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 

Abstract: Numerical and experimental investigations of flow 

over double delta wing at supersonic speed are investigated.   For 

numerical simulations, the body geometry is generated using 

SolidWorks software, mesh is created using Gambit and so       

                                                                 

                                                                 

                                                                  

are presented in the present paper. 

 

Keywords : Double delta wing, Supersonic Speed, Re-entry 
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I. INTRODUCTION 

A delta wing, is a triangle shaped wing, derived its name 

from Delta, the triangle-shaped letter in the Greek alphabet. 

In the case of the double delta wing, the strake is an 

additional surface which provides stable vortex over the delta 

wing. This improves the lift to drag ratio till the vortex 

break-down occurs [1]. The long root chord of the double 

delta wing can be built stronger, stiffer and at the same time 

lighter than a swept wing of equivalent lifting capability. It 

provides more internal volume for fuel and other storage 

without a significant increase in drag. Hence, the double delta 

wings are used in modern fighters and even in space 

transportation systems Space Shuttle and Re-entry Launch 

Vehicle (RLV). 

S.B Kern [2] studied the effect of small surface 

modification (fillets) at the location of vortex shedding to 

control the shedding, its‟ path and vortex break-down. It was 

found that the lift increases by 14% at low angles of attack 

and by 18% at high angles of attack. N. G. Verhaagen et al [1] 

studied double delta wing flow field in low speed at angles of 

attack varying from -5 to 20 deg. both experimentally and 

numerically. Pressure sensitive paints are used to obtain 

vortex effect on surface of the wing. Results from the  

 

numerical simulations compared with experimental values.  

O. Scott  and L . William [3] investigated surface flow and 
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off-body flow at Reynolds numbers of 0.5 Million to 1.5 

Million (based on the root chord). This study indicates roil up 

of the flow into a pair of primary vortices over the delta wing 

with axial velocity in the core of the vortex greater than twice 

free stream and with jet-like stream. Detailed review of 

studies carried out by NASA and Langley Research Center 

on vortex flow in supersonic flow is presented by Wood and 

Wilcox [4]. Missiles, wings and aircraft vortex flow studies 

in supersonic speeds from Mach number 1.5 to 4.6 are 

compiled and extensive analysis are carried out. Effects of 

vortex flow on vehicle performance are brought out. 

Interference between missile fins and body, impact of wing 

leading edge sweep, leading edge bluntness etc., are 

high-lighted in the review. Because of the importance of 

double delta wing in aerospace vehicles, a detailed theoretical 

and experimental investigations are carried out to analyze the 

flow field over a double delta wing at supersonic speed, M 

=2.5. the results are presented in the present paper. 

II. METHODOLOGY 

A. Model design 

The model chosen for the present study is a 76°-40° highly 

swept sharp edged double delta wing. The model is tested in 

the supersonic tunnel of Karunya Institute of Technology and 

Sciences. The test section size is 100*100*450 mm. The 

model is designed in such a way that the blockage by the 

model is less than 5% (for the range of angle of attacks tested) 

and dimensions are decided in a way to prevent the reflected 

shock from striking the model. The dimensions of the model 

thus obtained are shown in Figure 1. 
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Fig.1: Configuration of the Double Delta wing. 

 

The design of the model is carried out using Solid work. It 

provides a solid 3-D model and is shown in Figure 2. The 

total length and width of the model are 63.66 mm and 65 mm. 

 
Fig.2: Three Dimensional model of the Double delta 

wing 

B.  Model Mounting 

The stand part is made in solidwoks with the following 

dimensions. These dimensions mounting are obtained from a 

previously existing completed model. The inclined part of the 

mounting is kept at an angle of 50. The mounting dimensions 

and its 3D models are shown in Figure 3 and Figure 4 

respectively. Fig.3: Configuration of the Mounting 

 
Fig.3: Configuration of the Mounting 

 
Fig.4:3D Model of the Mount 

C. Creating the body in the Design Modeler 

The model created in the Solidworks software is imported 

into ANSYS. After importing a model, the operation of the 

model must be changed from “Add Material” to “Add 

Frozen” so that the model will be in the solid form. After 

setting the geometry operations a domain is generated at a 

dimension similar to the test section of the supersonic wind 

tunnel. Length of the domain beind the model to the diffuser 

is around 45 cm. An angle of attack can also be set for the 

swept double delta wing using the “rotate” option in the body 

transformation in the create bar. After selecting the option 

model must be selected for the rotate option to operate on, 

after the selection of the model the axis must be selected at 

which the rotation takes place. Only after settig the angle of 

attack can the domain be generated. The generated domain is 

shown in Figure 5. 

 
Fig.5: Domain for Numerical Simulation 

D. Generation of the Mesh File 

The “FLUID FLOW (FLUENT) ANSYS AUTODYN 

PREPOST” is the meshing software used and it is available 

for ANSYS v18.1. The model generated is meshed and then 

the sizing option is changed to make the mesh more fine, the 

size function is changed from curvature to adaptive and the 

relevance center is changed from coarse to medium. 
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Fig.6: Generated Mesh over the model and the domain 

 

After finishing the meshing the as shown in Figure 6, 

further meshing is done to make the model grid generation 

much more fine. To obtain a much finer mesh select the edges 

of the double delta wing where the mesh needs to be fine, 

select the edge option on the tool bar to select the desired 

edges. Right click and then go to insert and then select the 

edge sizing, this will help to set the desired sizing. This is 

done by changing the element sizing option to number of 

division‟s option in the definition, now the number of 

divisions for the edges is given as 40. This will provide a 

really fine mesh at the edges. Then with the help of face mesh 

the top face of the double delta wing can also have a fine grid 

or the use of refine option can also provide a really fine mesh. 

