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Abstract— This paper presents the computational design 

validation of a morphing wing profile that allows a change in the 

wing aspect ratio. Generally, the aerodynamic performance can 

be enhanced by changing the aspect ratio of the wing. Variable 

span morphing wing allows two distinct airfoil sections of the 

wing to extend its span using another section employing strap 

driven mechanism. The primary airfoil model section is 

maintained by NACA 4412 with span of 1.05 meters with full 

extension to 1.50 meters. Therefore, both two dimensional and 

three dimensional computational studies are carried out in a span 

morphed wing and un-morphed wing for various angles of attack 

respectively. It is found that the extended wing gives better 

aerodynamic performance and improved range. However, the 

separation phenomenon and turbulence occurs in the transition 

regions of wing profile. CFD FLUENT are used to understand 

the different flow patterns and pressure variations over the 

various sections of the wing. This study also demonstrates the 

potential effectiveness of a model meshing on the simulation and 

emphasizes the sensitivity of the solution outcome to the model 

solution setup.  

Keywords— Aerodynamic Performance; Wing Design; Span 

Morphing; Computational Fluid Dynamics. 

I. INTRODUCTION  

Changing operating conditions and multi-mission 

requirements, aerospace vehicles are engaged in a number of 

phases. Therefore, it is beneficial to optimize the aircraft to 

meet all these multi-mission maneuvers. Usually the 

optimization can be achieved by completing mission using 

fixed geometrical configuration. But this results in the design 

compromise by affecting the efficiency of other operating 

phases.  

For example, an aircraft designed for loiter at low speed, 

where high speed dashes are preformed between loiter way-

points, might favor a design that maximizes the aspect ratio 

for the loiter condition, constrained by the requirements of the 

high speed dash, such as engine thrust, or power, or wing 

loading [1]. This may lead to lower potential dash speed or 

shorter range and/or endurance.  

As a result, the adaptive wing is like an avian flight that 

has capability to adjust its wings to meet multiple flight 

maneuvers with better performance. Morphing aircraft 

bestows the unique ability to increase the efficiency as 

compared to conventional aircrafts.  

Various morphing aircraft designs are being investigated 

by engineers. Approaches of wing morphing include span 

change [2], wing twist [3], wing sweep change [4], and wing 

camber [5]. A variable span configuration has ability to meet 

the requirements of both military and commercial UAVs.  

Increasing the wingspan, increases the aspect ratio and wing 

area, and decreases the span-wise lift distribution for the same 

lift.  

Thus, the drag of the wing could be decreased, and 

consequently, the range or endurance of the vehicle increase. 

The applications of smart materials with their morphing 

outcomes have also been summarized, and different 

mechanisms have been listed to achieve multi-mission 

aerospace vehicles [6]. 

II. CURRENT RESEARCH AND DESIGNS  

Span morphing technology offers a strategy to modify the 

wing aspect ratio, and the wing planform to optimize the flight 

conditions. One such study was presented by employing span 

morphing on the mission performance of a 25-kg UAV [7]. 

The analyses were performed in order to increase the 

aerodynamic efficiency or range.  

Models that were undertaken are adaptive aspect ratio 

(AdAR) span morphing. The results indicate that generally 

morphing for span morphing, the aerodynamic efficiency is 

maximized for a 30%–70% to 40%–60% weighting between 

the low and high speed flight conditions. Maximizing the 

effect of span morphing is dependent on the operational speed 

range, in addition to the weighting of the mission between low 

and high speed.  

Other design model into investigation was Gear driven 

autonomous twin spar (GNATSpar) [8]. The GNATSpar can 

be used to achieve span extensions up to 100% but for 

demonstration purposes it is used here to achieve span 

extensions up to 20% to reduce induced drag and increase 

flight endurance. The span extension increased the 
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aerodynamic efficiency of the UAV. The GNATSpar requires 

relatively large force required to morph the wing with the 

flexible skin.  

The Zigzag wing-box concept was studied and it allowed 

the wing span to be varied by 44% (22% extension and 22% 

retraction) [9]. The Zigzag wing-box consists of a rigid part 

and a morphing part. The rigid part is a semi-monocoque 

construction that houses the fuel tank and transfers the 

aerodynamic loads from the morphing part to the fuselage.  

Also, known as the Adaptive Aspect Ratio wing, this 

concept couples a compliant skin to a mechanism based 

internal structure to create a morphing wing capable of 

significant changes in span and aspect ratio as shown in Fig. 1. 

 

Fig 1. Adaptive aspect ratio wing [10] 

Therefore, the current study aims to provide a research 

overview in determining the research simulation validation of 

a variable span wing. The computational validation has been 

performed to determine the efficacy of morphing. 

