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Abstract. A fan with cycloidal rotor (CRF) becomes a popular idea in wide 
application such as aviation, HVAC (heat, ventilation and air conditioning)  
or marine propeller systems. This is due to advantages such as direct control 
of the flow direction, larger flow rates than in a conventional machines 
without cycloidal control. In the presented article, velocity fields of CRF 
placed in a rectangular channel was measured, using  Laser Doppler 
Anemomentry (LDA) method and thermoanemometric probe (TA). 

1 Introduction 
Although the cycloidal rotor was invented more than a century ago [1], it is not widely used 
nowadays. Mostly it is used as a propulsion of small unmanned aerial vehicles in aviation, in 
maritime its variant in the form of a cycloidal propeller is used for maneuvering the ship [2-
10]. Thanks to its advantages, such as, the possibility of a quick change of the flow direction 
[9-11], higher flow efficiency than in the case of machines without cycloidal regulation and 
the possibility of using a Gurney flap (for fans) [12]. It can also be used for HVAC. The 
article presents experimental measurements of the speed profiles of a radial fan with a 
cycloidal rotor in a rectangular duct. The aim of the research was also to determine whether 
the measurement of Laser Doppler Anemomentry (LDA) can be considered as a benchmark. 
. For this purpose, it was compared with measurements made with a thermoaneometric probe 
under the same flow conditions. 

2 Subject of investigation 
The object of measurements was a four-blade radial fan with a cycloidal gear. The blades had 
a chord of c = 50mm and the asymmetric CLARK Y was chosen as the profile. The rotor 
diameter was d = 140mm, and the total angle of deflection α0 was controlled by a mechanical 
cycloidal gear.[10,11] 
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Fig. 1. Schematic drawing of a cycloidal rotor (CRF) 
 
Fig . 1 shows analyzed cycloidal rotor in the starting position. Thanks to the use of a cycloidal 
gear, the angle α changes with the rotation of the rotor. The blade from the γ=0 position with 
a positive deflection angle α, passing to the γ=π/2 position, resets this angle to α=0°, so that 
in the opposite position (γ=π) to the initial position, the same angle α is obtained only with a 
negative value. Then, in the γ=1,5π position, the deflection angle α is again  reset to zero (the 
angle should be the same as in γ=π/2) and finally the blade returns to its original position 
with a positive deflection angle. Each blade rotates around a middle point of camber line of 
an airfoil. 

 

 

 

Fig 2. Cycloidal regulation with its geometrical parameters 
 

Fig. 2 shows the cycloidal gear from the analyzed CRF with its characteristic values 
marked. Using ready-made equations, a program was written that allowed to determine the 
control parameters for optimal changes in angles and for plotting the corresponding cycloidal 
functions describing the movement of the blade in a circle. It was based on the following 
equations:[5] 
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(1) 
 

 
 

(2) 
 

 (3) 

 
The first formula (1) determines the length of the segment  a between the axis of regulation 
P (point P is the result of a vertical and horizontal shift of the regulation - this shift is defined 
as the ε angle). The second one (2) determines the length of the tendon L from the point P to 
the point of attachment of the blade (in this case it is its center). The third (3) formula 
determines the relationship between the angle of the blade  θ and its location on the circle ψ. 
The other geometric quantities are: R – rotor diameter, e - distance shifted by the ε angle by 
which the regulation was shifted and d - distance of the strand hook L from the center of the 
blade. Using the above-mentioned program, the predicted real cycloid function, which was a 
sixth degree polynomial function, was plotted and compared with the ideal cycloid function, 
which was a cosine function shifted by the analyzed angle. The rotor blades and its 
adjustments were set in accordance with the determined parameters, and on this basis, the 
actual cycloidal function was obtained, characteristic for this setting. 
 

 

 
Fig 3. Comparison of cycloidal functions (Cycloid 1 – ideal cycloidal function, Cycloid 2 - predicted 
cycloid function, Cycloid 3 – actual cycloid function) 
 
Fig. 3 shows a comparison of 3 cycloids. For all cases, the deflection angle α0 was checked 
depending on the position of the blade on the circle γ. Cycloid 1 is an ideal cyclic function 
describing the change in the angle of the rotor blade from -30 to +30°. Cycloid 2 is a function 
determined using a program written for this purpose, and on the basis of this function, which 
is a polynomial function, the geometric parameters of the cyclorotor for the analyzed range 
of angles were determined. Cycloid 3 is a function determined on the basis of measurements 
of the actual angles of the rotor blades. It can be seen that the predicted Cycloid 2 practically 
coincided with the real Cycloid 3, which means that the machine with the adjustment was 
assembled correctly. Both of the above-mentioned functions slightly differ from the ideal. 

