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Influence of a rough surface on the aerodynamic
characteristics of a rotating cylinder

The article considers the influence of the relative roughness of a cylindrical blade on aerodynamic
characteristics. It is known that the operation basis of blades under consideration is the Magnus effect, which
is characterized by appearance of a lifting force (Magnus force), when the cylinders rotate in a transverse
flow. This force is used to rotate the wind wheel, similar to lifting force, but can have a much larger value
when selecting optimal conditions, both geometric and aerodynamic. The authors conducted a comparative
analysis of cylinder layout with a relative roughness (0.005 + 0.02). Experimental studies of aerodynamics
process of rotating cylinders were carried out in the aerodynamic laboratory using the T-1-M wind tunnel at
an air flow value of 5 to 15 m/s. Graphs of dependences of rotating cylinder's lifting force and drag force on
the changing air flow velocity and on relative roughness, k/d, are obtained. For further study experimental
cylinder layout’s aerodynamic parameters, the most optimal is the variant with a relative roughness value of
0.02, which had high indicators, was selected. In the course of experimental studies, graphs of the dependence
of the values of lift and drag force on the angles of attack of a single rotating cylinder with a rough surface on
the speed and angle of attack of the wind flow (0°, 30° and 60°) were obtained. It is established that the
effective angle of attack is 0°, at which aerodynamic characteristics’s maximum values were obtained.

Keywords: cylinder, aerodynamics, Magnus effect, wind tunnel, relative roughness, angle of attack, lifting
force, drag force, air flow.

Introduction

The cylindrical body is classically an integral element of almost all acrohydrodynamic apparatuses and
heat exchange devices. In the process of developing a multi-blade wind turbine with power elements in the
form of rotating cylinders of variable cross-section at the initial stage, it was necessary to study the aerody-
namics of cylinders of constant cross-section [1-3]. In particular, the aerodynamic phenomena and processes
that are of interest arise when the cylinder flows transversely and the cylinder rotates simultaneously around
its axis [4-9].

The Magnus effect, which was first described in 1853 by the German physicist Heinrich Magnus [10-13],
occurs when the air flows around the rotating cylinders. The aerodynamics of a cylindrical blade operating
on the basis of the Magnus effect was studied. The influence of the cylindrical blade shape on the Magnus
force value is estimated using particle image velocimetry [8].

The two-dimensional transverse flow of a rarefied gas flow around a rotating circular cylinder was stud-
ied by means of calculations using the test particle method. A distinctive feature of the work is the identifica-
tion of mechanisms for changing the sign in the values of the lifting force. The influence of the angular ve-
locity of rotation on the pressure distribution in the cylinder is considered [9].

According to the results of another work, the main parameters of the rotating cylinders influencing the
efficiency of the propeller are its speed of rotation and elongation, while at low settings it is the relative
speed of rotation of the cylinder, such parameters are the Reynolds number, relative roughness of the cylin-
der surface and the degree of turbulence [10].

Comparative studies on the torque generated by improving the surface roughness of wind turbine blades
based on the Magnus effect were conducted [14, 15]. The results showed that the torque coefficient generated
by the sandpaper is 0.079-0.016, which is almost five times the value of the torque coefficient of a cylinder
with a smooth surface. An additional advantage is that the roughness of the ground surface significantly in-
creases the performance of the wind turbine up to four times based on the torque, compared to smooth surfaces.
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These important data indicate that when using a rough surface, it is possible to optimize the aerodynam-
ic parameters of the cylinders as much as possible.

The purpose of this work is to analyze the dependence of the aerodynamic parameters of a cylinder with
a rough surface, as well as to determine the optimal value of the angle of attack of the air flow.

Experimental part

The study of the aerodynamic characteristics of the cylinder was carried out on a laboratory stand,
which allows to measure the lift and drag force at different values of the cylinder rotation speed [13, 16].

