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Abstract—The numerical study focuses on the effect of 

leading edge shape on the flow characteristics over delta wing 
with sweep angles of 45°, 50° and 55°. Five different wing 
configurations used for the present study are sharp edged, semi-
circular, round, semi chamfered and double chamfered leading 
edges. Numerical simulations were carried out using RANS 
calculations coupled with SST k-ω turbulence model. The 

numerical results obtained were validated using surface oil flow 
visualization measurements reported by Verhaegen (2011). The 
leading edge shapes were shown to affect the size, location, 
strength of the vortex and breakdown location of vortex core. 
The influence of these parameters on the delta wing was seen to 
affect the lift and drag forces significantly 

Keywords— delta wing, leading edges, SST k-ω turbulence 

model, CFD. 

I.  INTRODUCTION  

The study of leading edge vortical flow over delta wing 

started few decades ago. Most of the researches were 

conducted in slender (sweep angle > 60 degree) delta wings 

and hence a reasonable understanding of flow phenomenon 

over slender delta wing have been obtained 

In recent years, researches are mainly focused on 

developing the designs for Unmanned Combat Aerial Vehicle 

(UCAV) in order to meet the technological demands of 

modern warfare. The proposed concept of UCAV in the 

present study incorporates non-slender delta wings. There is a 

noticeable difference between flow over slender and non-

slender delta wings. In the case of a sharp edged slender delta 

wing, single primary vortex is seen to be present up to a high 

Angle of attack (AOA) where as in the case of a non-slender 

delta wing, dual primary vortex is seen to be present up to an 

AOA of 10° [1]. The formation of dual vortex is due to the 

interaction between the flat separated primary vortex and wing 

boundary layer. Another difference is noticed in the vortex 

breakdown. In a non-slender delta wing, breakdown occurs at 

more upstream location and transition of jet to wave like flow 

is less abrupt compared to slender delta wings. 

There are several factors that influence the aerodynamics 

of delta wing aircrafts. Those are formation of vortical flow 

over delta wing, AOA, yaw angle, roll angle, sweep angle, 

shape of wing, leading edge shape, thickness, Reynolds 

number (Re), condition of free stream velocity etc. It means 

that the formation of leading edge vortices and its bursting 

point has direct relation with the geometry of delta wing. 

Verhaagen and Elsayed (2008) conducted experimental study 

on 50° delta wing with different leading edge shapes. The oil 

flow visualisation shows that a larger leading-edge radius, 

occurrence of vortex breakdown can be delayed. The SPIV 

data showed that a more rounded leading edge reduces the 

primary vortex size and moves the vortex outboard and closer 

to the wing surface. 

Experimental study performed by Verhaagen (2011) 

focusing on leading edge radius showed that more rounded 

leading edge radius delays occurrence of vortex breakdown. 

The dependence of Re on vortex core breakdown location is 

weak, based on limited range of Re tested in their study. 

Numerical investigation on effects of Re on the flow over 

76°/40° double delta wings conducted by Verhaagen (2002) 

reported that at low Re strong effect of Re on vortex 

interactions was observed. However, at high Re, interaction 

between vortices is low. 

Topology of skin-friction line pattern on 65° swept wing 

was studied by Verhaagen and Elsayed (2008) with special 

attention given to flow over apex. It was observed that several 

bifurcations occurred in flow topology from AOA 10° and 

beyond 15°, tertiary separation was observed to occur with 

same sense of rotation as secondary vortex. 

Saha and Majumdar (2012) conducted experimental and 

computational study on 65° delta wing. The SST k-ω 

turbulence model based on RANS CFD analysis predicted 

surface flow topological structure and vortex breakdown 

phenomenon over delta wing up to moderate AOA with 

considerable accuracy. 

