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Abstract: This article presents a review on morphed twisted wing model for UAV.  Twisted wing has a large potential 

to improve the overall UAV performances. This review discusses the most prominent examples of twisted wing concepts 

with applications to three-dimensional wing models. Twitted wings indicate the ability to transform shape or structure. 

The entire wing twisted and acting as an aileron and flap on the plane, creating lift and roll. The main focus is to discuss 

the advantage of twisted wing model. 
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I. INTRODUCTION 

 

The Twisted wing technology approach is a new design for the UAV. Most of the UAV don’t use the wing for roll and 

lift. Here the entire wing act as the flaps for UAV. The wing twisted and produce lift and roll instead of convectional 

wing flaps. Recent developments in SMART materials can overcome these limitations and enhance the benefits of 

analogy design solutions. [15] presented an inventory of intelligent structures and integrated system. Designing a 

transformative aircraft using smart materials is a multidisciplinary problem. The challenge is to design a structure that 

can not only withstand the specified load, but can also change shape to withstand a variety of load conditions. To reduce 

complexity and thus increase reliability, the drive system, consisting of the active materials, must be embedded in the 

structure. Ideally, the structure and the powertrain should not be distinguished, so that the system used for charge 

production and transport is also capable of changing shape. Besides the advantages of complexity, reliability and 

manufacturing cost, such a concept could also prove to be lighter.  

The maximum Shape modification technology was developed for Military applications where more versatile vehicles are 

used Compensates for the added complexity and weight. Also, in recent years, the focus has become smaller aircraft 

(mainly unmanned aerial vehicles or UAVs) [12]. The tendency towards UAVs is due to higher efficiency Depends on 

requirements and quick delivery. When the aerodynamic load of the UAV is low also increases the number of potential 

morphing techniques. Except for variable-sweep and swing-wing concepts, most previous twisted wing concepts were 

applied to lightly loaded, relatively low-speed airplane designs [3]. The current review is to differentiate the convection 

type of wing and morphed wing to obtain the better lift and drag at lower angle. 

 

II. AERODYNAMICS OF WING THEORY 

 

Aerodynamics deals with the movement of air and the forces acting on objects that move in the air or remain stationary 

in the flow of air. The same principles of aerodynamics apply to both rotor and fixed-wing aircraft. The four forces that 

constantly act on an aircraft are weight, lift, thrust, and drag [4]. 

Weight is the force exerted on an UAV by gravity. The centre of gravity is the point at which the plane is hovering and 

balancing. the magnitude of this force changes only when the weight of the aircraft changes. Lift is generated by the air 

flowing over the wings of an airplane or the rotor blades of a helicopter. Lift is the force that overcomes the weight of an 

aircraft and lifts it into the air. Thrust is the force that moves an airplane through the air [11]. In a traditional fixed-wing 

aircraft, the thrust provided by the propeller propels the aircraft forward, and the wings provide lift. In helicopters, both 

thrust and lift are provided by the main rotor blades. Drag is the resistance of air as the aircraft passes through. Thrust 

moves the plane and keeps moving against air resistance. All devices designed to generate lift or thrust when guided in 

the air are airfoils. Airplane wings, propeller blades, helicopter main rotor blades and tail rotor blades are all airfoils[11-

14]. 
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III.   THE MORPHED WING STRUCTURE DESIGN 

 

In demonstrated morphed wing design concept, most of them are use the trailing edge as twisting area. The wing model 

has been selected based on the variable condition inlet velocity, Reynolds number, span and area contains. Morphed 

wings allow the inner wings to slide to change the wingspan from the outer wing [20]. For this study, the half-span of the 

inner and outer wings was 1 m, the inner wing can be further extended up to 0.75 m. The structural solutions adopted to 

achieve variable span functionality include leading and trailing edge composite carbon fibre reinforcements and evenly 

spaced composite carbon fibre reinforcements along the span to replace convectional ribs. It consists of a hollow outer 

wing that supports the load [7]. In the light of the review of existing literature, they use NACA 0012, NACA0015, S9000, 

etc. The main goal of this task is to design a UAV with twisted morphing wings and camber morphing horizontal and 

vertical rear stabilizers. An UAV that can complete flight missions without the use of separate control surface such as 

ailerons, elevators and rudder. For simplicity, a rectangular planar shape was chosen for the wing and tail stabilizers. Due 

to the very low expected flight altitude of UAVs, standard sea level conditions (SSL)  (air density ρ = 1.225 kg / m3, 

barometric pressure P = 101.3 kPa,  temperature 15 ° C) were also adopted at the time of design. UAV weights are one 

of the most important parameters that affect the design. After the main concepts for morphing wings and tail stabilizers 

were enveloped, spreadsheets were created and continually updated to include structural components, engines, 

electronics, and all other components that will be installed in the UAV. The total weight of the UAV was calculated based 

on the weight of the UAV and controls etc [19]. 