Special nets and devices installed in the channels of the wind tunnel made it possible to ensure a suffi-
ciently uniform air flow in the working part over the entire cross-section. The flow rate varies in the range
(5+15) m/s.

Figure 1 (a, b) shows a sample of a cylinder with a rough surface, as well as a diagram of an experi-
mental setup for studying the aerodynamics of a rotating cylinder in a flow. To conduct experimental studies
on the aerodynamics of a rotating cylinder when flowing around the air flow, a model with a rough surface
was made. The ram air velocity was measured with a Skywatch Atmos cup anemometer. The drag force and
the lift force of the cylinder were measured using an aerodynamic balance. The angle of attack of the
cylindrical blades was measured by comparison with rigid control (reference) instruments.
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b) Scheme

1 - the study cylinder; 2 - the mounting frame layout with aerodynamics and weights;
3 - the scales that measure the force of drag; 4, 5 - the scales measuring the lift force; 6 - the rack mounting
of cylinders; 7 - the motor for rotation of the cylinder; 8, 9 - the confuser and diffuser wind tunnel

Figure 1. Working part of the T-1-M wind tunnel

The diameter of the cylinder layout is 0.15 m, the length is 0.3 m. The manufactured cylinder with a
rough surface is driven by a belt drive powered by an autotransformer of a variable-speed electric motor. The
cylinder is easy to start, friction is reduced as much as possible due to special lubrication and a high degree
of grinding of the axis of rotation and the inner surface of the cylinder.
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The geometric scheme and size of the sample of the cylinder under study with spherical ends is shown
in Figure 2.
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1 — left hemisphere, 2 — right hemisphere, L = 300 mm, D = 150 mm
Figure 2. Geometric diagram of the sample, a rotating cylinder with spherical ends

The value of the relative roughness of the cylinder layout varies from 0.005 to 0.02.
The formula for determining the relative roughness:

- k
k=—,
d
where k is the average height of the protrusions of the roughness of the cylinder surface, microns; d is the
diameter of the cylinder, m. The roughness distribution over the cylinder surface is uniform. The surface

grain density of the rough medium is 100—120 pcs/cm’.
Results and discussion

Experimental studies of the aerodynamic parameters of a single rotating cylinder with a rough surface
under different wind flow regimes and relative roughness values are carried out.

Figure 3 shows a graph of the dependence of the lifting force of a single rotating cylinder on the air
flow velocity with relative roughness values of 0.005-0.02.
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Figure 3. Graph of the dependence of the lifting force of the rotating cylinder
on the change in the air flow velocity and on k/d: 1) 0.005, 2) 0.01, 3) 0.02.

As can be seen from Figure 3, with an increase in the value of the relative roughness (surface rough-
ness), the lifting force of the cylinder increases. This is due to the fact that during the rotation of the cylinder
with an increase in the relative surface roughness the resulting boundary layer expands.

It is known [17] that the roughness provides a continuous flow around the cylinder, compared to the
smooth surface of the cylinder. This is due to the stronger “grip” of the boundary layer with a rough surface
than with a smooth one. The rough surface, most effectively captures the air particles moving around the
wall area when the cylinder rotates, which in turn creates a rotational air flow, thereby increasing the effi-
ciency of the work.

54 BecTHuk KaparaHgmHckoro yHusepcurteTa



Influence of a rough surface...

Figure 4 shows a graph of the dependence of the drag force of a rotating cylinder on changes in the
air flow velocity and relative roughness. Hence, it can be concluded that the roughness also has a signifi-
cant effect on the drag force by forming micro-roughness when flowing around the air flow. In the case of
a turbulent boundary layer, the effect of roughness becomes stronger and earlier, the greater the relative
roughness of the surface. The drag force of the rough surface will mainly consist of the resistance of the
roughness bumps streamlined by the air flow.
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Figure 4. Graph of the dependence of the drag force of a rotating cylinder
on the change in the air flow velocity and on k/d: 1) 0.005, 2) 0.01, 3) 0.02

To further study the aerodynamic parameters of the experimental cylinder layout the most optimal
variant with a relative roughness value of 0.02 was selected, which had high indicators.