III. NUMERICAL STRATEGY AND OPTIMIZATION  

To verify the aerodynamic coefficients, the numerical 

analysis performed is compared to the earlier results found in 

the literature. The wing area and the aspect ratio of a 

conventional wing are fixed. For lift augmentation, the lift 

coefficient can be increased by enlarging the angle of attack of 

the wing profile.  

However, in adaptive wings, same can be achieved by 

increasing the aspect ratio via changing the area of the wing. 

The parameters of total drag ( DC ), profile drag ( DoC ) and 

induced drag ( DiC ) is defined and related aspect ratio to 

enhance the aerodynamic efficiency as follows [11]. 
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It is noted that both range and endurance are strongly 

dependent on 
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 respectively. Each of these 

ratios is dependent on the wing aspect ratio. Thus, it is clear 

that an increase in wing aspect ratio would result in an 

increase in both range and endurance.  

In addition, endurance is further enhanced for a variable 

aspect ratio wing because wing surface area also increases 

with aspect ratio. By tailoring the wing geometry one can 

adapt the lift and drag characteristics to a variety of missions. 

A. Model Development 

A three dimensional geometric model was developed using 

CAD design modeler software as in Fig. 2. In order to 

facilitate the solution, the geometric model should be small 

and simple in design, but must meet all the requirements of 

each individual part with maximum accuracy.  

 

Fig. 2. CAD wing Model 

The smaller model provides checked meshing nodes, and 

the mesh grid quantity will directly impact the solution 

duration. It is noted that the model of the wing is NACA4412 

profile with chord of 0.5 m and full span of 1.5 m respectively.  

The extended model observed will be employed after 

validating the solution for the NACA airfoil. 

B. Model Meshing 

After the three-dimensional wing model is created using 

CAD design software, it is imported to GAMBIT for mesh 

generation. The model meshing is the most significant and 

refined process in CFD simulations. The characteristics of 

meshing are determined by the technique of the meshing.  

Innumerous grid cells or elements are created in the 

meshing process which is required to solve all the desired 

fluid flow equations. The grid size has a significant impact on 

the computational time which in turn influences the cost of 
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simulations. The grid will also have a significant effect on the 

convergence speed and solution accuracy.  

In case of successful computations of turbulent flows in a 

wing model, some boundary layer considerations are also 

required in mesh generation. Due to strong interaction of the 

mean flow and turbulence, the numerical results of the 

turbulent flow show more sensitivity towards the grid 

dependency than laminar flow.  

The grouping of the grid in the direction normal to the 

surface solves the boundary layer solution, with the spacing of 

the first grid point off the wall to be well within the laminar 

sub-layer of the boundary layer.  

Therefore, hexagonal or prism elements are employed to 

discrete boundary layers to preserve the accuracy in the wall 

normal direction for highly stretched viscous grid. The 

meshing models of both the un-extended and extended wing 

profiles can be seen in Fig. 3 and 4 respectively.  

Aerodynamic coefficients being the focus of 

investigations in an aerodynamic wing, the surface gridding 

strategy with defined element size should be taken based on 

the local chord length. A size of 0.1% of local chord length at 

leading and trailing edge is good enough to resolve the flow 

physics and about 5% of the local chord length is good enough 

to resolve the flow phenomenon along the span-wise direction. 

 

Fig. 3. Surface Mesh over the un-extended Wing profile 

  

 

Fig. 4. Surface Mesh over the extended wing profile 

Furthermore, the condition of viscous flow is significant 

and the boundary layer resolution also plays a greater role in 

determining the Cd values. Y+ is the governing factor for 

boundary layer meshing. In order to avoid the different wall 

functions in simulation, the values of Y+ factor must be less 

than 1.  

Introducing the course meshing and proceeding towards 

the fine meshing, Y+ values can be 1, 0.67, 0.44 and 0.3. Also, 

the growth rate of elements should be less than 1.25 to obtain 

an optimum solution. 

C. Model Solution Set-Up 

After importing the geometry in to ANSYS
®
/GAMBIT, 

the mesh is generated and 3D solution domain is set. In order 

to obtain the optimum solution, two distinct rectangular prisms 

are created, termed as inner domain and outer domain.   

The inner domain is much smaller than the outer domain 

but it comprises ten times more elements than that of the outer 

domain. The inner domain is nested in such a way that the 

pressure gradients are higher in the surface of the wing than 

the far zones. The selection of this small growth size enables 

dense mesh density in the inner solution domain which is 

presented in Fig. 5. 

Pave type Tri elements are used on wing surface. The 

inner volume between the wing and inner rectangular prism is 

meshed by using T Grid type Tet/Hybrid elements. The 

growth rate for the elements is 1.09 from the wing surfaces to 

the inner rectangular prism surfaces. The element 

concentration is denser over wing surfaces as shown in Fig. 6. 

