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ABSTRACT 

 

The cyclocopter is an aircraft that is capable of vertical take-off and landing using a 

cycloidal blade system. The cycloidal blade system consists of variable pitch blades that 

rotate around an axis which lies parallel to the spanwise direction of the blades. The model 

cyclocopter developed by Seoul National University has four rotors and maximum pitch 

angle and phase angle of the blades in each rotor are individually controlled. Each rotor 

has four blades and the controlled maximum pitch and phase angles are related to the 

magnitude and the direction of thrust force, respectively. 

In the modeled cyclocopter, two rotors are placed next to each other as a tandem type and 

the distance between the two is very close. Therefore, there is flow interference between 

the rotor during the hovering or the forward flight. It is necessary to understand the flow 

structure between those rotors to establish a control algorithm, which includes determining 

proper maximum pitch angle and phase angle for each flight situation. In this paper, CFD 

analysis is used for parametric study of two rotor cycloidal system. It was conducted with 

a transient method because the blades change its pitch angle periodically during a rotation. 

A two-dimensional finite volume mesh system contains front and rear rotors which is half 

of the modeled cyclocopter. Note here that only two rotors are needed for the two-

dimensional CFD study since the other two rotors are aligned repetitively. 

Commercial softwares, ANSYS Fluent and ANSYS CFD-Post, were used for flow solving 

and post processing. To change pitch angle of the blades during a rotation that has a 

sinusoidal profile, a user defined function (UDF) was integrated into the Fluent as well as 

a sliding-mesh method. Each blade and each rotor are meshed with circular rotating zone 
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that has a sliding interface with larger surrounding mesh system. 

Result from the two rotor system is different from a single rotor system in terms of force 

magnitude, efficiency of the system, and flow structure such as induced flow direction. In 

the forward flight case, rear rotor feels quite different incoming flow than the front rotor. 

This behavior can cause a failure due to imbalanced force of rotors. The degree of 

imbalance varies with velocity, posture, and flying direction. In order to overcome the 

imbalanced force of rotors, the flight posture should be tilted to forward to release the rear 

rotor from the downwash effect. In addition to this, the different pitch and phase 

conditions must be applied on those two rotors to maintain a stable flight.  

The major purpose of current analysis is to study the flows of the two-rotor cycloidal 

system and to obtain the dynamic characteristics of the rotors on various conditions in 

which velocity, pitch angle, phase angle, and posture are different. Hence, it is important 

to understand flow structures to predict flight stability and to build up control algorithm. 

The case studies will be followed to attain the most effective and efficient pitch angles and 

phase degrees for given velocity and posture conditions. 

 

Keywords : Cycloidal blade system, cycloidal pitch motion, cyclocopter forward flight,  

CFD analysis 
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1. INTRODUCTION  

 

The cycloidal blade system has various advantages for using on UAV. There were 

numerous studies about it, yet there is no remarkable result about cycloidal blade system 

UAV until these days. The UAV with cycloidal blade system was introduced by Kirsten at 

the University of Washington in 1920ôs [1]. However, Kirstenôs works could not come to 

fruition due to the funding matters. Around the same time, Wheatley at the NACA Langley 

Research Center developed cyclogiro rotating wing [2]. He also couldnôt reach the 

successful result due to the differences of theory and experiment. More recently, McNabb 

developed a computer model for cycloidal propeller and compared thrust and power on the 

rotor from experimental results constructed by Bosch Aerospace [3]. This work also could 

not deliver complete result. 

 

 

  Figure 1.1 Cycloidal flying machine (Kirsten, 1934) 

 

However, there are few noticeable results in these days including Maryland University and 

D-Dalus in Austria. Both groups have developed practical model working on stable hover 



  

flight. The cycloidal blade system receives attention again in these days as an effective 

VTOL (vertical take-off and landing) propulsion technology. The research in this paper 

could show the possibility of a cyclocopter as an alternative of VTOL UAV. 

 

 

Figure 1.2 Six-bladed cycloidal rotor (Bosch Aerospace, 1998) 

 

 

1.1 Cycloidal Blade System 

 

The cycloidal rotor consists of several blades rotating about a horizontal axis. These 

blades vary its pitch angle periodically during the rotation. The cycloidal blade system 

changes the direction and magnitude of thrust by adjusting phase angle and maximum 

pitch angle. The process of changing phase angle and maximum pitch angle is can be 

conducted simply shifting the eccentricity of the control point. Therefore cycloidal blade 

system can provide high maneuverability by instantaneous change of thrust. Another 

advantage of a cycloidal blade system is low noise. Since the cycloidal rotors require 

lower rotation speed compare to conventional helicopter rotors and also the blade tip 



  

speed is much lower than the other one. 

 

Figure 1.3 Cycloidal blade system 

 

Figure 1.3 shows the cycloidal blade system phase angle(ű) of which is zero. The blade 

pitch angle(ɗ) varies to maximum value at +y(90°) and ïy(270°) axis positions. This 

maximum pitch angle position is tilted as phase angle is applied. The thrust direction of a 

rotor is supposed to be vertical upward when the phase angle is zero. However the thrust 

vector is slightly tilted to the rotating direction due to the distribution of induced velocity 

[4].  

 

 

1.2 History of Cyclocopter in SNU 

 

The first two versions of cyclocopter were large which have 1.5m blade span and about 20 

horsepower. The first mini version of cyclocopter is a small one with simple design shown 

on the Figure.1.5. 



