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ABSTRACT

The cyclocopter is an aircraft that is capableveftical takeoff 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 Matal 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 thirust 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. Thergfbege is flow interference between

the rotor during the hovering or the forwarifit. It is necessary to understand the flow
structure between those rotors to establish a caalyotithm which includes determining
proper maximum pitch angle and phase angle for each flight situation. In this paper, CFD
analysis is used for parametstudy 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 modeld cyclocopter. Note here that only two rotors are needed for the two
dimensional CFD studsincethe other twoaetors are aligned repetitively.

Commercial softwares, ASYSFluent and AISYS CFD-Post, were used for flow solving

and post processing. To changiéch 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 slidingmesh method. Each blade and each rotor are meshed with circular rotating zone



that has a slidingiterface with larger surrounding mesh system.

Result from the two rotor system is differéram 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, reaotor 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 directibnorder to overcome the
imbalanced force afotors,the flight posture should be tilted to forward to release the rear
rotor from the downwash effecIn addition to this, he different pitch and phase
conditiors must be applied on those two rotors to maingestable flight.

The major purpose ofurrent analysiss to study the flows of the twmotor cycloidal
system and to obtain thtgynamic characteristicsf the rotors on various conditions in
which velocity, pitch angle, phase angle, and posture are diffétente, it is important

to undertand flow structures to predict flight stability and to build up coraigbrithm.

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

phasealegrees for given velocity and posture conditions.

Keywords : Cycloidalblade systencycloidal pitch motioncyclocopter forward flight

CFD analysis

Student number: 2011-20696
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1. INTRODUCTION

The cycloidal blade system has vasoadvantages for using on UAV. There were
numerous studies about it, yet there is no remarkable result almboital blade system
UAV until these daysThe UAV with cycloidal blade system was introduced by Kirsten at
the University of Washington ih92® sl]. However Kirsten® works couldhot come to
fruition due to the funding matter&round the same time, Wheatley at the NACA Langley
Research Center developed cyclogiro rotating wing [2]. He also dbuldach the
successful result due to the diffeces of theory and experimektore recently, McNabb
developed @omputer model for cycloidal propeller acdmpared thrust and power on the
rotor from expamental results constructed Bpsch Aerospace [3] his work also could

notdeliver complete rediu

However there are femoticeableresults in these days including Maryland University and

D-Dalus in Austria. Both groups have deveddpractical model working on @ble hover



flight. The cycloidal blade systemeceivesattention agairin these daysas an effective
VTOL (vertical takeoff and landing) propulsion technologyhe research in this paper

could show thgoossibility of a cyclocopter as amternativeof VTOL UAV.

Figure 12 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 periodigaltiuring the rotation. The cycloidal blade system
changes thalirection 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 eccenttycof the control point. Therefore cycloidal blade
system can provide higmaneuverabilityby instantaneous change of thrust. Another
advantage of a cycloidal blade system is low noise. Since the cycloidal rotors require

lower rotation speed compare tornventional helicopter rotors and also the blade tip



speed is much lower than the other one.

W
0 /\ \
S \ Rotating direction

\ Thrust direction
———
/

Figure 13 Cycloidal blade system

Figure 1.3 shows the cycloidal bThallagle sy st
pitch ) manep ltoenfaximum value at +y(90°) arig(270°) axis positios. This

maximum pitch angle position is tilted as phase angle is applied. The thrust direction of a
rotor issupposed tte vertical upward when the phase angle is zero. However the thrust

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

[4].

1.2 History of Cyclocopter in SNU

The firsttwo versiors of cyclocopter were large which v&l.5m bla@ span and about 20
horsepowerThe first mini versbn of cyclocopter i small onavith simple desigrshown

ontheFigure.1.5



Figure 16 Mini cyclocopter 2nd versio(2006)



The second versioof 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 desidre fourth version of

mini cyclocopter is an upgraded model of the previous. dnbas 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 18 Mini cyclocopter 4th versio(2009)



1.3Recent Developments of Cycloidal Blade System UAV

There are some recent achievements using cycloidal blade system-Odla<Ds one of
them. The currentnodel is a prototype using 120bhp engine with 70kg payl®ad.
propulsion consists of four didigpe rotors. The thrust isontrolledby maximum pitch

anglewhile rpm of each rotor are the sarfts.