In the course of research, the dependences of the lifting force and drag force of a single rotating cyl-
inder with a rough surface on the speed and angle of attack of the wind flow (0°, 30° and 60°) were ob-
tained, and shown in Figure 5 (a, b, ¢).

As can be seen from the figure 5 (a, b, c), the amount of lifting force increases to a certain value of
the cylinder rotation speed (in our case, u=11 m/s), with a further increase in speed a sharp increase in lift-
ing force is not observed. When conducting a comparative assessment of these dependencies, it was found
that with the direct transverse direction of the wind air flow (angle of attack of the flow 0=0°) the maxi-
mum lifting force of 3.5 N is achieved with a flow speed of 15 m/s, almost 4 times more than with a simi-
lar speed value with an angle of attack 0=60°. This is explained by the fact that at small values of the angle
of attack up to 10° the flow pattern is attached, at angles of attack from 10° to 30° the character of the de-
tached flow is symmetrical vortices, and at average values of the angles of attack 30° to 60° an invariable
asymmetric vortex pattern occurs, in which transverse forces are formed, pressure on the cylinder is exert-
ed [18].

The measurement of the horizontal component of the aerodynamic force generated by the flow
around the rotating cylinder makes it possible to determine the dependence of the drag force on the speed
and direction of the air flow.

As can be seen from the figures, the qualitative nature of the presented dependencies at different an-
gles of attack of the air flow practically repeat each other.

An increase in the values of the air flow velocity leads to an increase in the drag force of the rotating
cylinder. As a result of the conducted studies the comparative efficiency of the rotating cylinder with a
rough surface is shown, at the angle of attack of the air flow a=0°, with the direct transverse direction of
the wind air flow, the flow velocity of 15 m/s-the maximum value of the drag force of the rotating cylinder
is equal to 12 N.
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Figure 5. The dependence of the lifting force and the drag force of a rotating cylinder
with a rough surface on the air flow velocity at an angle of attack of the wind flow (0°, 30° and 60°)
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Conclusions

This paper presents the results of studies of the aerodynamic characteristics of cylindrical blades of a
wind power plant. During the execution of the work:

— a comparative graph of the dependence of the lifting force and drag force on the change in the air flow
velocity and the relative surface roughness is obtained. Based on the results of these studies, the optimal sur-

face of the cylinder layout with a relative roughness (£ ) of 0.02 was chosen, which gives a stronger adhe-
sion of the boundary layer to the surface than other rough surfaces considered;

— the dependences of the lifting force and the drag force at the angles of attack of 0, 30, 60 degrees are
obtained and analyzed. Comparing these dependencies, it was found that at a flow rate of 15 m/s, the maxi-
mum value of the drag force and lift force, 12 H and 3.5 N respectively, is achieved, which entails an in-
crease in the efficiency and efficiency of the wind power plant (the angle of attack was 0°).
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H.K. Tanamea, A.P. baxTeioexosa, JI.JI. MunbkoB, C.A. Bojierenona,
H.H. Hlyrombaea, A.K. Tneybeprenosa, b.A. Tokrapbaes

AlfHaIMAaJIbI WWJIMHAPAIH 23POAMHAMMKAJIBIK
cUnaTTamMachbiHa KeAip-0yAbIp OeTiHiH dcepi

