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Simulation of airflow pattern of two rotating cylinders

The article discusses calculations of numerical simulation of airflow pattern of two rotating cylinders at low
wind speed. The authors obtained universal dependences on aerodynamic characteristics of the incoming flow
rate at a constant angular velocity. They also found aerodynamic characteristic of rotating cylinder in a turbu-
lent air stream and analyzed the flow pattern of two rotating cylinders, vorticity field, drag and lift coeffi-
cients.
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Introduction

Currently the advent of high tech industrial and domestic installations leads to an increase of energy
consumption for the maintenance of electricity consumers. The decrease of coal, oil and natural gas reserves
forces us to search for a new alternative source of energy. These sources include devices running on solar,
wind and water energy.

It is difficult to use hydro energy in our country because there are few large rivers used to build hydro-
power. Since we have many areas where the wind blows regularly, one of the research directions is devoted
to the study of wind energy and the devices based on it.

The first attempts to create such devices were made in early 90’s. The wind-driven electric plant con-
structed by A.V. Bolotov [1-4] is widely used nowadays and is constantly susceptible to any wind direction
and to velocity due to gyroscopic effect at rotor rotation in which an increase of turbine power occurs via the
guiding unit.

Another popular installation today is construction of Russian scientist N.M. Bychkov. It is wind turbine
with rotating cylinders, using the Magnus effect in its operation, characterized by the lift appearance
(the Magnus force) during cylinder rotation in a crossflow. This force used to rotate wind wheel, similar
to lift of the blade, but it has a much greater value [5].

Methods of measurement

In this article we consider numerical simulation of two parallel air flow rotating cylinder in the chamber
of wind turbine. We received the values of aecrodynamic characteristics of installation. The experimental re-
search [6] conducted in wind turbine T-1-M with open working area, diameter of which was 500 mm.
Air flow velocity was changing in the range between 2,5 m/sec and 10 m/sec. The incipient turbulence was
3%. Diameters of the tested cylinders was 100 mm, velocity of rotation 100/1500 rpm. Drag and lift forces
were measured by three-component aecrodynamic balance.
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Mesh (Time=8 6800e-01) Mar 26, 2015
ANSYS FLUENT 13.0 (2d, dp. pbns, ske, iransient)

Figure 1. Numerical simulation area

The settlements for numerical simulation flow of rotating cylinder were made using software package
Ansys Fluent. The finite-difference grid of two rotating cylinder was built in the Gambit 2.3.16 software.
Analytical grid with concentration to cylinder surface was used (Fig. 1). Cylinders were placed in the center,
the distance between them was 2 cm. The number of cells was 130 000 thousand. Angular velocity and rotating
direction were given.

The system of equations describing the flow of gas is represented in the form:

a—V+(V*v)V=F—lvp+vv2V (1)
ot p
divl =0.
Boundary conditions. Boundary conditions at the wall.
No slip condition.

V=0;

6k C3/4 . k3/2

Zo0, g, =22 )

on k-y,
where k£ = 0, 4187 — the Karman’s constant; index P — refers to the center of the cell wall of difference
grid.
Boundary condition at the input.

u=U_;V=0.

Turbulent flow parameters are defined by specifying the intensity of turbulent pulsations / and hydrau-
lic diameter Dhyd:
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Boundary condition at the outlet:

w0,

ox
Standard set of empirical constant (1) used for &~ model is usually default in the computing package:

C,=0.09,C, =1.44,C,, =1.92,6, =1.0,5, =1.3.

The measurement environment was taken in accordance with aerodynamic tube size. It is a spherical
area with the model inside it (Fig. 1).

Discussion of the results

A picture of pressure distribution in numerical integration (Fig. 2) and current line (Fig. 3) was obtained
in the course of numerical simulation.
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Contours of Static Pressure (pascal) (Time=8.6800e-01) Nov 11, 2015
ANSYS FLUENT 13.0 (2d, dp, pbns, ske, transient)

Figure 2. Full pressure distribution area

Figure 2 shows that at the point of contact of pressure pattern of each cylinder there is a high pressure
between cylinders and rarefaction zone outside the cylinders.