In the present work, the primary focus is to study the effect 

of leading edge shapes on vortical flow with different sweep 

angles (45°, 50°, 55°) in a range of AOA (00 to 200). Leading 

edge shape effect the origin, size and location of primary 

vortex, vortex breakdown location, attachment lines and 

formation of secondary and tertiary vortices. Delta wings with 

chord length c =120 mm, thickness t = 7 mm and sweep 

angles Λ = 45°, 50°, 55° are chosen for the study with five 

different leading edge shapes. The five leading edge shapes 

are 1) Wing-1: Sharp edged, 2) Wing-2: Semi-circular, 3) 

Wing-3: Round shaped, 4) Wing-4: Semi chamfered, 5) Wing-

5: Double chamfered leading edge. Models generated in 
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SOLIDWORKS with 50° sweep delta wing with different 

leading edge shapes are shown in Figure 1. Computational 

analysis is carried out on these models at different Angle of 

Attacks (5, 10, 15, and 20 degrees). 

 

II. NUMERICAL METHODOLOGY 

A. Modelling and Meshing 

 Modelling of the geometry was completed in 
SOLIDWORKS 20I6. The dimensions of the geometry was 
taken as same from the literature for the easiness of validation. 
The chord length of the delta wings modelled is 120 mm. The 
dimensions of the 3D domain are taken based on the chord 
length. i.e. 2.5 times the chord length towards the front and 4 
times the chord length towards the aft side of the wing. A 
single chord length was taken towards the top and bottom 
directions and 1.5 times the chord length from wing tip 
towards the extreme left and right end of the domain. The 
domain is sliced into 27 volumes as shown in the Fig. 2. 
Tetrahedral mesh is generated to volume containing wing 
body and structured mesh created to the remaining regions. 
The grid size of the computational domain after meshing is 1.4 
million. 

B. Boundary Conditions 

A constant velocity inlet (x-component) of 24.345 m/s is 
given at inlet of the domain and at outlet, constant atmospheric 
pressure is assumed. No slip condition is given to all boundary 
surfaces and the wing. 

 
Fig. 1(a) Wing-1: Sharp Leading Edge 

   

Fig. 1(b). Wing-2: Semi-circular Leading Edge 

   

Fig. 1(c) Wing-3: Round Leading Edge 

   

Fig. 1(d) Wing-4: Semi-chamfered Leading Edge 

 

Fig. 1(e) Wing-5: Double chamfered Leading Edge 

 

Fig. 2 View of Computational Grid 

C. Computational Technique 

The present study of flow over 45°, 50°, 55° delta wings 
with different leading edge shapes were conducted using 
RANS based steady state calculations. Shear Stress Transport 
k-ω model can accurately predict shear layer separation and 
vortex breakdown location (Saha and Manjumdar, 2012) and 
hence it is preferred for the present study. Due to the 
limitation of computational resources, the mesh near the wing 
wall is not fine enough to capture the finer details of vortex 

International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 3 (2018) Spl. 
© Research India Publications.  http://www.ripublication.com

52



 

 

 

 

 

 

 

 

 

  
   

  

a) α = 5°

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) α =10° 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) α =15o 

Fig. 3. Comparison of results of surface oil flow visualisation (left) and computational predictions (right) of Wing-1 at (a) α=5°, (b) α=10°, (c) α=15° 
respectively 
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Fig. 4. Planform and leading edge shapes of small scaled models (Wing-1) 
used by Verhaagen and Elsayed (2008) for experimental study. 

 

flow. Near wall  value is restricted to a maximum value of 10. 
Wall  is a very important parameter to resolve features of 
boundary layer. Since the x-component of velocity is less than 
M=0.3, the flow is considered to be incompressible and hence 
constant fluid properties (density and molecular viscosity) are 
assumed. Second order upwind discretisation scheme is 
applied for momentum, k and ω. Residuals are set for a 
convergence criterion of 10-5 . 

