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Abstract: - This research compares the efficiency of various winglet designs to reduce lift-induced drag by
altering the amount and distribution of vortices at the wingtip and with changes to the baseline wing's
aerodynamic properties. To explore the three-dimensional flow and vortex formation around the half wing,
computational simulations utilizing the Reynolds Averaged Navier-Stokes equations and the K-SST turbulence
model were run using Ansys Fluent R19.2. The simulation demonstrates that there is a significant correlation
between the wing's lift, drag, and pitching moment, as well as the size of the tip vortex. The redesigned wing
works distributes the vortices and minimizes drag. It was observed that optimizing the winglet tips was essential
for increasing the lift coefficient while lowering the contributions of frictional and vortex drag components. It
was observed that the lift increased with the winglet tips, the increase in frictional drag caused by the wetted
surface area is a barrier to aerodynamic efficiency. The findings indicate that the chevron-type tips is best in
reducing drag. It is outperformed by wings without chevron winglets in terms of lift-to-drag ratio. It is determined
that chevron tips are the best winglet as their aerodynamic efficiency is essential for increasing flight range and
endurance. Overall, it is observed that winglets are more efficient at lower aspect ratios and that a moderate aspect
ratio of 10 offers the greatest increase in aerodynamic efficiency.
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1 Introduction about by the integration of such wing-tip devices

largely depends on the wingtip design.
The Prandtl lifting line theory [1], states that the Whitcomb [2] experimentally explored the
lift created by the wing can be estimated by aerodynamic effectiveness of a wing tip sail, to
integrating the circulation throughout the wing, analyze the winglets to reduce the lift-induced
to understand the three-dimensional lift drag. Many tip-device combinations have
distributions across a wing. Owing to the wing's potential benefits; however, [3] studies that

finiteness, the circulation creates tip vortices, include all pertinent variables have not revealed
which are three-dimensional effects near the any one configuration to have a clear overall

wingtips, as seen in Fig. 1. These vortices create
lift-induced drag known as vortex drag. The lift-
induced drag impacts the three-dimensional
vortex flow around the wingtip region. Hence the
winglets can stop the flow on the upper surface

advantage over the others. On par with changes
that could result from the implementation of a
modified few locations on the wingtip can be
modified without having a significant effect on
performance. In general, a raked tip extension

of the wing from flowing over it, which will often be the most affordable choice. The
eliminates the wing tip vortices. As a result, the impact of wingtip vortices can be considerably
strength of wingtip vortices and the resulting lift- lessened with proper design. According to
induced drag would be reduced. Nevertheless, research [4], the two vortex cores that are created

the increase in aerodynamic efficiency brought when the split winglets bend in low-pressure
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areas may come together to form a single vortex.
This lone vortex travels in a straight line behind
the wing and interacts favorably with the other
components of the fuselage, increasing the
aircraft's range as shown in Figure 1.

Figure 1: Formation of tip vortices due to
secondary flows.

2 Problem Formulation

The commercial CFD tool Ansys Fluent 19.2 has
been used to simulate the exterior flow
aecrodynamics numerically. Using a second-
order centered difference technique for the
diffusive terms, the variable values are
interpolated at the face positions from their cell-
centered values. A second-order upwind
technique is used to interpolate the convective
terms at cell faces. The least squares cell-based
reconstruction approach is used to calculate the
gradients at cell centers. The usage of a multi-
dimensional gradient limiter prevents erroneous
oscillations. The SIMPLE method is utilized to
produce the pressure-velocity coupling, and the
default under-relaxation settings were employed.
The pressure checkerboard instability is avoided
by using the Rhie-Chow interpolation approach
since the solution occurs in collocated meshes.
For the turbulence modeling, k — ® and SST
model is used [5]. By resolving stable Reynolds
averaged three-dimensional Navier Stokes
equations, the current case's solution is sought.
The Spalart Allmaras, k - €, and k — ® and SST
RANS CFD models were taken into
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consideration before the k - omega shear stress
model was selected. This choice was taken after
taking into account how well the K-omega model
could depict the impacts of turbulence. This is
because the higher-order stress relaxation terms
were correctly predicted. The near-field viscous
sublayer is precisely captured in the k — ® SST
model developed [6, 7] by employing the more
computationally intensive k - € model in the
region next to the wall. Nevertheless, it employs
the k model, which utilizes comparatively fewer
resources for far-field applications, allowing for
greater flow resolution with the available
computing resources. The two-equation model
that was used in the current study's mathematical
formulation is stated as,