 

IV.  ANALYSIS OF MORPHED WING 

 

Several discrete models have been constructed to simulate the wing in different span configurations to computationally 

represent the morphed wing and assume quasi-static behaviour. These configurations represent the behaviour of the wing 

under static conditions. The model shows the FEM and CFD meshes first used to morph the dimensions of the wing 

structure, then used for aerodynamic performance evaluation, and used for coupled field analysis using Ansys CFX 

software. Combined field analysis, or multi-field analysis, is a combination of analyses in different engineering disciplines 

where the inputs of one field interact to solve global engineering problems that depend on the results of another field. In 

fluid structure analysis, fluid pressure deforms the structure, which changes the fluid solution, which requires interaction 

between the two physical fields to achieve a convergent solution [15]. 

The CFX solver discretizes the Navier-Stokes equations on the mesh elements and produces a set of nonlinear equations 

for each variable of each mesh node. These equations are solved by the coupled solver. The solution process is iterative, 

and each iteration (stationary problem) is treated as a pseudo-time step. It stops when either: 

A pre-determined convergence criterion is met 

OR the maximum number of timesteps is reached 

OR the user stops the run, using either the CFX-Solver Man-ager or the cfx5stop command. 

The first two criteria for these conditions can be user-defined in CFXPre. Steady-state simulations are performed as a 

series of pseudo-time steps. The time step size is determined by the time step setting in the  CFXPre solver control form. 

See Solver Control for more information [22].  

 

Table 1. CFX solver input file option. 
  

Input File Definition File Definition File Results File 

Initial Values File  - Results File - 

Circumstance New Run — all 

information is 

available in Definition 

File 

Restarting analysis 

from previous results 

Continuing analysis 

for a further number 

of iterations 

Consequence New Results File 

contains info from 

iteration 1 

New Results File 

contains info from 

iteration (n +1) 

New Results File 

contains info from 

iteration (n +1) 

 

V. RESULT AND DISCUSSION  

 

The CFD post process result shows the CL and CD values for morphed wing. The same procedure has been carried out 

for the convectional rectangular wing and the CL and CD values for normal wing are derived.  The variation of L/D 

ratio with angle of attack for straight wing and morphed wing. it is observed that the L/D ratio is much better for 

morphed wing. Using the literature below data are derived [3]. 
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Table 2. Coefficient of lift and drag along the angle of attack 

 

S.no Angle of attack CD for normal wing CL for morphed wing 

1 0 0.2336 0.2336 

2 1 0.2346 0.2652 

3 2 0.2649 0.2968 

4 3 0.2862 0.3248 

5 4 0.3075 0.3958 

6 5 0.3287 0.3911 

7 6 0.3499 0.4224 

 

 
Fig. 1 Coefficient of lift and drag along the angle of attack 

 

VI.  CONCLUSION 

 

Thus, the aerodynamic performance of a morphed wing having large lifting area compared for various parameter like lift, 

drag, induced drag and lift to drag ratio for different angle of attack with the same of normal wing using computational 

fluid dynamics. With these results we found that the L/D ratio for morphed wing is greater than straight wing at all angles 

of attack. However, from this study it is very well understood that the morphed wing possesses better aerodynamic 

performance than the conventional straight wing. The study clearly shows that the morphed Wing structure applicable to 

a lightweight UAV. 

 

REFERENCES 
 

[1]. M.Perera and SGuo, Optimal design of an aeroelastic wing structure with seamless control surfaces, The manuscript 

was received on 16 December 2008 and was accepted after revision for publication on 9 July 2009, SAGE, DOI: 

10.1243/09544100JAERO493. 

[2]. M. perera, Y.he and S. GUO, Structural and Dynamic Analysis of a Seamless Aeroelastic Wing, 2010-2878, AIAA. 

[3]. N. Vivek Masthiraj and S.peryasamy, An Investigation on Aeroelasticity Effects in Unmanned Aerial Vehicles, 

volume 4 issue 9- September -2018, IJSART. 

