH B BHAE IMIMH/PA C HETMOABIDKHON JT0MacThio. [IpoBenn psj SKCepuMeHTalb-
HBIX HCCIIE[0BAaHHI MO OINPEASNICHUIO adPOJHMHAMUYECKHX CHII M KO(Q(UIMEHTOB B 3aBUCUMOCTH OT yTia
HaKJIOHA [0 OTHOUIEHHIO K HaberaromeMy oToky pu U = 5 m/c, HCTIONB3ysl a3pOAHHAMAYECKYIO TpyOy T—
1-M. YcTaHoBneHo, uto mpu yriax HakioHa 0 u 180° koMOMHHpOBaHHAS JIONACTh (IIMJIMHAP C HETOABUKHOM
JIOTIACThIO) 00J1aIaeT MaKCHUMAaJIbHBIM 3HA4€HHEM MOAbeMHOW cuibl 2,7 u 2,75 H COOTBETCTBEHHO.
OmnpezeneHo, 4TO MPU JaHHBIX yrilax CHja JIOOOBOTO CONPOTHBICHHS caMas MUHHMAaJbHas M COCTaBISIET
1,26 u 1,08 H.

Knoueswvie cnosa: BETPOIHEPreTUICCKass yCTaHOBKaA, MarHyc, KOM6I/IHI/Ip0BaHHa${ JIOTIaCTh, HUJIUHAP, MTOAb-
CMHas Cuja, Cujia 11000BOTO COIIPOTUBJICHUA, CKOPOCTH IIOTOKA, YI'OJI HAKJIOHA.
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