Figure 19 D-Dalus proplsion system

Chopra at the University of Maryland has beearking on a micrescalecyclocopter and
currently deeloped model weighs about 0.5[&). The recent version of cyclocopter at
UMD has two cycloidal rotors with single a conventional rotor ficching control. The
thrust is controlled solely by rotational speed of cycloidal rotdegperimental and

computationaktudies have beeronducted for hovering and forward flights.



Figure 110 Hoverflight of cyclocopter inUMD [7]

1.4 Current Work

The fifth version of mini cyclocopteis mainly referredin this paper whicthasa few
improvements from the fourth on€he pitchangle controkystem is replaced witanew
mechanical device and the rotor hub is made by semibooque methodlso, the four
brushless motors are replacbd a single motor that is four times strong€he fifth
version performs a stable hover flight diedward flight experiments are currently being
conducted.

The actual modeiveighs 12.8kg and alditional 1.5kg can be added for any mission
equipment such as a camefaerefore total required thrust is determined as 14.3kg, or
140N. Since the analysis moded half of the actual modelthe required thrust is

determined as 70N in this pap€&hefollowing analysis is based on this specification



Figure 111 Mini cyclocopter fifth version

Table 1.1 Mini cyclocopter fifth version design variables

Rotating speed 1100 rpm
Radius of rotor 0.27m
Distance between rotors 0.7m
Span of blade 0.5m
Airfoll NACA 0018
Weight 12.8 kg
Total thrust 16.32 kgf




2. SYSTEM MODELING FOR ANALYSIS

The purpose of this analysis is to understand fieaturesduring forwad flight. It would
be useful ® generate a control algorithm for forward maneuver based on the analysis
results.Also the goal of this analysis te find stable flight conditions for different vehicle
velocity conditions by controlling maximum pitch and phase andibs. stable flight
condition deermined in this paper is thabrizontal net force and pitching momenttioé
entire model is cleeto zero. Also vertical net force of both ratds around 70N assuming
the cyclocopter maintains a constant speHtk inlet speed as boundarynddion is set to
be identical to the flight speaghich is defined byTSR(tip speed ratih The analysis is
conducted witha transient method since the rotor blade pitch engiries periodically
during eachrotation. The sliding mesh method and user rdefi functionof ANSYS
Fluentis usedto realize the varyingitch motion.The finite element model consssbf

two-dimensional and the-Kviscous model is useas aturbulence model.

2.12D Mesh Modelingwith Patran

The preprocessing is required beéperforming aCFD analysis. The pcess of creating
geometry ancelement is conducted with Patran which provigagous and convenient
methodsfor creating mesh. The entir@whain is divided with thredifferent cell zoneas

shown on the Figure 2.bute, hub, and blade.



outer

Figure 21 Divided cell zone

There are four circular cell zos#or blade domain inside the hub cell zofmbe area near
the bladewall and the trailing edge conssif relatively denser meshebhe hulcell zone
also has dense mesh near the blade cell zone espaeaitlgading and trailing edge. The
outer cell zone is the rest of domaand there are coarse mestsisce the velocity
gradient is lowerThe number of elements for the blade, hub, outdrzones are 968,
16,656, and26,072, respectively.The entire model consists of 1928 elementsAll
boundary nodes of the cell zongs not correspond to adjacent cell zoBecause each
cell zone has its own boundary whielhll be defined as the ietface zone for sliding
mesh method. The sliding mesh method doeseautire aligned element nodes since the

interface zones exchange flow data of the adjacent elements by itself.
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Figure 22 2D meslesfor CFD analysi



Figure 23 Discordance of Boundary Nodes

2.2 Pre-Processing with Gambit

Gambit provides convenient methods for defining soard creating mesh fiefor
ANSYS Fluent.In this step, inletputlet boundaries, cell zones and interfaces are defined.
Adjacent zone interfaseare named similarly to defina coupled interfae for sliding
mesh method. For instance, outside boundath@hub cell zone and inside boundary of
theouter cell zone ardefined as 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 pivsitien.
experiment, however, the two rotors rotate wikhdegrees differerttlade positiorangle

as shown in Figure 2.©perating conditions of phase and pitch angles for the considered
cases are applied simultaneously.

The inlet boundary on front rotor side is defined as velocity inlethferforward flight

condition The upper boundary is defined as pressure inlet and rest bouratedesined



