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Abstract—We report on the results of experimental investigations on determining drag and lift.e@€fficients for
a system of two parallel rotating cylinders. The results show that with increasing the distance’betwgen rotating
cylinders, drag and lift coefficients decrease. It has been established experimentally‘that thediStance begin-
ning with which cylinders almost stop acting on each other is 0.4 of the diametegofithese,cylinders.
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INTRODUCTION

Modern level of development of engineering and
high technologies makes it possible to use a rotating
cylinder as a special element for obtaining an addis
tional lift force directed across the flow. For a cylinder
rotating in an air flow, the flow velocity and velocity of
the surface in the upper part of the cylinder coingide;
these velocities are added, the flow is acceleratedyand
the velocity increases [1]. In the lower part 6fithe eyl-
inder, the velocities of the flow and of thes#fétating sur-
face have opposite directions and are subtracted;
deceleration and a decrease inathevelogity are
observed [2—4]. Such a differencein the“velocities
leads to the emergence of a trafisvetse pressure differ-
ence and of a transverse lift forceMdgnus effect). We
used this phenomenon forfdesigning/a windmill.

The Magnus effect emerging for a cylinder rotating
in a flow has been uséd long ago, but the possibility of
its practical applicationjas a‘driving force of new-gen-
eration windmillsjfor low flow velocities has been
studied systematicallyyefily in recent years.

This*"cemimunication is aimed at analysis of aero-
dynamic characteristics of two parallel rotating cylin-
ders based onthe Magnus effect.

The dependences of acrodynamic characteristics of
rotating cylinders on the bevel angle of the air flow
were studied earlier [5].

1. EXPERIMENTAL

Experiments were performed at the research labo-
ratory for aerodynamic measurements (Prof. Akyl-
baev, Department of Engineering Thermal Physics).

The test®mocksup of two parallel rotating cylinders
operating based ‘'on the Magnus effect was assembled
and later tested in a transverse air flow at different
velogities.yThe mock-up was installed in the working
part of a T-1-M wind tunnel fixed to the frame of a
three=component aerodynamic balance with the help
oftthin metal tension wires. Three-component acrody-
namic balance makes it possible to measure the drag
and lift forces to a high degree of accuracy.

For studying the system of rotating cylinders, we
investigated aerodynamic parameters of a system of
two rotating cylinders arranged in parallel.

Figures 1 and 2 show an arrangement diagram of
two parallel rotating cylinders, in which the air flow
incoming on the head part of a cylinder produces a
force, which is detected by the balance, and a photo-
graph of the working part of the wind tunnel with the
experimental mock-up for testing.

Experiments were made with two rotating cylinders
100 mm in diameter; the air flow velocity was varied
from 5 to 10 m/s. The velocity of the incoming flow
and the frequency of rotation of cylinders remained
unchanged.

Laboratory tests were carried out with a separation
between cylinders varied from 0.5 to 10 cm.

During analysis of aerodynamic characteristics of
the rotating cylinders, two situations were considered:

(i) both cylinders rotate in the same direction
against the air flow;

(ii) the cylinders rotate in opposite directions.

Drag coefficient C, and lift coefficient C, were cal-
culated during the experiments using expressions
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Fig. 1. Diagram of arrangement of two parallel rotating
cylinders.
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[N]; p is the density of air, [kg/m?]; u is the air flow
velocity, [m/s]; and S is the midsection area, [m?].

2. RESULTS

From the results of investigation of aerodynamic
forces, we calculated and plotted curves describing the
dependences of the drag coefficient and lift coefficient
on distance L between cylinders.

Fig. 2. General view of the working pa: the Wi
with installed rotating cylinders beingytes
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ig. 4. Dependence of the lift coefficient on the distance
between cylinders rotating in the same direction.

Figure 3 shows the dependence of the drag coeffi-
cient on the separation between cylinders rotating in
the same direction.

With increasing distance between the cylinders to
3 cm, the drag coefficient increases, but upon a further
increase in this distance (from 3 to 4 cm), the drag
coefficient gradually decreases from 2.3 to 1.4. With a
further increase in the distance between the cylinders,
their mutual action almost disappears.

Figure 4 shows the dependence of the lift coeffi-
cient on the distance between cylinders rotating in the
same direction. It can be seen that with increasing dis-
tance between the cylinders to 3 cm, the lift coefficient
increases. Upon a further increase in distance from 3
to 4 cm, the lift coefficient gradually decreases from
1.3 to 1. With a further increase in distance to 4 cm and
larger, the mutual effect of cylinders disappears.

Further, we consider unique graphs describing the
dependences of the drag and lift coefficients for cylin-
ders rotating in opposite directions (Figs. 5 and 6). In
this case, vortices appearing in the wake behind rotat-
ing cylinders approach one another and then merge
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Fig. 5. Dependence of the drag coefficient on the distance
between cylinders rotating in opposite directions.

together, forming a region resembling a streamline
body.

It can be seen from curves plotted in Figs. 5 and 6
that in contrast to cylinders rotating in the same direc-
tion, oppositely rotating cylinders almost do not pro-
duce a lift force because the lift coefficient almost
remains unchanged with increasing distance between
cylinders. Upon a further increase in the separation
between cylinders, the mutual effect of the cylinders
almost disappears.

CONCLUSIONS

The results of this study lead to the following con-
clusions:

(i) the optimal variant is that with oppositely.rotat-
ing cylinders separated by a distance of 3.cmj

(ii) the distance beginning with which the\mutual
action of cylinders practically disappearsyis 44m (0.4
of the diameter of tested cylinders);ithis distance is
established as a rule for any sysfem of cylinders exper-
imentally.

In contrast to avdilable metheds, this approach is
based on the active trappingiefithe air flow by rotating
cylindrical elements:“Ehe Censtancy of the cross sec-
tion ensures optimal a€todynamic drag for rotating
elements afidia largethrust. Based on the results in this
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Fig. 6. Dependence of the lift coefficient onithe distance
between cylinders rotating in opposite directions:

study, we are planning to,design a wind turbine with
blades having the shape ofyrotating cylinders with a
horizontal rotation axis.

FUNDING

This research'was Supported by project no. AP05131520,
Designing and/€onstruction of an Experimental Model of a
Wind RowenPlantfor Alternative Power Supply using a Do-
imestic ElectrieyGenerator.

REFERENCES

1. N. M. Bychkov, Thermophys. Aeromech. 15, 321
(2008).

2. K. Kussayinov, S. E. Sakipova, and N. K. Tansykbaeva,
in Proc. 7th Int. Symp. on Turbulence, Heat and Mass
Transfer, Palermo, Italy, 2012, p. 125.

3. K. Kussayinov, N. K. Shuyushbayeva, Yu. N. Ryzhykh,
Yu. O. Stepanova, and S. B. Bagdatova, Vestn. Kara-
gand. Univ. Ser. Fiz. 82 (2), 50 (2016).

4. K. Kusaiynov, N. K. Tanasheva, M. M. Turgunov, and
A. R. Alibekova, Tech. Phys. 60, 656 (2015).
https://doi.org/10.1134/S1063784215050126

5. N. K. Tanasheva, N. N. Shuyushbayeva, and E. K. Mus-
senova, Tech. Phys. Lett. 44, 787 (2018).
https://doi.org/10.1134/S1063785018090134

Translated by N. Wadhwa



	INTRODUCTION
	1. EXPERIMENTAL
	2. RESULTS
	CONCLUSIONS
	REFERENCES

		2019-07-31T15:18:10+0300
	Preflight Ticket Signature




