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Abstract:- A Winglet is an apparatus fastened to the 

wings. Utilized to decrease the induced drag brought on by 

wingtip vortices, in future increasing aeroplane 

productivity. It is an extension that might be horizontal, 

vertical, or angled. Winglets increase a wing's useful 

perspective ratio without significantly increasing the 

structural pressure and resulting crucial load on the wing 

structure. Comparing aerodynamic properties such as lift 

coefficient (Cl), drag coefficient (Cd), lift to drag ratio (L-

D), and evaluating the features of blended and raked 

winglets is done to achieve this. For greater accuracy, the 

Spalat-Allmaras turbulence model is used around the 

cross section of the wing wall. Using SOLIDWORKS 

software, the wing model and lattice are calculated. The 

three-dimensional aeroplane wing is created using the 

NACA 2415 air foil segment. Low Mach number 

computational simulations are run by SOLID WORKS at 

various angles of attack. Given that the impact of vortices 

is greatest during take-off and landing phases of an 

airplane's flight, CFD study for wings with blended and 

raked winglets designs is conducted during these phases. It 

is necessary to measure the aerodynamic characteristic of 

wings with blended and raked winglets before comparing 

them to determine which has the best aerodynamic 

trademark. 

 

Keywords:- Winglets, Coefficient of Lift, Coefficient of Drag, 
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I. INTRODUCTION 

 

 
Fig: 1 the Four Basic Forces Acting on an Aircraft 

 

The four essential powers following up on airplane are 

Lift, Drag, Weight and thrust .thrust goes against drag. Engine 

makes thrust and pushes the plane ahead According to 

Newton's third law, the thrust generated by the engines and the 

thrust generated by the air is consistently identical and inverse. 

According to Newton's second law, a plane will advance 

quickly when thrust outweighs drag. When the plane flies 

level at a constant speed, propulsion turns into drag, and all 

opposing powers of flight become equal weight becomes lift 

and drag becomes thrust—at that point. a connection between 
the four powers of flying. 

 

 Wingtip Devices 

These are designed to increase fixed-wing aeroplane 

efficiency by reducing drag. Although there are several wing 

tip devices that can be used in different ways, their desired 

effect is typically to reduce drag by partially recovering the 

energy from the tip vortex. Wingtip devices can also enhance 

an aircraft's handling capabilities and increase safety for 

incoming aircraft. Such devices increase a wing's viable 

viewpoint proportion without actually increasing the wingspan. 
An increase in length would reduce lift-induced drag but 

increase parasite drag and need supporting the weight and   

strength of the wing. Eventually, adding to the increment 
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range has no net benefit. Wingtip technology creates vortices, 

advancing lift-to-drag proportion. 
 

II. OBJECTIVES 

 

 Modeling of wing with blended and raked winglets. 

 Numerical analysis of Blended and Raked Winglets using 

Solid Works Software. 

 Comparison of aerodynamic characteristics of wing with 

winglets for different velocities 

 

III. DESIGN METHODOLOGY 

 
 Predetermining the project and market survey. 

 Literature survey: understanding and implementing the 

ideas. 

 Comparing all the designs that were made by previous 

authors and find efficient wing with Winglet at 30°angle of 

attack. 

 

 Modeling of wing with blended and raked winglets using 

SOLIDWORKS. 
 After that applying the suitable flow filed characteristics 

(boundary condition) in SOLID WORKS VIZARD. 

 Flow over the blended and raked winglets; obtain the 

results of pressure, velocity, total pressure. 

 

IV. SOFTWARES USED 

 

SOLIDWORKS Corp., a division of Dassault Systems, 

provides complete 3D programming tools that help you create, 

circle, and manage your data. SOLIDWORKS tools are simple 

to use and learn, and they work together to help you organise 
things more effectively, more quickly, and more affordably. 

From design to completion, mechatronic systems are created 

using SOLIDWORKS. The item is used for organizing, visual 

brainstorming, exhibiting, probability evaluation, prototyping, 

and projects the board at the first stage. The item is 

subsequently used to plan and operate mechanical, electrical, 

and programming components. 