After obtaining the suitable mesh for the model the next 

step is to set the name selection for the inlet, outlet, wall and 

also for the double delta wing (DDW). This will help in 

identifying the face while providing the boundary condition 

so as to prevent any further confusions. The number of cells 

precent In the entire mesh is 273481. The cell areas present 

are different due to the adaptive condition were given as the 

mesh condition 

 
Fig.7: Mesh over the model 

III. SOLVER 

In the case of a solver, the entire model must be checked 

whether the mesh is fine whether the face area is accurate. 

Then the quality of the mesh is checked, the shape, whether it 

is structured or unstructured, checking the face area, 

checking the volume etc. In the case of quality check, it is 

used to check whether the grid that is generated is fine. The 

solver type will be density based because the flow over the 

model is a high speed compressible flow. The flow also is 

steady instead of transient. This is because steady state 

simulations, by definition are those whose characteristics do 

not change with time and whose steady conditions are 

assumed to be have reached after a relatively long time 

interval. After that the rest of the solution must be set, where 

the energy equation must be turned on which will allow you 

to set a parameter related to energy or heat transfer in the 

model. The Viscous Model dialog box allows you to set 

parameters for inviscid, laminar, and turbulent flow. The 

model that is used here is k-epsilon model, it is the most 

common model used in Computational Fluid Dynamics 

(CFD) to simulate mean flow characteristics for turbulent 

flow conditions. It is a two equation model that gives a 

general description of turbulence by means of two transport 

equations. The necessary boundary conditions needs to be in 

place for the inlet and outlet. 

Boundary Conditions 

Inlet-                  Velocity-Inlet 

Outlet-               Pressure outlet 

Domain wall-    Wall 

The velocity inlet boundary conditions are used to define 

the flow velocity, along with all relevant scalar properties of 

the flow, at flow inlets. In this case, the total pressure or the 

stagnation pressure is not fixed but will rise to whatever value 

is necessary to provide the prescribed velocity distribution. 

This boundary condition is applicable to incompressible and 

compressible flows. 

The pressure outlet boundary conditions require 

specification of a static (gauge) pressure at the outlet 

boundary. The relaxation factor provided is 0.25. The 

solution methods provided for the flow, turbulence kinetic 

energy and turbulence dissipation factor are all given the 

second order upwind. Since the flow is implicit the Courent 

number for the this flow should be less than 1, the provided 

Courant number value is 0.5 and under the relaxation factor 

of 0.25 the turbulence Kinetic Energy, Kinetic dissipation 

rate and turbulent viscosity values are 0.8, 0.8, 1. 

IV. RESULTS AND DISCUSSION 

The turbulence model used is K- epsilon and solver is 

density based (compressible supersonic flow) and steady 

state solution is obtained. The mesh is imported and checked 

for the quality. 
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                                  angle of attack 

 

The pressure contours at 5 deg angle of attack id shown in 

Figure 10. High pressure levels are seen in the leading edge 

delta portion of the wing due to it 70 deg inclination. 

Pressure pallete for double delta wing at 55 deg. angle of 

attack and the pressure is higher near the center of the wing. 

Low pressure at the tip of delta portion is wing due to its high 

flow inclination and it is an indication of vortex formation. 

 
Fig. 11: Pressure dis                                  

 

At 60 deg angle of attack (Figure 12), the pressure at the 

center of the wing is higher. This may be due to the 

reattachment/impingement of vortex on the wing. 

 
                                                      

Stream line pattern for angle of attack 60 and 65 deg are 

shown in Figure 13 and Figure 14 respectively. There figures 

indicate vortex formation and rolling up. 

 
                                                   

 

 
                                             attack 

V. MODEL FABRICATION 

 
Fig.15: Fabricated model in Wind Tunnel 
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VI. EXPERIMENTAL ANALYSIS 

In the below figure 17 it shows flow over a double delta 

wing at Mach 2. The shock generated are bow shock at the 

stand and slight shock is generated at the tip of the model. 

The visualization technique used here is shadowgraph 

technique at Mach 2. 

 
                                                        

attack at Mach 2.5. 

 

The shadowgraph technique is used here at Mach 2.5. The 

bow shock is generated at the inclined stand part and at the 

strake and at the wing a primary and secondary oblique shock 

is generated. 

 
                                                        

attack at Mach 2.5 

VII. CONCLUSION AND SCOPE 

The streamline flow over the double delta wing at different 

supersonic speeds is studied through numerical simulations. 

The pressure generated on the model increases with increase 

in the angle of attack, the pressure generation will be more 

concentrated on the top portion of the wing at 0   angle of 

attack. As the angle of attack increases till 1    the pressure is 

concentrated at the leading edge of the model. At higher 

angle of attacks the pressure will be more concentrated at the 

bottom of the wing. Using experimental analysis the shock 

generated over the double delta wing is visualized. The 

model is fabricated with high angle at edges and due to that 

the power of the shock will be more and the different types of 

shocks are generated on the model and the stand. An oblique 

shock is generated on the model and bow shock at the stand 

part. 
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