[4]. S. Ragul, S. Periyasamy “Numerical Investigation on High Performance Supercritical Airfoil using Co-Flow Jet 

Control” International Journal for Research in Applied Science & Engineering Technology (IJRASET), Volume 6 

Issue 12, Dec 2018.pp-915-927. 

[5]. Mohankumar.N, Dr. S. Periyasamy,“Flutter Analysis of Unmanned Aerial Vehicle Wing” International Journal for 

Science and Advanced Research in Technology (IJSART) , Vol. 4(01) 2018, pp 1015-1018. 

[6]. A.Aravind Kumar, Dr.S.Periyasamy, “2-D CFD Analysis of Ring Airfoil UAV” International Journal of Science 

Technology and Engineering, Vol.3, Issue 07, 2017, pp-192-195. 

[7]. AIAA-2001-1372 Describe about Static Aeroelastic Response Predictions of the Active Aeroelastic Wing (AAW), 

doi/abs/10.2514/6.2021-0730 

[8]. P.Panagiotou, P.Kaparos, C.Salpingidou and K.Yakinthos, Aerodynamic design of a MALE UAV, 2016- 

DOI:10.1016/j.ast.2015.12.033, Aerospace Science and Technology. 

https://iarjset.com/


IARJSET 

International Advanced Research Journal in Science, Engineering and Technology 

Impact Factor 7.105Vol. 9, Issue 2, February 2022 

DOI:  10.17148/IARJSET.2022.9229 

© IARJSET                  This work is licensed under a Creative Commons Attribution 4.0 International License                  221 

ISSN (O) 2393-8021, ISSN (P) 2394-1588 

[9]. C.Suresh, K.Ramesh, V.Paramaguru, Aerodynamic performance analysis of a non-planarC-wing using 

CFD,2015,https://doi.org/10.1016/j.ast.2014.10.014, Aerospace Science and Technology. 

[10]. NASA/TM-210741-2003, The Active Aeroelastic Wing Phase I, 2003, NASA. 

[11]. P.Panagiotou,K.Yakintho, Aerodynamic efficiency and performance enhancement of fixed-wing UAVs, 2019- 

https://doi.org/10.1016/j.ast.2019.105575, Aerospace Science and Technology. 

[12]. Zi KAN, Daochun LI, Tong SHEN, Jinwu XIANG, Lu ZHANG, Aerodynamic characteristics of morphing wing 

with flexible leading-edge, 2019-DOI:10.1016/j.cja.2020.03.012, Chinese Journal of Aeronautics. 

[13]. Vasista S, Tong L, Wong KC, Realization of morphing wings, a multidisciplinary challenge, 2012,49(1),11–28, J 

Aircraft. 

[14]. Lyu Z, Martins J, Aerodynamic shape optimization of an adaptive morphing trailing-edge wing, 2015;52(6):1951–

70, J Aircraft. 

[15]. P. Panagiotou, K. Yakinthos, Parametric aerodynamic study of Blended-Wing-Body platforms at low subsonic 

speeds for UAV applications, in: 35th AIAA Applied Aerodynamics Conference, American Institute of Aeronautics 

and As-tronautics, Denver, Colorado, 2017. 

[16]. J. Urnes, N. Nguyen, A mission adaptive variable camber flap control system to optimize high lift and cruise lift to 

drag ratios of future n+3 transport aircraft, in: 51st AIAA Aerospace Sciences Meeting including the New Horizons 

Forum and Aerospace Exposition, 2013, p.214. 

[17]. A. Y. N. Sofla, S. A. Meguid, K. T. Tan and W. K. Yeo, Shape morphing of aircraft wing: Status and challenges, 

31 (3) (2010) 1284-1292, Materials & Design. 

[18]. R. Guiler and W. Huebsch, Wind tunnel analysis of a morphing swept wing tailless aircraft, Proc. 23rd AIAA 

Applied Aerodynamics Conference, Toronto, Ontario, Canada (2005) 1-14. 

[19]. Juan P. Murcia, Álvaro Pinilla, CFD Analysis of Blunt Trailing Edge Airfoils, issues 23,2011, 

https://doi.org/10.16924/revinge.33.2, UNIANDES JOURNALS. 

[20]. Min Z, Kien VK, Richard LJY. Aircraft morphing wing concepts with radical geometry change. Journal Part A 

Civil & Structural Engineering. 2010; 3:188-95.  

[21]. Sofla AYN, Meguid SA, Tan KT, Yeo WK. Shape morphing of aircraft wing: Status and challenges. Mater Design. 