This enables a better solution for the pressure gradient on 

the wing surfaces. Leading and trailing edge of the wing is 

important from the pressure gradient point of view. Around the 

edges, the element size is smaller than the element size on the 

middle section of the wing surfaces. 
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Fig. 5. Boundary conditions & Solution domain 

 

Fig. 6. Isometric view of inner domain 

D. Modelling Solution 

Pressure based solution is selected with node based gradient 

option and Spalart-Allmaras model is chosen for viscous 

condition and air is selected as the fluid with the specific 

properties (Density = 1.225 [kg/m3], Viscosity = 1.7894E-05 

[kg/m-s]).  

Spalart-Allmaras (SA) one-equation model is the most 

successful eddy viscosity models used today [12] and it has 

been designed for equilibrium flows where the turbulent time 

scales are much smaller than the mean flow time scales and 

react almost instantaneously to changes in the mean strain rate.  

This assumption is very adequate for flows with no rapid 

changes in the flow field. However, the major flaw of one- and 

two- equation eddy viscosity models is that they do not account 

for history effects of the Reynolds stresses. Turbulence is 

produced by the mean strain rate in the flow. Under a non-

equilibrium condition, the components of the strain rate tensor 

are constantly changing.  

Thereby, various corrections to eddy viscosity models have 

been proposed to deal with this, such as the Spalart-Allmaras 

model with rotation and curvature correction (SARC) which 

suppresses turbulent production when the Reynolds stress 

tensor lags the mean strain rate tensor but does not actually 

model the physics of the lagging process [13, 14]. 

Some other equations were also added to an existing eddy 

viscosity model designed to relax the eddy viscosity towards 

an equilibrium value [15]. Lately, models have been studied 

which lag the RST instead of the eddy viscosity, called as the 

lagRST model developed [16], and was commenced for skin 

friction and separation predictions [15].  

The Spalart-Allmaras (SA) turbulence model and the 

Menter k-ω shear-stress transport (SST) turbulence model 

have been widely-used and trusted models for Reynolds-

averaged Navier-Stokes (RANS) computations of 

aerodynamic flows for well over a decade [17, 18].  

Earlier, many CFD simulations in three dimensions have 

been investigated for high lift devices using these models, 

which include those of Mathias et al. [19] and Jones et al. [20] 

who studied a simple wing with half-span flap. Cao et al. [21] 

computed flow over a simplified Boeing 747 high lift 

configuration. 

IV. RESULTS AND DISCUSSIONS 

Initially, the investigation of wing without span change 

having NACA4412 airfoil is performed. The results are 

presented as static pressure contour plots of upper and lower 

surfaces as seen in Fig. 7 and 8. It is clear from these figures 

that the leading edge has the highest pressure value in the 

wing. Also the chord-wise and span-wise pressure distribution 

is also clearly seen in the plot.  

 

Fig. 7. Pressure distribution on upper surface of un-extended wing profile 
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Fig. 8. Pressure distribution on upper surface extended wing profile 

The second model is the wing profile with span extension. 

The results are presented as static pressure contour plots for 

upper and lower surface as seen in Fig. 9. The same pattern for 

pressure change is found in the morphed wing section  

(Fig. 10) with leading edge having higher pressure values.  

 

Fig. 9. Pressure distribution on lower surface of extended wing profile 

 

Fig. 10. Path lines distribution over the two wing sections. 

The pressure variation is observed mostly in the extended 

wing section of the wing model. It is because during the 

extension, the flow in the wing tip coming from the lower 

surface disturbs the upper surface. The path lines are also 

presented to observe the flow pattern more accurately. It is 

seen that the extended wing section of the span adaptive 

model has denser path lines. It can attributed to the vortex 

generation phenomenon at the place where the wing section 

starts to extend and form a transition region for the flow. 

V. CONCLUSIONS 

This study investigates the computational design validation 

of an adaptive wing. An adaptive wing has been considered 

for augmenting the aerodynamic efficiency of an aircraft by 

varying the wing aspect ratio. The mesh morphing approach 

for shape optimization of grid-based numerical models has 

been presented. The application of this model showed a great 

potential of the quality meshing approach with the large time 

saving in the generation of good quality solution outcomes for 

modified geometry. Regarding the achieved results those 

small improvement seen are most likely due to the nature of 

the design variables and their limited number. The use of the 

mesh morphing methodology proves to be very helpful 

approach to minimize the computational cost of having to 

generate the mesh for every proposed configuration. In order 

to minimize the flaws in the results, it is recommended to 

consider more quality meshing using high fidelity simulation 

models. Future work will consider the possibility to employ 

the high fidelity simulation models for more accurate 

performance solutions. In this state we believe there will be a 

much higher improvement once the optimization will be 

achieved.   
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