  

 

 

 

Figure 1.5 Mini cyclocopter 1st version (2005) 

 

 

Figure 1.6 Mini cyclocopter 2nd version (2006) 

 

Figure 1.4 1st and 2nd version of cyclocopter (2003) 



  

The second version of mini cyclocopter adopted two rotor blade system with one tail rotor 

as shown on the Figure. 1.6. The third version is quadrotor cyclocopter which consists of 

four elliptic blades for each rotor with more complicated design. The fourth version of 

mini cyclocopter is an upgraded model of the previous one. It has two pairs of rotors 

which are powered by 4 brushless motors and it takes swash plate mechanism to control 

maximum pitch and phase angle.  

 

 

Figure 1.7 Mini cyclocopter 3rd version (2007) 

 

 

Figure 1.8 Mini cyclocopter 4th version (2009) 



  

1.3 Recent Developments of Cycloidal Blade System UAV 

 

There are some recent achievements using cycloidal blade system. The D-Dalus is one of 

them. The current model is a prototype using 120bhp engine with 70kg payload. The 

propulsion consists of four disk-type rotors. The thrust is controlled by maximum pitch 

angle while rpm of each rotor are the same. [5]. 

 

 

Figure 1.9 D-Dalus propulsion system 

 

Chopra at the University of Maryland has been working on a micro-scale cyclocopter and 

currently developed model weighs about 0.5kg [6]. The recent version of cyclocopter at 

UMD has two cycloidal rotors with single a conventional rotor for pitching control. The 

thrust is controlled solely by rotational speed of cycloidal rotors. Experimental and 

computational studies have been conducted for hovering and forward flights. 



  

 

Figure 1.10 Hover flight of cyclocopter in UMD [7] 

 

 

1.4 Current Work  

 

The fif th version of mini cyclocopter is mainly referred in this paper which has a few 

improvements from the fourth one. The pitch angle control system is replaced with a new 

mechanical device and the rotor hub is made by semi monocoque method. Also, the four 

brushless motors are replaced by a single motor that is four times stronger. The fifth 

version performs a stable hover flight and forward flight experiments are currently being 

conducted. 

The actual model weighs 12.8kg and additional 1.5kg can be added for any mission 

equipment such as a camera. Therefore total required thrust is determined as 14.3kg, or 

140N. Since the analysis model is half of the actual model, the required thrust is 

determined as 70N in this paper. The following analysis is based on this specification. 



  

 

Figure 1.11 Mini cyclocopter fifth version 

 

Table 1. 1 Mini cyclocopter fifth version design variables 

Rotating speed 1100 rpm 

Radius of rotor 0.27 m 

Distance between rotors 0.7 m 

Span of blade 0.5 m 

Airfoil  NACA 0018 

Weight 12.8 kg 

Total thrust  16.32 kgf 

 

 

 

 

 



  

2. SYSTEM MODELING FOR ANALYSIS  

 

The purpose of this analysis is to understand flow features during forward flight. It would 

be useful to generate a control algorithm for forward maneuver based on the analysis 

results. Also the goal of this analysis is to find stable flight conditions for different vehicle 

velocity conditions by controlling maximum pitch and phase angles. The stable flight 

condition determined in this paper is that horizontal net force and pitching moment of the 

entire model is close to zero. Also vertical net force of both rotors is around 70N assuming 

the cyclocopter maintains a constant speed. The inlet speed as boundary condition is set to 

be identical to the flight speed which is defined by TSR(tip speed ratio). The analysis is 

conducted with a transient method since the rotor blade pitch angle varies periodically 

during each rotation. The sliding mesh method and user defined function of ANSYS 

Fluent is used to realize the varying pitch motion. The finite element model consists of 

two-dimensional and the k-Ů viscous model is used as a turbulence model. 

 

 

2.1 2D Mesh Modeling with  Patran 

 

The pre-processing is required before performing a CFD analysis. The process of creating 

geometry and element is conducted with Patran which provides various and convenient 

methods for creating mesh. The entire domain is divided with three different cell zone as 

shown on the Figure 2.1; outer, hub, and blade. 

 

 



  

 

Figure 2.1 Divided cell zone 

 

There are four circular cell zones for blade domain inside the hub cell zone. The area near 

the blade wall and the trailing edge consists of relatively denser meshes. The hub cell zone 

also has dense mesh near the blade cell zone especially near leading and trailing edge. The 

outer cell zone is the rest of domain and there are coarse meshes since the velocity 

gradient is lower. The number of elements for the blade, hub, outer cell zones are 9,068, 

16,656, and 26,072, respectively. The entire model consists of 131,928 elements. All 

boundary nodes of the cell zones do not correspond to adjacent cell zone. Because each 

cell zone has its own boundary which will be defined as the interface zone for sliding 

mesh method. The sliding mesh method does not require aligned element nodes since the 

interface zones exchange flow data of the adjacent elements by itself. 

 

 



  

    

           (a) Blade Cell Zone    (b) Hub Cell Zone  

 

 

                      (c) Outer cell zone  

 

 

 

Figure 2.2 2D meshes for CFD analysis 



  

 

Figure 2.3 Discordance of Boundary Nodes 

 

 

2.2 Pre-Processing with Gambit 

 

Gambit provides convenient methods for defining zones and creating mesh files for 

ANSYS Fluent. In this step, inlet, outlet boundaries, cell zones and interfaces are defined. 

Adjacent zone interfaces are named similarly to define a coupled interface for sliding 

mesh method. For instance, outside boundary of the hub cell zone and inside boundary of 

the outer cell zone are defined as a coupled interface. 

Blades are positioned in this step. The blade and hub meshes are generated with a 

mirroring method, and therefore, both front and rear rotors share the same position. In the 

experiment, however, the two rotors rotate with 45 degrees different blade position angle 

as shown in Figure 2.4. Operating conditions of phase and pitch angles for the considered 

cases are applied simultaneously. 

The inlet boundary on front rotor side is defined as velocity inlet for the forward flight 

condition. The upper boundary is defined as pressure inlet and rest boundaries are defined 