2010; 31: 1284-92.  

[22].  Vasista S, Tong L, Wong KC. Realization of morphing wings: A multidisciplinary challenge. J Aircraft. 2012; 

49:11-28.  

[23].  Lachenal X, Daynes S, Weaver PM. Review of morphing concepts and materials for wind turbine blade 

applications. Wind Energy. 2013; 16:283-307.  

[24].  Daynes S, Weaver PM. Review of shape-morphing automobile structures: Concepts and outlook. Proceedings of 

the Institution of Mechanical Engineers Part D Journal of Automobile Engineering. 2013; 227:1603-22.  

[25].  Daynes S, Weaver PM. Stiffness tailoring using prestress in adaptive composite structures. Compos Struct. 2013; 

106:282-7.  

[26].  Kuder IK, Arrieta AF, Raither WE, Ermanni P. Variable stiffness material and structural concepts for morphing 

applications. Prog Aerosp Sci. 2013; 63: 33-55.  

[27]. Barbarino S, Saavedra Flores EI, Ajaj RM, Dayyani I, Friswell MI. A review on shape memory alloys with 

applications to morphing aircraft. Smart Mater Struc. 2014;23:63001.  

[28]. Sinapius M, Monner HP, Kintscher M, Riemenschneider J. DLR's morphing wing activities within the European 

network. IUTAM. 2014; 10:416-26.  

[29]. Hu N, Burgueño R. Buckling-induced smart applications: recent advances and trends. Smart Mater Struc. 2015; 24.  

[30]. Dayyani I, Shaw AD, Flores EIS, Friswell MI. The mechanics of composite corrugated structures: a review with 

applications in morphing aircraft. Compos Struct. 2015; 133:358-80.  

[31]. Sun J, Guan Q, Liu Y, Leng J. Morphing aircraft based on smart materials and structures: a state-of-the-art review. 

J Intel Mat Syst Str. 2016.  

[32]. Yin W, Liu J, Leng J. Deformation analysis of shape memory polymer for morphing wing skin under airflow. 

Frontiers of Mechanical Engineering. 2009; 4:447-9.  

[33]. Yin W, Chen Y. Design and analysis of adaptive honeycomb structure with pneumatic muscle fibers. Proceedings 

of SPIE. 2012; 8339:83390M.  

[34]. Yin WL. Stiffness requirement of flexible skin for variable trailing-edge camber wing. Sci China Technol Sc. 2010; 

53:1077-81.  

[35]. Chen Y, Yin W, Liu Y, Leng J. Structural design and analysis of morphing skin embedded with pneumatic muscle 

fibers. Smart Mater Struc. 2011; 20:298-300.  

[36]. Monner, HP, Kintscher M, Lorkowski T. Storm s, Design of a smart droop-nose as leading-edge high-lift system 

for transportation aircraft, 50th AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics, and Materials 

Conference, 2009, Palm Springs, California.  

https://iarjset.com/


IARJSET 

International Advanced Research Journal in Science, Engineering and Technology 

Impact Factor 7.105Vol. 9, Issue 2, February 2022 

DOI:  10.17148/IARJSET.2022.9229 

© IARJSET                  This work is licensed under a Creative Commons Attribution 4.0 International License                  222 

ISSN (O) 2393-8021, ISSN (P) 2394-1588 

[37]. Kintscher, Markus und Monner, Hans Peter und Heintze, Olaf. Experimental testing of a smart leading-edge high-

lift device for commercial transportation aircraft. 27th International Congress of the Aeronautical Sciences, 2010, 

Nizza, Frankreich.  

[38]. Monner, Hans Peter und Riemenschneider, Johannes und Kintscher, Markus: Groundtest of a Composite Smart 

Droop-nose. 53rd AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics and Materials Conference 2012, 

Honolulu, Hawaii.  

[39]. Kintscher, Markus und Wiedemann, Martin und Monner, Hans Peter und Heintze, Olaf und Kühn, Timo. Design of 

a smart leading-edge device for low-speed wind tunnel tests in the European project SADE. International Journal 

of Structural Integrity, 2 (4): 383-405.  

[40]. Kintscher, Markus und Monner, Hans Peter und Kühn, T. und Wild, J. und Wiedemann, Martin: Low-speed wind 

tunnel test of a morphing leading-edge. AIDAA - Italian Association of Aeronautics and Astronautics XXII 

Conference, 2013, Neapel, Italen.  

 
 

 

https://iarjset.com/