 

V. MODELLING ANDNUMERICAL ANALYSIS 

 
 Modelling 

 

 
Fig 2: Blended Winglet with Wing Model 

 

Importing NACA 2415 aerofoil coordinates to part design of SOLID WORKS. Translating the wingtip coordinates to get 30° cant 

angle. Creating the wing surface using command multi section solids. 
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Fig 3: Raked Winglet with Wing Model 

 

Importing IGS model to SOLID WORKS wizard. Creating uniform enclosure for model. Using automatic mesh method to generate 

mesh. 

 
In Figures 2 and 3, respectively, the entire designs of wings with blended and raked winglets are depicted. Table 1 lists the 

design requirements for raked and blended winglets with wing are tabulated  below. 

 

Table 1:  List of Design Requirements for Raked and Blended Winglets 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

Sl no Specifications Values 

01 Aerofoil type NACA 2415 (symmetric aerofoil ) 

02 Span 90mm 

03 Root chord 60mm 

04 Tip chord 30mm 
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VI. COMPUTATIONAL DOMAIN 

 
 Computational Domain for Wing with Blended and Raked Winglets 

 

 
Fig 4: Computational Domain View 

 

A computational domain is the spatial region where numerical simulations are performed, often defined by boundary conditions 

and discretized into smaller elements for computational analysis. 

 

 Computational Domain Parameters:- 

 

Table 2: Computational Domain Size 

Size 

X min -0.459 m 

X max 0.788 m 

Y min -0.071 m 

Y max 0.447 m 

Z min -0.292 m 

Z max 0.969 m 

X size 1.247 m 

Y size 0.518 m 

Z size 1.261 m 

 

VII. BOUNDARYCONDITIONS 

 
The General Boundary Conditions; 

 

For Blended and Raked Winglets Are:- 

 The free stream velocity has been maintained from 50m/s to250m/s 

 The density of the air1.225kg/m³. 
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 Atmospheric Pressureis101325Pa. 

 Air is considered as Working fluid. 
 Wall: Stationary Wall. 

 

 
Fig 5:  Velocity Contour of Raked Winglet at Velocity 250m/s. 

 

After solving we got the velocity contour with variation on the surface of the wing and winglet in figure 5. 

 

 
Fig 6: Pressure Contour of Raked Winglet at Velocity 250m/s. 

 

After solving we got the pressure contour with variation on the surface of the wing and winglet in figure 6. 
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Fig 7: Stream Lines for Wing with Blended Winglet Velocity at 250m/s 

 
Stream lines for winglet velocity are obtained in the figure7. 

 

VIII. RESULTSANDGRAPHS 

 

Table 3 :  Wing with Raked Winglet. 

Velocity Lift force Drag force L/D 

50 56.7 31.55 1.79 

100 188.43 113.2 1.65 

150 526.3 297.18 1.77 

200 936.04 560.54 1.66 

250 2076.75 1090.10 1.90 

 

Table 3 The wing with raked winglet is tested for various velocities (50,100,150,200,250m/s) and obtained the different contours 

for pressure velocity. 

 

Table 4 Wing with Blended Winglet 

Velocity Lift force Drag force L/D 

50 37.80 22.2 1.69 

100 188.43 113.52 1.65 

150 393.73 253.48 1.55 

200 497.97 461.73 1.07 

250 1079.11 888.89 1.21 

 

Table 4 The wing with blended winglet is tested for various velocities (50,100,150,200,250m/s) and Obtained the different 

contours   for pressure  velocity. 

 

Comparison of lift force drags force and L/D for blended and raked winglets. 
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Fig 8: Lift Force v/s Velocity for Wing with Blended and Racked Wing Let. 

 

 
Fig 9: Drag Force v/s Velocity for Wing with Blended and Raked Winglets. 
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Fig 10:  L/D v/s Velocity for Wing with Blended And Raked Winglets. 

 

IX. CONCLUSION 

 
The parasite drag and induced drag assumes an 

imperative part in the formation of total drag which decreases 

the efficiency of aircraft. Different states of winglets are being 

utilized by Boeing and Airbus. Numerous literary works have 

been outlined and every single kind of winglets performance 

has been examined and chosen a wing with blended and raked 

winglet idea to expand the streamlined performance. The 
blended and raked winglet has liberal streamlining in vortices 

concealment. In the venture we have demonstrated blended 

and raked winglet utilizing solid works software and 

mathematical analysis is likewise finished in solid works 

software. Cl/Cd values for wings with raked winglets are 

higher than those for wings with blended winglets. 
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