Maxkanaza UWIMHAPIIK KalaKUIAHBIH THICTI KeAip-OyABIPIBIFBIHBIH a3pOJUHAMMKAIBIK CHIIATTaMalapra
acepi KapacTeIpsurraH. KapacTeIpbuIaThIH KaJaKIIanapablH JKYMBICEIHBIH Heri3i Marayc s¢dekrici exeHairi
Oenrini, on DWIMHAPIEPAl KeJIAEHEH arblHMEH alHaiIbelpy KesiHge keTepy KymriniH (MarHyc KyIIiHIiH)
nmaiiza OONybIMEH cHIaTTananbl. By KyII jKell JOHFalafblH allHaIABIPY YIIH KOJIAaHBUIAIBI, KOTEPrill
KYIIKEe yKcac, OipaKk TeOMETPHSUIBIK CHSKTHI JKOHE adpOJMHAMHUKAJBIK OHTAWIIBI >Karjaiiapisl TaHIaraH
Ke3/ie dJaeKaiiia yikeH MoHre ue 00iysl MyMKiH. JXKymbicTeiH aBropnapst 0,005-ten 0,02-re neiiiH e3repetin
CaJIbICTBIPMaNbl  KeOip-OyAbIpiabl  OSTTi IMIMHAPIEPAIH MakKeTiHe Tanjayiap OKypri3mi. AftHammansl
WWIMHAPJIEPAIH a’poArHAMHKA YACSpIiCiH 3epTTey OOibIHIIA TIKIpHOETiK 3epTTeyiep aya arbIHbIHBIH MOHI
S-ten 15 wm/c kesinpe T-1-M adpomuHaMUKaNbIK KYOBIPBIH TaiifajaHa OTBIPBIN, adpPOANHAMHKAJIBIK
3epTXaHaja Kypriziigi. AHHanIMai bl WIMHAPIIH KOTepy KYIIi MEH KeAepri KYILIiHIH aya arbIHBIHBIH
JKBULIAM/IBIFBIHBIH ©3TepPYIHEH KOHE THICTI KeXip-OyIbIpJIBIFbIHAH TOYSNIUNTIHIH rpaduri amslHasl, k/d.
Mumaapain ToxipuOeNik MakeTiHiH a3poANHAMUKAIBIK KOPCETKIMTEPIH OJaH dpi 3epTTey YIIIiH, XKOFaphl
KepceTKimTepre ue OonFaH, THICTI Kemip-OyabIpibrbHEH 0.02 MOHIMEH €H OHTAMIbI HYCKa TaHJaJJIbL.
Toxipubenik 3eprreynep OapbICBIHIA JKEI AaFbIHBIHBIH OKBULIAMIBIFBI MEH Ia0ybul OypBIIIBIHAH
(0°, 30° xone 60°) Oeri kemip-Oyapip Oip alHaIMaNIbl UIMHAPAIH MIa0ybU1 OYPHIITAPbIHAH KOTEPY KyIIi
MEH KeZepri Kyur MoHAepiHiH Toyenaimik rpadukrepi ambiagsl. Tuimai mrabysut Oypeiubt 0° exeHmiri
AHBIKTAJIABl JKOHE JKYMBICTBIH aBTOpJIApbl A3POJMHAMMKAJIBIK CHIATTAMalapblH MaKCHMAaJIbl MOHJEPIH
alJbl.

Kinm ce30ep: numHp, aspoauHaMuka, Marunyc s ¢dexrici, aspoquHaMHUKaNbIK KyYObIp, THICTI Kelip-Oyabip,
m1a0ysuT OYphINIBL, KOTEepy KYIIi, KeAepri KyIIi, aya aFbIHEL.

H.K. Tanamesa, A.P. BaxTeioexoBa, JI.JI. MunbskoB, C.A. bonereHosa,
H.H. lllyrom6aesa, A.)K. Tneyoeprenosa, b.A. Toktap6aes

Biansinue mepoxoBaTou MOBEPXHOCTH HA a3POAMHAMHUYECKHE
XapPaKTEePUCTUKHU BPAaLIa0UIerocss HMJIMHIAPA

