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Abstract. Aerodynamic study of an airfoil with rotary slat conducted in Samara State 

Aerospace University (Russia) is presented. “Rotary slat” is a term for the rotating 

cylinder installed at the nose of the airfoil. Two types of the airfoil were investigated, 

both sharing the same circular nose but with different aft parts: one was wedge-shaped, 

the outline of the other was made of two circular arcs. Both CFD modelling using Star-

CD and ANSYS CFX, and experimental study in a low-speed subsonic wind-tunnel were 

conducted. Experimental study consisted of measurements for pressure distribution at the 

airfoil surface and flow visualization using smoking wire and laser sheet. Variable 

parameter were the angle of attack  α  and relative rotational velocity of the slat 

U U V
∞

= , where U  – linear velocity of the cylinder surface; V∞  – flow velocity. Angle 

of attack α  varied from  0 to 10 degrees, and relative rotational velocity U  - from 0 to 5. 

Different flow velocities were considered - 7 m/s and 31.5 m/s for the experiment and 10 

m/s for CFD modelling. CFD models used in Star-CD simulation were 3D, and featured  

a stationary diaphragm bisecting the rotating cylinder in the spanwise direction (in the 

experiments it was used for pressure orifice location). RNG k-ε turbulence model was 

used together with non-equilibrium wall function accounting for streamwise pressure 

gradient. CFD models used in ANSYS CFX were 2D. Two different turbulence 

modelswere compared: standart k-ε and k-ω SST. CFD simulations and experiments 

resulted in the estimation of key aerodynamic properties (lift and drag coefficients, lift-to-

drag ratio) as functions of kinematic parameters α  and U . It was found that rotary slat 

can increase lift-to-drag ratio comparing to 0U =  case. Flow visualization have shown 

that it can prevent airfoil stall for the angle of attack up to  90α ≈  degrees. 

Keywords. Airfoil, rotary slat, experiment, Star-CD, ANSYS CFX, lift coefficient, drag 

coefficient, lift-to-drag ratio, pressure distribution, visualization. 



1 Introduction 

 The idea to use rotating cylinders in order to increase kinetic energy of the boundary layerwas 

proposed by Prandtl. In 1906 he studied the case of isolated rotating cylinder [1]. He also proposed to 

use rotating cylinder located at the nose of the airfoil in order to suppress stall (Fig. 1) [1]. 

 
Figure 1: Airfoil with the rotating cylinder at the nose, proposed by Prandtl [1] 

 

 Measurements made by Wolf in Netherlands have shown that the wing with an integrated rotor 

can provide maximum lift coefficient CL max = 2.43 at the angle of attack α = 41.7º [1]. In [1] one can 

also find flow maps for isolated cylinders rotating at different relative velocities. In early 1920s Yuriev 

in Russia [2] proposed the design of the wing with a moving surface, in order to increase aerodynamic 

performance. In 1938 this concept was tested by A. Favre [3]. Favre’s model had three rotors 

supporting a wide moving band at the upper side of the airfoil. The airfoil relative thickness was about 

23% and aspect ratio of the model wing was about 2.96. The experiments have shown that stall 

performance is sensitive to relative velocity of the moving band U u V
∞

= , where u  – velocity of the 

band; V
∞

 – airspeed. Favre was able to achieve maximum lift coefficient CL max =  3.5 at 2 64U ,=  and 

55α = ° , while for original airfoil without moving surface CL max < 0.75. 

 Different reviews concerning boundary layer control with by means of moving surfaces can be 

found in [4-6]. Studies of boundary layer control for the combinations of rotating cylinder and flap for 

STOL aircraft were presented in [7]. Efficiency of separation control with a rotating cylinder in the 

nose part of the airfoil was investigated in [8, 9]. A big contribution to the study of boundary layer 

control by means of rotating cylinders was made by the team of researches leaded by V.J. Modi [10-

19]. One of the latest works dedicated to this problem was [20], which presents the results for [ ]0; 4U  

and [ ]0; 40α . 

 Though there were a lot of studies concerning the problem of boundary layer control by rotating 

cylinders, the details of this topic are still not clear enough. 

 This paper presents the results of aerodynamic studies of an airfoil with rotary slat made in Samara 

State Aerospace University (Russia). These studies included both CFD simulations with CD-Adapco 

Star-CD and ANSYS CFX codes and experiments in low-speed subsonic wind-tunnel. 

2 Object of the study and CFD model 

 The object of the present study was a rotating cylinder with a wedge-shaped streamer behind it. 

This shape resulted in the airfoil with a leading edge formed by circular arc about 200º span and 

straight upper and lower surfaces. The similarity between experimental (“physical”) and CFD 

(“virtual”) models was maintained as close as possible. General view of the model is shown at Fig.2. 



