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Abstract. The paper is devoted to a numerical study of the characteristics of a cycloidal rotor
depending on its construction features. It is established that the 2D simulation does not
adequately resolve the investigated problem. This is connected with the complex three-
dimensional structure of the flow formed by rotor. The 3D calculations allow detecting sucking
in airflows into the end faces of rotor. This requires studying the effect of the end faces
construction. Two rotor geometry options with open and closed end faces are considered. The
significant dependence of formed flow structure behind the rotor, rotor thrust, and energy
characteristics depending on the design of its end faces is established.

One of the types of prospective propellers for aircraft is the cycloidal rotor [1-4]. It is a device with
horizontal axis of rotation, to which the airfoils (blades) are arranged in parallel. Controlled angle of
attack of the rotor blades allows changing the thrust vector almost instantly, which is one of the
advantages of the propulsion device of this type It provides vertical take-off and landing as well as
high maneuverability of the aircraft.

The idea of using a cycloidal (rotary) propulsor was proposed by Robert Hooke in 1681 and it has
been used industrially since 1925 as a ship screw for ships with increased requirements of
maneuverable qualities. In 1909, the Sverchkov's aircraft became the first aircraft in the history, built
on the principle of cyclogyro, however, the 10 h.p. engine of the Biischi design could not even budge
the "Airplane". Until 1935 active research was conducted in Germany, the USA, England, France and
other countries. After half-century of stagnation in the development of aircraft with cycloidal
propellers, this scientific direction once again began to gain momentum in the world science, the
subjects are engaged scientific teams from South Korea, Singapore, the United States of America and
China, a special European corporation CROP was founded.

Modern studies of the cycloidal propulsor can be divided in two directions: the creation of
unmanned aerial vehicles of small dimensions [2], [3], [7]; creation of aircraft for transportation of
people and cargo. Abroad (South Korea, the United States, China, Italy) small-sized aircrafts from
0.03 to 100 kg have been already created and flight tests have been conducted, but large-scale aircraft
using cycloidal rotors such as a propulsor yet have not been created.

Carrying out literature analysis allows establishing that for the rotors of the size ~1.0m, different
authors offer the following optimal parameters:

- the number of blades: 4 - 6;

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd 1


http://creativecommons.org/licenses/by/3.0

Thermophysics 2018 IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 1105 (2018) 012029  doi:10.1088/1742-6596/1105/1/012029

g T T I 100 T i
4 & & @Exp.(Xistoetal) 4 & & &Exp (Xistoetal)
A—Ah—a Calc (Xisto et.al.) A—&—a Calc. (Xisto et.al.)
20 —- @ @ @ Calc. (Dekterev et.al.) 80— @® @ @&ZCalc. (Dekterev et.al)

%
Vi

K
1000 —§ ! 1 1 40/
4

60 —

Thrust (N)
Power (kW)

500 —

g - . I ‘
¢
| . : I : [ T T ' T ) T ) T
200 °® 400 * e00 ™ 800 ** 41000 " 200 ™ 400 ™ es00 ™ 800 ™ 1000 "™
Speed of rotation (rpm) Speed of rotation (RPM)

Figure 1. The thrust (a) and the power (b) depending on the rotor rotation speed.

- chord of blades: 0,3 m;
- blade profile: NACA0016 - NACAO0018;
- maximum angle of attack of the blades: 30 ° - 35 °.

A rotor version with a diameter D = 1.2 m, length L = 1.2 m with NACA 0016 profile with a chord
length of 300 mm, and kinematics of blades identical to [1], [4], [S] was chosen for the test
calculations.

In most papers [1], [4], [5], [6], the URANS approach with Spalart Allmaras and k- SST
turbulence models are used to study the aerodynamics of rotor propulsors. In this paper, a more
consummate two-parameter k- SST turbulence model with the use of wall functions was chosen for
calculation. To approximate the equations, schemes of the second order of accuracy by time and space
were used. The problem of a variable angle of attack of blades was solved due to realization of the
kinematic scheme using the sliding grids technique.

The mathematical model in the two-dimensional formulation was verified according to the
calculated and experimental data of Xisto et al. As can be seen in figure 1, the simulation data
correlate with the literature data.

Preliminary 2D and 3D calculations for idealized geometry, which showed significantly different
thrust and energy parameters of the rotor were performed. The difference was natural for different
rotor rotation speeds.. This is because the flow was largely three-dimensional. Based on the results of
3D calculation, a significant air suction into the end faces of the rotor was revealed. In this connection,
there was a fundamental need to study the effect of the end face design of the rotor on its
characteristics. Two options of the rotor end face designs (open and closed) were considered (figure 2).

Figure 2. Geometry of the rotor
with closed end faces.
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Figure 3. Velocity fields in the transverse (a) and longitudinal (b) sections and the
velocity isosurface (c) for the rotor with open end faces.
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Figure 4. Velocity fields in the transverse (a) and longitudinal (b) sections and the
velocity isosurface (c) for the rotor with closed end faces.

As was noted earlier, in the case of open ends, considerable air suction on the sides of rotor was
observed. The flow formed behind the rotor, in this case has a flattened profile, narrow in the
longitudinal section of the rotor and significantly stretched in the transverse section (figure 3). The
structure of the flow differs radically from that obtained in two-dimensional calculations. In case of
using closed end faces, the flow has a more pronounced core, not exceeding in width and height the
size of the rotor (figure 4), which is more similar to the results of two-dimensional calculations.

Table 1 presents the results of 2D and 3D calculations for the rotor at speeds of 800, 1000, 1200
rpm for the two types of end faces - open and closed. It follows from the results that in the version
with open ends the thrust generated by the rotor is slightly higher than that in the case where the end
faces were closed, but the power expended by the rotor is substantially higher, which ultimately leads
to a radical drop in the efficiency of the rotor.
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Table 1. Rotor parameters.

Rotation speed, Thrust, kgF Power, kW Efficiency, kgF/kW
pm 2D 3D 3D 2D 3D 3D 2D 3D 3D
Closed Open Closed Open Closed Open
800 158,0  150,8 165,1 32 35,6 51 4,94 4,2 3,2
1000 2472 2344 249,1 6l 63 94,5 4,05 3,7 2,6
1200 349,6 3455 374,1 101 121 169 3,46 2,86 2,2
Conclusions

The calculations have shown that there is a significant dependence of the flow structure behind the
rotor, as well as its thrust and energy characteristics, on the design of the end faces. In the case of open
end faces, the thrust is higher by 10-15% than that with the closed end faces, however, the power used
is much higher. In this regard, the efficiency of the rotor with closed ends is higher by 50%. In
addition to prevention of air suction the closed end faces may act as rotorblade winglets. It can lead to
the effect of reducing the induced drag created by wingtip vortices and increasing of rotor thrust. An
analysis of this effect has been carried out in paper [8]. Considering this, the complexity of the rotor
aerodynamics and the necessity of more careful calculation and experimental study can be noted.
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