III. RESULTS AND DISCUSSION 

       Verhaagen and Elsayed (2008) had done oil flow 

visualisation of 50° sharp edged delta wing with chord length 

(c) 120 mm, thickness (t) 7 mm and edges bevelled at 18° 

(Fig. 4). The Reynolds number of the flow is 2 x 105. The 

dimensions of the model and condition used for the present 

study are same as above. The results of oil flow visualisation 

are used for the validation of computed data. Oil flow 

visualisation helps to get skin friction lines over the leeward 

side of the wings. The outward bending of secondary 

separation line indicates the occurrence of vortex breakdown. 

Figure 3 shows the experimental and computational results of 

50° sharp edged delta wing at angle of attack 5°, 10° and 15°. 

Computational results shown are the static pressure contour 

over leeward surface of the wing. The blue coloured cone 

region starting from tip of the wing indicates the core of the 

primary vortex. At angle of attack 5°, there is no bending of 

secondary separation line. Hence vortex breakdown does not 

occur over the wing surface. In computational predictions, 

primary vortex is also seen to appear stable from tip of wing to 

trailing edge without any breakdown. At AOA 10°, outward 

bending of secondary separation line indicates the vortex 

breakdown. In pressure contour represented in Fig. 3(b), 

strength of the vortex core degrades and vanishes exactly at 

the same location as that of the vortex breakdown location in 

the experimental data. At α=15°, the vortex breakdown occurs 

at a short distance upstream of the outward bending point. 

Vortex breakdown location is reasonably well correlated with 

the computed location of bursting point in Fig. 3(c). 

 

 

 

 

 
 

 
Fig. 5(a). Comparison of experimental and computational values of coefficient 

of lift for Wing-1 at a sweep angle of 50°. 

 

  
Fig. 5(b). Comparison of experimental and computational values of 

coefficient of drag for Wing-1 at a sweep angle of 50°. 

   

 
Fig. 5(c). Comparison of experimental and computational values of coefficient 
of lift for Wing-2 at a sweep angle of 50°. 
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Fig. 5(d). Comparison of experimental and computational values of 

coefficient of lift for Wing-3 at a sweep angle of 50°. 

 

 
Fig. 5(e). Variation of coefficient of lift with AOA for 50° delta wings of 

different leading edge shapes 
 

 

Fig. 5(f). Comparison of coefficient of lift for Wing-1 at sweep angles of 45°, 
50° and 55°. 

Figures 5 (a), (b), (c), and (d) show that the computational 
predictions of coefficients of lift and drag are in reasonable 
agreement with the available experimental data. The sharp 
leading edge in Fig. 5(e) has highest value of CL (0.356) at α = 
5°. As angle of attack increases, vortex magnitude increases 
thereby drag force and vortex interaction with surface shear 

layer increases, resulting in decrease of coefficient of lift. For 
50° delta wing, curvature of leading edge shapes shows a 
significant influence on the coefficient of lift. With the 
increase in radius of curvature of leading edge, vortex 
breakdown location moves downstream which helps to 
generate vortex lift, and hence coefficient of lift increases. 
Similar reasoning is applicable for 45° and 55° delta wings. 
Fig. 5 (f) shows the variation of CL with AOA for all sweep 
angles. It is observed that the wings with sweep angle of 45° 
have the highest value of coefficient of lift. 

III. CONCLUSION 

The numerical study of delta wing using RANS 
calculations coupled with SST k-ὡ turbulence model was 
conducted by varying parameters such as (i) Angle of attack (α 
= 5°, 10°, 15°, 20°) (ii) Leading edge shapes and (iii) Sweep 
angles (Λ = 45°, 50°, 55°). Studies on leading edge shapes 
show that round leading edge gives better values of coefficient 
of lift as compared to other leading edge shapes tested. As the 
radius of curvature of the leading edge shape increases, 
coefficient of lift increases and vortex breakdown gets 
delayed. It is also seen that as the vortex moves down stream 
to the leeward surface, it gets lifted up from the surface and 
shifts in the outward direction. It may also be noted that as 
angle of attack increases, vortex breakdown location moves 
upstream of the wing. 
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