B craThe paccMOTpPEeHO BIMSIHUE OTHOCHTEIBHON IIEPOXOBATOCTH LMIHHAPUIECKOHN JIOMACTH HA a’pOAMHA-
MHYECKHE XapaKTePUCTUKH. VI3BECTHO, 4TO OCHOBOI paboThl paccMaTpUBAaeMBbIX JlonacTeil apisercsa sdexr
Marnyca, KOTOpPbIi XapakTepu3yeTcs MOSIBICHUEM IOABEMHOW CHIbI (CHIIBI Marnyca) mpH BpalleHHH LH-
JIMHJPOB B IIOIEPEYHOM IOTOKE. DTa CUJIa UCIIONIB3YETCs Al BPalleHHUs BETPOKOJIECa, AHAJIOTUYHO IOABEM-
HOHU cHIle, HO MOXKET IMETh ropas o OOJBIIYIO BEIMYUHY P IT0100pE ONTHUMAIBHEIX YCIOBHH, KaK F€OMeT-
PHUECKHX, TaK ¥ a9pOJHHAMUYCCKAX. ABTOPHI pabOTHI MPOBENIN CPABHUTEIBHBIN aHAIN3 MAaKeTa MIIHHAPOB
C OTHOCHUTEJIBHOHU IIEPOXOBATOCTBIO, KOTOpas Bapbuposanack oT 0,005 go 0,02. DxcriepuMeHTalIbHbIE HCCIIE-
JIOBaHUs TI0 U3Y4YEHMIO MPOLEcca a3pOANHAMUKHU BPAILAIOMIMXCS LIIHHAPOB ObLIM NMPOBEIECHBI B a9POJHHA-
MHYECKOH Ja00paTOPHH ¢ UCHOJIB30BaHUEM a’dpoAnHamuueckoil Tpyde T-1-M mpu 3Ha4eHUH BO3IYIIHOTO
noTtoka ot 5 10 15 m/c. Ioy4ens! rpaduku 3aBUCUMOCTEH MOJbEMHON CHIIBI M CHIIBI IOOOBOTO CONPOTHBIIC-
HHS BPAIIAIONIETOCS IMINHIPA OT U3MEHEHHsI CKOPOCTH BO3YILIHOTO MOTOKA M OT OTHOCUTENIBHON HIEPOX0-
BaTOCTH, k/d. JIyisi manmbpHEHIIero ucciexoBaHus adpoJMHAMUYECKIX TT0Ka3aTeel SKCIIepUMEHTAILHOTO Ma-
KeTa HWINHIpa ObUT BEIOpaH Hanbosee ONTHMAIbHBIH BAPHAHT CO 3HAYEHHEM OTHOCHTEIILHOW IIepOXOBaToO-
ctu 0,02, KOTOpBII UMeN BBICOKUE ITOKa3aTeNd. B Xo/e sKclepUMEHTalbHBIX UCCIICA0BAHUN NOTy4EHBI Ipa-
(KM 3aBHCHMOCTEH 3HaUEHHH 1TOIbEMHON CHIIBI ¥ CHIIBI JIOOOBOTO COIIPOTHUBIICHHS OT YIJIOB aTaKU OJWHOY-
HOI'0 BpAILAIOIIErocs LMIMHAPA C MIEPOXOBAaTOM MOBEPXHOCTBIO OT CKOPOCTU U yIVIa aTaKH II0TOKa BETpa
(0°,30 u 60°). YcranosneHo, uto 3¢ (GeKTUBHBIM YIJIOM aTaku seisercs 0°, mpu KOTOPOM aBTOPBI PaboThI
MOTYyYUIN MaKCUMAaJIbHbIE 3HAUEHUS a9POJNHAMHYECKUX XapPAKTEPUCTHK.

Kniouesvie crosa: nunuuap, aspoauHamuka, sGgdexkrt Marnyca, aspoguHamuueckas TpyOa, OTHOCHTENbHAS
IEPOX0BATOCTb, YTOJ aTaKH, MOJbEMHAsI CHJIA, CUJIa COMPOTHUBIIEHHS, BO3AYIIHBII MOTOK.
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