Turbulence Kinetic Energy
2 (pk) + 2 (pkw;) = P — B*pwk +
ac P ax; PRY P

aix,- [(u + O 1e) :—:j]
(1)

Specific Dissipation Rate

B B _ )
a(pw) + a—xj(pwuj) = ﬁltP — Bpw-k +

1 0k dw
w 0x; 0x;
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|t ouno 22| + 20 - o
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3 Methodology

The numerical analysis is performed using
computational fluid dynamics (CFD) on two
modified shapes of winglets: blended and raked.
To determine the significance of a winglet, the
results of these comparisons are made with wing
without winglets. The Ansys Fluent Solver is
used to do the CFD simulation for an angle of
attack range of (0°- 16°) with 4° as increment for
all models in low subsonic flow with Reynolds
Number of 676796 at standard atmospheric
condition.
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3.1 Model design and Mesh generation:

To attain a high aspect ratio, a planar
three-dimensional wing with a 3m span, 0.25
m chord at the root, and 0.2m chord at the
wingtip and 0.15m height of the blended winglet
was modelled using the NACA 2412 airfoil [8,
4]. The calculated wing area is 0.6 m?. It should
be mentioned that the majority of the studies in
the winglet area used the same approach to
design its geometry. The blended, raked, and
modified winglets depicted in Figure 2 & 3 are
attached to the baseline wing. The study's
winglet span is equivalent to 20% of the baseline
wing's wingspan by earlier research by many
authors [2,10,11], who recommended using
winglet span values between 10% and 20% of
the wingspan. All the winglet heights have been
maintained at 20% of the semi-wingspan for all
cases as suggested by [9] for maximum
efficiency. The NACA 2412 airfoil is used to
simulate each winglet and its tip while
preserving a zero-toe angle about the incoming
flow.

Figure2.a) Conventional wing
Figure b) Raked winglet 25°[12].

g
Figure 3 a) Blended winglet 30°

b) Raked winglet with chevron.

Tetrahedral elements are taken into account
while creating the mesh for the current
computational domain, which is refined from a
The initial coarse mesh of 0.15 million elements
is varied to a final mesh of 2 million elements..
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The solution was iterated and the mesh was
refined based on a grid-independent analysis
until all the forces were fully captured and there
was no increase in convergence with additional
mesh refinement. It has been noted that domains
with 1.6 million or more elements only modify
the drag coefficient at the fourth decimal place.
As a result, the converged grid for the current
investigation was chosen from a domain with 2.0
million cell components. Several wing
geometries also underwent the same type of
mesh independent testing as shown in figure 4.
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Figure 4: validation of conventional wing [4]

4 Results and Discussion

The computational domain's boundaries
are increased by six times the dimensions of the
model. The exterior wing surface is handled as a
no-slip fixed wall. The enclosure's edges are
regarded as walls with no shear. The inlet
velocity of 40 m/s, is given to the normal
boundary of the flow domain in front of the
leading edge of the aircraft wing. To account for
low-altitude flying regimes that would render the
wing more susceptible to stalling, a turbulence
intensity of 5% was chosen at STP. External air
pressure is set to zero-gauge pressure at the flow
domain's exit.
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Figure 5: C1 Vs AOA
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Figure 6: Cd Vs AOA

The blended chevron type provides a higher lift
coefficient at a lower angle of attack conditions
as shown in figure 5. Hence during the takeoff
and landing conditions, the winglets are
beneficial. The drag coefficient is also reduced
for the blended with chevron-type winglets
compared to conventional type as shown in
figure 6. The Pressure and velocity contours are
shown in Figure 7.
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Figure 7. Pressure and velocity contours of
conventional wing without winglets at 40m/s.

5 Conclusion

The wingtip modifications on the conventional wing
lead to significant changes in the aerodynamic
characteristics. The blended wing with chevron
modification results in an increase of lift/ drag ratio
compared to the blended and raked type winglets.
Further modification in changing the ratio of
different chevron types will be analyzed further.
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