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Project consortium 

• Politecnico di Torino (Italy) - Coodinator of project 

 Contact person:   Prof. Erasmo Carrera – Project leader   (erasmo.carrera@polito.it) 

 

• Universite Paris Ouest Nanterre – La Defense, Institute of Engineering Sciences (France) 
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Project objectives 
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• Design and computationally investigate novel concept of VTOL aircraft 
Anuloid, compare it with known VTOL aircraft concepts, in relation to 
transport missions in urban areas 

 

• Design and manufacture scale model(s) of Anuloid 
 

• Experimentally investigate scale model(s) of Anuloid 

Computational investigation is based on multidisciplinary approach, including 
computational fluid dynamics, flight mechanics, structural analysis and 
aeroelastic analysis.  
 
Experimental investigation consists of static and dynamic tests performed on 
earth and in aerodynamic tunnel. 

More details about project: http://www.mul2.polito.it/anuloid/ 



Anuloid concept 
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Created by Zdenek Janda, MSc.  (FESA s.r.o.),  Czech patent CZ 303326  (2009, "Aircraft propeled by ducted fan„) 



System of control vanes and ribs 
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Design and analysis methodology 
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Parametrization of Anuloid 



Design and analysis methodology 
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Design Of (computer) Experiments + Response Surface Methods 

Developed during 50's and be in common usage worldwide.   

Into aerospace introduced in 90's by NASA, Boeing, Lockheed-Martin, etc.  



CFD analysis of vertical flight 
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• 56 analysis cases 

     (= Double of definition coefficients for response surface function of 2nd order) 

 

• 6 input parameters (a.k.a. factors) 

 (Rotor diameter, Lenght of radial control vanes, Angle of radial control vanes, Number of 
radial control vanes, Volume flow through rotor, Aircraft vertical velocity) 

 

• 5 outputs 

   (Axial moment, Pressure (body) lift, Rotor lift, Total lift, Required power) 

 

• Rotor was substituted by annular surface with prescribed volume flow 

 

• CFD software: Fluent 14.5 with Reynold stress turbulence model (RSM) 

 

 



CFD analysis of vertical flight 
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Example of output response surface function:  Total lift (N) 



CFD analysis of vertical flight 
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Example of analysis results: 
Analysis case:    33 
Rotor diameter:    1,1 m 
Lenght of radial control vane:   0,3 m 
Angle of radial control vanes:   10 deg. 
Number of radial control vanes:   16 
Volume flow through rotor:   100 m3/s 
Aircraft vertical velocity:   0 m/s 

Streamlines outgoing from rotor 
coloured by velocity magnitude 



CFD analysis of vertical flight 
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Example of output response surface function:   
Dependency of Total lift on Diameter of rotor and Volume flow through rotor  



CFD analysis of horizontal flight 
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• 30 analysis cases 

     (= Double of definition coefficients for response surface function of 2nd order) 

 

• 4 input parameters (a.k.a. factors) 

 (Position of circumferential control vanes, Horizontal velocity, Volume flow through rotor, 
Angle of attack) 

 

• 5 outputs 

   (Tilting moment, Pressure (body) lift, Rotor lift, Total lift, Required power) 

 

• Rotor‘s diameter was fixed on 1,2 m, based on results of vertical flight analysis 

 

•  Rotor was substituted by annular surface with prescribed volume flow 

 

• CFD software: EDGE (FOI‘s in-house) with Reynold stress turbulence model (RSM) 

 

 

 



CFD analysis of horizontal flight 
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combination control vanes velocity mass flow AoA 

1 asymm -30 100 -10 

2 symm 30 100 10 

3 symm 30 100 -10 

4 asymm -30 80 -10 

5 symm -30 80 0 

6 symm -30 80 10 

7 asymm 30 100 -10 

8 asymm 1 90 -10 

9 symm -30 100 -10 

10 symm -30 100 10 

11 asymm 30 80 -10 

12 1/2 asymm -30 80 -10 

13 asymm 30 80 0 

14 asymm 30 100 10 

15 symm 30 80 10 

16 asymm -30 80 10 

17 symm 1 80 -10 

18 symm 1 100 0 

19 asymm -30 90 10 

20 asymm -30 100 0 

21 symm 30 90 10 

22 symm 30 80 -10 

23 1/2 asymm 1 90 0 

24 1/2 asymm 30 100 -10 

25 asymm 1 100 10 

26 1/2 asymm 1 80 10 

27 asymm 30 80 10 

28 symm -30 90 -10 

29 1/2 asymm -30 100 10 

30 1/2 asymm 30 90 0 

Computed combinations of 
input parameters (factors) 



CFD analysis of horizontal flight 
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Example of analysis results: 
Combination: 12 
Control vanes: 1/2 symmetric deflection 
Freestream velocity: -30 m/s 
Mass flow: 80 m3/s 
Angle of attack: -10 deg 

Mach contours and streamlines 



Conclusions of CFD analysis 
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• CFD computations provided response surface functions (i.e. value 
functions) of aerodynamic forces, moments and of required power with 
respect to relevant input parameters 

 

• Coanda effect is stable at all studied combinations of input parameters 

 

• Control vanes are able to create axial and tilting control moments 



Flyability analysis 
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Combination of static performance together with a static and dynamic stability analysis 



Flyability analysis 
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Flyability analysis 
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Conclusions of flyability analysis 
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- The Anuloid can provide sufficient lift and thrust to take off, fly 
horizontally, and land using the considered Honeywell T3517 engine.  

 
- The Anuloid is statically unstable during the horizontal flight and the 

effect of the pitch control vanes on the pitching moment reverses at 
an angle of attack of 10 degrees.  

 
- The Anuloid has desirable (linear) dynamic responses during vertical 

flight. Many stable trim points can be found in this flight region, with 
the only instabilities occurring during the fast ascending flight.  

 
- The Anuloid is dynamically unstable during the horizontal flight, with a 

time to double the amplitude of 2 seconds. While not dramatically 
unstable, the Anuloid is projected to have inadequate handling 
qualities during forward flight, so the system for control augmentation 
or autopilot is recommended. 

 



Structural static analysis 
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Failure index (FI) distribution around landing legs 



Structural modal analysis 
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Conclusion of structural analysis 
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- The structural analysis has shown that no particular issues should arise from the design 
 
- The suitable incorporation of radial ribs into Anuloid suppress global modal modes 



Conclusions from first year of the project 
  

• The CFD analyses have highlighted the efficiency of the control vanes and the stability of the Coanda effect 

 

• The flyability analysis has shown that the vertical flight of the Anuloid has satisfactory flying qualities and that there is a 
sufficient lift production with considered engine.  

 

• The dynamic stability analysis has shown that the Anuloid is dynamically unstable during horizontal flight. While not 
dramatically unstable, the Anuloid can have inadequate handling qualities during the forward flight.  

 

• Due to the observed instability, the Anuloid can require an automatic flight control system that is capable of stabilizing the 
aircraft, in particular during horizontal flight.  

 

• The structural analysis has shown that no particular structural issues should arise from the structural design.  

 

 Ongoing project work deals with the experimental analysis of the Coanda effect and of the anti-torque mechanism, with the 
development of an automatic flight control system and a with detailed CFD analysis of the internal and external flows and of 
the transition phases (between vertical flight and horizontal flight). 
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