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1  Blade Element Theory (BET)
2  Momentum Theory (MT)
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1  AVID OAV

2  Ducted Fan Design Code (DFDC)
3  Vortex-lattice
4  Panel method
5  MATLAB
6  Particle Swarm Optimization (PSO)
7  MultiLayer Perceptron (MLP)

Fig.1. Ducted fan structure 8
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 Fig.2 . Sections 0: free stream, 1:duct inlet, 2:before fan, 3: after fan,
4: duct outlet
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Table 1. Initial design input parameters

 

cruiseALTft (  m) 

cruiseVkph 

 

fanD in (  m) 

hubD in (  m) 

engineP hp (  kW) 

 rpm 

reqT lbf (  N) 
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Table 2. Initial design output parameters
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Table 4. Parameters used in DFDC software

Table 3. Design parameters range
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1  Number of Function Evaluation (NFE)

NACA

NACA

2  Error back-propagation
3  Forward path
4  Backward path
5  Levenberg-Marquardt
6  Camber
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Fig. 4. Optimization informations of airfoil NACA 23018
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Fig. 3. Duct design informatins for airfoil NACA 23018
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NACA

NACA

Table 5. Optimal values of design variables with particle swarm algorithm

Table 6. Optimal values of design variables with direct algorithm.
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Fig. 6. Forward path in the backpropagation algorithm

Fig. 5. Neural network structure

Fig.7. Backward path in the backpropagation algorithm
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Fig. 8. Estimation of airfoil installation angle using neural network with 10 training samples
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Fig. 10. Mean squared error of the training algorithm for the installation angle neural network with 28 training airfoils

Fig. 9. Mean squared error of neural network training algorithm for installation angle with 10 training airfoils
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Table 7. Neural network accuracy

A m2

c PSO

D m

gbest 
K 

mmkg/s

P Watt

p Pa

pbest 
r 
T 
V m/s

Y 
ˆY

3368 3353



3366

1  U.R. Mogili, B.B.V.L. Deepak, Review on application

of drone systems in precision agriculture, Procedia 

computer science, 133 (2018) 502-509.

2  A.S. Saeed, A.B. Younes, S. Islam, J. Dias, L. Seneviratne, 

G. Cai, A review on the platform design, dynamic

modeling and control of hybrid UAVs, in:  International 

Conference on Unmanned Aircraft Systems (ICUAS) 

IEEE, 2015, pp. 806-815.

3  S. Bouabdallah, P. Murrieri, R. Siegwart, Towards

autonomous indoor micro VTOL, Autonomous robots, 

18(2) (2005) 171-183.

4  A.F. Nemnem, M.Y. Zakaria, A.M. Elzahaby, Contra-

rotating ducted fan aerothermodynamic design procedure 

for unmanned applications, AIAA Information Systems-

AIAA Infotech@ Aerospace,  (2018) 0745.

5  L. Cho, S. Lee, J. Cho, Numerical and experimental

analyses of the ducted fan for the small VTOL UAV 

propulsion, Transactions of the Japan Society for 

Aeronautical and Space Sciences, 56(6) (2013) 328-336.

6  M. RYU, L. CHO, J. CHO, Aerodynamic Analysis

of the Ducted Fan for a VTOL UAV in Crosswinds, 

Transactions of the Japan Society for Aeronautical and 

Space Sciences, 59(2) (2016) 47-55.

7  N.E. Nelson, The Ducted Fan in VTOL Aircraft Design,

Journal of the American Helicopter Society, 4(1) (1959).

8  K. , e. al., Design and optimization of low speed 

ducted fan for a new generation of joined wing aircraft, 

in:  Proceedings of the 29th Congress of International 

Council of the Aeronautical Sciences, Sankt Petersburg, 

2014.

9  I. Guerrero, e. al., A powered lift aerodynamic analysis for 

the design of ducted fan uavs, in:  2nd AIAA Unmanned 

Unlimited Conf. and Workshop & Exhibit, 2003.

10  R. WEIR, Aerodynamic design considerations for a

free-flying ducted propeller, in:  15th Atmospheric Flight 

Mechanics Conference, 1988, pp. 4377.

11  M. Shur, M. Strelets, A. Travin, J. Christophe,

K. Kucukcoskun, C. Schram, S. Sack, M. Åbom,

Experimental/numerical study of ducted-fan noise: effect 

of duct Inlet shape, AIAA Journal, 56(3) (2017) 979-996.

12  A. Akturk, C. Camci, Double ducted fan (DDF) as a

novel ducted fan inlet lip separation control device, in:  

International Powered Lift Conference, 2010.

13  J. Qing, Y. Hu, Y. Wang, Z. Liu, X. Fu, W. Liu, Kriging

assisted integrated rotor-duct optimization for ducted fan 

in hover, in:  AIAA Scitech 2019 Forum, 2019, pp. 0007.

14  M.F.D. Piolenc, E.W. George, Ducted fan design, 1 ed.,

MASS Flow, 2001.

15  A. Ko, O. Osgar, P. Gelhausen, Ducted fan UAV

modeling and simulation in preliminary design, in:  

AIAA modeling and simulation technologies conference 

and exhibit, 2007.

16  R. Bontempo, M. Manna, Effects of duct cross section

camber and thickness on the performance of ducted 

propulsion systems for aeronautical applications, 

International Journal of Aerospace Engineering,  (2016).

17  J.M. Pflimlin, P. Binetti, D. Trouchet, P. Soueres, T.

kg/m3

PSO
PSO
rpm

3368 3353



3367

Hamel, Aerodynamic modeling and practical attitude 

stabilization of a ducted fan UAV, in:  European Control 

Conference (ECC) Kos, 2007, pp. 4023-4029.

18  M. Drela, H. Youngren, Axisymmetric analysis and

design of ducted rotors, in:  DFDC Software Manual, 

2005.

19  S. Sheng, C. Sun, A near-hover adaptive attitude control

strategy of a ducted fan micro aerial vehicle with actuator 

dynamics, Applied Sciences, 5 (2015).

20  B.S. Pierson, A.A. Willem, Benchmarking a robust

panel code for ducted fan VTOL aircraft design, in:  

Applied Aerodynamics Conference AIAA, Atlanta, 

Georgia, 2018.

21  J. Kennedy, R. E., Particle Swarm Optimization, in:

Proceedings of the IEEE International Conference on 

Neural Networks, Perth, Australia, 1995.

22  E. Mezura-Montes, C.A.C. Coello, Constraint-handling

in nature-inspired numerical optimization: past, present 

and future, Swarm and Evolutionary Comp, 1(4) (2011) 

173-194.

23  M.E.H. Pe, Good parameters for particle swarm

optimization, in:  Hvass Lab., Copenhagen, Denmark, 

Tech. Rep. HL1001, 2010.

24  R. Hecht-Nielsen, Theory of the backpropagation neural

network, Academic Press, 1992.

25  B. Karlik, A.V. Olgac, Performance analysis of various

activation functions in generalized MLP architectures 

of neural networks, International Journal of Artificial 

Intelligence and Expert Systems, 1(4) (2011) 111-122.

26  A.A. Suratgar, M.B. Tavakoli, A. Hoseinabadi, Modified 

Levenberg-Marquardt method for neural networks 

training, World Acad Sci Eng Technol, 6(1) (2005) 46-

48.

3368 3353