There is current line distribution area in Figure 3, we can observe formation of two circulation areas.
One circulation area is in the lower part of cylinder as it moves in a clockwise direction, and the second area
is on the top of the cylinder as it moves counterclockwise. We can say that they are symmetrical relative
to the symmetry axis that goes through the center of cylinder. And we may assume that eddyrfree zone
would occur between two circulating areas.
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Contours of Stream Function (kg/s) (Time=8.6800e-01) Nov 11, 2015
ANSYS FLUENT 13.0 (2d, dp, pbns, ske, fransient)

Figure 3. Current line distribution area

Figure 4 and 5 show the dependence of drag and lift force on incoming flow rate at turbulence intencity
of 10% and at a constant angular velocity of 1000 rpm.
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Figure 4. Dependence of drag and lift force on incoming flow rate at angular velocity of 1000 rpm
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Numerical experimentation data approximated by power law relationship: F.=0.1116-V""",

As incoming flow rate increases, the drag force also increases.
Numerical experimentation data shown in figure 5 approximated by polynomial dependence

F,= —0.2257V* +4.9479V —3.7068. From the graph, we can see that the drag force increases as the incom-

ing flow rate increases, but as it reaches its maximum value of 10 m/sec, it starts to decrease.
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Figure 5. Dependence of drag force on incoming flow rate at angular velocity of 1000 rpm

Figure 6 shows the dependence of drag coefficient on Reynolds number at a constant angular velocity
of 1000 rpm. Numerical experiment data approximated by power law relationship C, =160.81-Re™**"".
Drag coefficient decreases as Reynolds number increases.
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Figure 6. Dependence of drag coefficient on Reynolds number at angular velocity of 1000 rpm

Figure 7 shows the dependence of lift coefficient on Reynolds number at constant angular velocity

of 1000 rpm. Numerical experiment data approximated by power law relationship: C, =3e+0.6Re™*”.

Lift coefficient decreases as Reynolds number increases, but with further increase of Re, we may assume that
lift coefficient would reach its maximum and would not decrease any more.
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Figure 7. Dependence of lift coefficient on Reynolds number at angular velocity of 1000 rpm
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Summary

Thus, the pattern of full pressure distribution in numerical integration was obtained. It has been estab-
lished that the air flow around two rotating cylinders leads to the occurrence of high pressure area in the
point of contact of pressure fields of each cylinder, and rarefaction zone outside the cylinder. Universal de-
pendences of aerodynamic characteristics on incoming flow rate at a constant angular velocity were obtained
based on numerical simulation and conducted experiment. It also included airflow pattern around two rotat-
ing cylinder explaining the behavior of aerodynamic characteristics.
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AyaHbIH aFbIHBIMEH €Ki alHAJIMAJIbl HUJINHAPJIEPAi opan
arybIH MOJeJibJey

Makanaza >Ken/iH a3 KbULIaMABIFbl Ke3iHer aiiHanIMaIbl eKi IWINHAPIIEPAl aya aFbIHBIMEH Opall aFybIHbIH
CaHJBIK MOJENbJACY ecedl KenTipiireH. ABTOpIApMEH TYPaKThl OYPBHIMITHIK KbUIIAMIBIK Ke3iHAe Kypil
OTETIH aFrblH JKbUIJAMJIBIFBIHAH a3POJMHAMUKAJIBIK CHIATTaAMalapiblH oMOeOan ToyeJAiNiKTepi albIHIbL.
Conpaii-ak ayaHbIH TypOYJICHTTI aFbIHBIH/A alfHAIMAIIBI NWINHIPIEPIIH adpOoIMHAMUKAIIBIK CHIIaTTaMaIaphl
aikprHpanrad. Exi afHaaMalsl DWIMHAPAIH Opall arybl, KYHBIHAATY epici, KeTepy KYIIi MEH MaHIal ayjbl
Kezepri ko3 GUIMEeHTTepi KaH-KaKTHI TaJaH L.
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MopaeanpoBanne KaApTHHBI 00TEeKAHUSA IBYX BPAalIalomIUXCsl
HUJIMHIPOB MOTOKOM BO3yXa

B craree nmpuBeneH pacdeT YHCICHHOTO MOAEIUPOBAHMS 00TEKaHMSI OTOKOM BO3JyXa IBYX BPAIlAIONIUXCS
LUIMHIPOB MPU MaJIbIX CKOPOCTSIX BETpa. ABTOPAMH CTaThbH MOIydYEeHBl YHHBEPCATbHBIE 3aBHCUMOCTH a3pO-
JMHAMHYECKUX XapaKTEPUCTUK OT CKOPOCTH HAOEraroliero MoTOKa MpU TMOCTOSHHOW YIIOBOH CKOPOCTH.
Takxe momydeHsl a3pOANHAMHIECKHE XaPAKTEPUCTUKU BPAILAIOMIUXCS IUINHAPOB B TYpOYJIEHTHOM MOTOKE
Bo3ayxa. IIpoananu3upoBaHa kapTHHAa OOTEKaHHs IBYX BPAIIAIOIIUXCS LWJIHHIPOB, MOJS 3aBUXPEHHOCTH,
K03 HHUIIHEHTBI T000BOTO CONPOTUBICHUS U TOABEMHON CHIIBL.
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