α0,⁰ 
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3 Measurements 
The stand consisted of a rectangular duct with a fan with a cycloidal rotor. The channel was 
made of solid polycarbonate plates, its length was 4m, and the diameter was 250x250mm. 
To prevent unfavorable phenomena at the fan inlet, the CRF was placed in the middle of the 
duct. The cycloidal fan was measured in a closed tunnel using two methods: measuring the 
velocity profiles with TA and LDA. [13-15] The blade pitch angle was set to α=28° and the 
rotor speed was set to 1000rpm. 
 

a) 

 
b) 

 
Fig. 4. Measurement areas of CRF a) plane locations b) location of measurement grid in channel 
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The example above (Fig. 4) shows measurement area with marked measurements points. In 
Figure 4a, horizontal (top, mid, bot) and vertical (-2R, 2R, 4R and 6R) measurement planes 
were showed. The horizontal planes were located to coincide with the rotor diameter. The 
top plane was located at the height + R from the rotor center, the lower plane was located at 
the same height as -R, and the middle plane along the rotor axis. The vertical planes were 
located at a distance R (radius) from the rotor axis, so the inlet plane was 2 times R from the 
axis, and the outlet plane was 2 to 6R. The measuring grid is located in the middle of the 
canal (Fig. 4b). Using the created mesh, a series of measurements were made using LDA and 
TA. The aim of the measurements was to determine the velocity profiles for the analyzed 
planes, to compare the results of both methods and to define the LDA method as the reference 
method.  
 

  

 
a) Velocity profile in the inlet  (-2R) b) Velocity profile in the outlet (2R) 

  

 
c) Velocity profile in the outlet (4R) d) Velocity profile in the outlet (6R) 

Fig. 5. Comparison of the velocity profiles across the channel. Velocity profiles measured a) on inlet 
at 2R b) on outlet at 2R c) on outlet at 4R d) on outlet at 6R 
 
Fig. 5 shows the velocity profiles determined with LDA and TA for different channel cross 
sections with standard deviation bars for each method. It can be seen that for the inlet profile 
Fig. 5a the velocity profile is not vertical. Increased velocity values at the bottom of the plane 
suggest that the rotor draws the stream more from the bottom than from entire width of the 
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channel. In the case of the 2R outlet, (Fig 5b) the velocity profile is already developed and 
its face is practically in the axis of the rotor. During the measurements, the formation of 
significant turbulence in the vicinity of the upper and lower part of the flow was noticed, as 
indicated by negative velocity values. In the case of planes 4R and 6R, (Fig 5c,d)  the velocity 
profiles are very similar to each other. As the flow moves away from the rotor, it is directed 
more and more towards the main tunnel wall, which may cause it to rebound and slow down 
slightly. The formation of vortices in the lower part of the test tunnel was also observed for 
both profiles. Measurement errors were also determined for each velocity profile. It can be 
seen that for all velocity profiles, the measurements overlap satisfactorily, not exceeding the 
specified values of the error bars. Volumetric flow equal 0,12 m3/s was determined with the 
use of LDA for inlet and inlet section. 

 

 
a) Velocity profile in the top plane 

 
b) Velocity profile in the center plane 

 

 
c) Velocity profile in the bottom plane 

Fig. 6. Comparison of the velocity profiles across the channel. Velocity profiles measured a) on top 
plane b) on center plane c) on bottom plane 
 
Fig. 6 shows the velocity profiles determined with LDA and TA for the cross section along 
the duct at different heights. The plane described as "top" is situated at the height of the upper 
edge of the rotor at a distance R from its center and extends from 2R to 6R. The "center" 
distance is measured along the axis of the rotor (shaft) to the same length as the "top" part. 
The "bottom" plane is measured at the distance -R and has the same length as the previous 
ones. In the case of the "top" plane, an increase in speed can be seen depending on the length 
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of the exit section. The farther from the rotor, the flow velocity in the layer increases. In the 
"center" plane, it can be observed a decrease in the velocity value, which is associated with 
a change in the flow direction - the flow begins to go up in the tunnel. In the “bottom”, the 
velocity drops significantly to its negative values, caused by formation of vortices. As in the 
previous case, the compliance of the LDA and TA measurements can be considered 
satisfactory. As can be seen, the LDA measurement can be considered as a benchmark for 
further measurements and numerical calculations. 

4 Conclusions 
The article describes a methods of measurements and  the results of a fan with a cycloidal 
rotor placed in a rectangular duct. The analyzed fan had a 4-blade impeller with a diameter d 
of 140mm, with blades with an asymmetrical CLARK Y profile. Measurements were carried 
out using two methods: one non-intrusive which was Laser Doppler Anemometry (LDA) and 
second intrusive - thermoanemometric probe (TA). The aim of the measurements was to 
determine velocity profiles for various cross-sectional areas and planes and to validate both 
of the measurement methods. For the given measurement regions, velocity profiles were 
determined along with the determination of the measurement error for both measurement 
methods. All the results obtained overlap to a satisfactory degree, which allows to assume 
that the LDA method will be the reference method and used in future measurements due to 
the previously obtained validation, not affecting the measurement and the possibility of 
visualizing the obtained results. 
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