 

Figure 2: Model of the airfoil with rotary slat 

Diameter of the cylinder was 50 mm. Model chord b  was 225 mm, span 203 mm. Aerodynamic 

plates were installed at the tips to compensate for low aspect. Rotating cylinder was split into two parts 

in the spanwise direction, with stationary 3.3 mm wide diaphragm between them. This diaphragm was 

necessary in order to locate pressure orifices. Radial gap between the cylinder surface and the streamer 

was 0.5 mm, axial gap between the cylinder parts and the diaphragm was also 0.5 mm. Uniform 

airflow velocity V∞=10 m/s and 20 m/s was specified at inlet. Angular velocities of the rotating 

cylinder and corresponding relative velocities of its surface are given in Table 1. 

 
Table 1 – Angular velocities of the rotating cylinder and corresponding relative velocities of its surface 

Ω, RPM 0 3750 7500 11250 15000 19100 

U  
0 1 2 3 4 5 

 

 

 

 

 

 

Figure 3: Computational mesh for CFD simulations 

 



All simulations were fully turbulent, with k-ε turbulence model with non-equilibrium wall 

function, accounting for pressure gradient. Values of forces were used for convergence monitoring. 

 

3 Results of CFD analysis with CD-Adapco Star-CD 

 Fig.4 and Fig.5 present the plots of lift and drag coefficient vs. relative velocity for 0α = ° . Fig. 6 

presents the details of flow field near the rotating cylinder at maximum relative velocity. Zero values 

of velocity identify two recirculation regions – one in front-bottom of the cylinder and the other (big 

one) at the lower surface of the streamer. 

  
Figure 4: Lift coefficient vs. relative velocity Figure 5: Drag coefficient vs. relative velocity 

 

 
Figure 6: Velocity magnitude, U 5=  

4 Results of CFD analysis with ANSYS CFX 

While simulations with STAR-CD were made for full 3D model, simulations with ANSYS 

CFX were made for 2D.  

Boundary conditions were the same as for STAR-CD simulations. Angle of attack α varied 

between 0
0
 and 10

0
. The influence of the radial gap between the rotating cylinder surface and the 

streamer was studied. Velocity magnitude plots are shown at Fig. 7. Lift and drag coefficients are 

shown at Fig.8.  

 



 

Figure 7: Velocity magnitude plots for α=10
0
: upper row – no radial gap between the cylinder and the streamer; 

lower row – radial gap equal to 0.5 mm 

 

 
Figure 8: Drag (CXa), lift (CYa) coefficients and lift-to-drag ratio (K) for different radial gaps (circles for 0, 

triangles for 0.25 mm, squares for 0,5 mm) at α=0º and different turbulence models: k-ω SST (solid lines) and k-ε 

(dotted lines) 

 

5 Comparison between CFD and experimental results 

 Fig.9 shows comparison between pressure distributions obtained in the experiment and calculated 

with ANSYS CFX. It can be seen that the results are in good agreement, so the results of the CFD 

simulations for the airfoil with rotary slat are correct. 
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Figure 9: Comparison between CFD and experimental results, V=10 m/s. Orange line with triangles – 

experiment, red line – CFD with k-ω SST turbulence model; blue line –  CFD with k ε− turbulence model (left 

column – lower surface, right column – upper surface; upper 6 charts – 0α = ° , lower 6 charts – 10α = ° ; 

within the groups of 6 charts for one α: first row – U=0, second row – U=1, third row – U=2) 



6 Flow visualization for airfoil with rotary slat 

 Experimental studies included not only measurements of pressure distribution, but also flow 

visualization. Visualization was made by smoking wire at low airspeed, about 1 m/s. Fig.10 and Fig.11 

present the examples of visualized “streamlines”. 

  

Figure 10: Cylinder is not rotating, 25α = °  Figure 11: Cylinder rotating at 5U = , 25α = °  

 

 Comparing Fig.10 and Fig.11 one can see that rotating cylinder greatly reduces separation and stall 

on the upper surface. 

7 Conclusion 

 The study has shown the possibility of CFD simulations for airfoil with rotary slat with state-of-

the-art commercial CFD codes. CFD and experimental results for pressure distribution are in good 

agreement. It was found that increase of rotating speed can prevent separation and stall. The proposed 

mechanism for boundary layer control has low sensitivity to Reynolds number of the flow – twofold 

increase of the airspeed didn’t yield significant changes in the aerodynamic performance of the airfoil 

with rotary slat. On the other hand it was sensitive to the size of the radial gap between the rotating 

cylinder and the other part of the airfoil. 
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