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Abstract - The possibility of fluid injection winglets for reducing 
drag without increasing the wingspan of aircraft was 
investigated in this research. The study used a rectangular 
baseline wing made of NACA 0012 cross-sectional airfoil with 
zero-twist and a slot at the wingtip for fluid injections. The 
commercial CFD tool ANSYS Fluent solver was used to do the 
computational analysis. For the analysis, numerous parameters 
such as vertical and downward injection methods, injection 
velocity range, and range of angles of attack are taken into 
account. The injection velocities and aerodynamic 
characteristics such as coefficient of lift, drag, and L/D ratio are 
shown to have a strong relationship in this simulation. There 
was an improvement in the distribution of pressure around the 
wingtip. The reduction of wingtip vortices induced by vertical 
fluid injection causes a significant increase in the L/D ratio. In 
comparison to the upward injection method with increased 
angles of attack, the results reveal that downward fluid injection 
is better at enhancing aerodynamic efficiency. 
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1. Introduction 
Aircraft engines discharge gases and airborne 

particles predominantly into the upper troposphere and 
lower stratosphere, changing the composition of the 
atmosphere. These chemicals and particulates influence 
the concentrations of greenhouse gases, such as carbon 
dioxide (CO2), ozone (O3), and methane (CH4), as well 
as the formation of condensation trails (contrails) and 
cirrus clouds, contribute to climate change. In addition, 

fuel prices are soaring. As a result, reducing fuel usage in 
aircraft becomes critical. 

A significant amount of research is being done to 
find ways to reduce specific fuel consumption. 
Researchers are working to reduce fuel usage by 
designing lighter, more efficient engines. To minimize 
the weight of the aircraft, lighter weight and higher 
strength aircraft materials are being used. Additionally, 
small, lightweight wireless transceivers are being 
investigated as a possible replacement for wiring in 
some non-avionic systems, such as those that regulate 
cabin illumination, cabin pressure, landing gear, and 
door sensors. Reducing an aircraft's lift-to-drag ratio can 
improve its aerodynamic efficiency while also lowering 
its weight and fuel consumption. Engineers are 
experimenting with new designs that will aid in the 
reduction of drag. 

An aircraft designer's primary objective is to 
improve aerodynamic efficiency. The contour of an 
airfoil, lifting surfaces, the airfoil's orientation to the 
flow, air density and viscosity, compressibility effects, 
freestream velocity, and the surface area over which the 
air flows all influence lift generation. One of the major 
contributors to overall drag is a lift-induced drag, which 
can be reduced by weakening the trailing vortices. In 
1970, the author [1] investigated the late-nineteenth-
century winglet design patented by F W Lancaster. 
Winglets were shown to minimize induced drag by 
around 20% and boost the lift-drag ratio by roughly 9%, 
as per this research. The wind tunnel studies indicated 
increased aerodynamic and cruise efficiency by 
incorporating winglets on wingtips. Since then, several 
different types of winglet designs have been studied to 
improve aerodynamic performance. 
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Aspiroid-tipped wing [2, 3] that bends upward by 
360 degrees to form a ribbon and multi-element winglets 
[4-7] with varied cant angles and element configurations 
that mimic birds were developed. Qualitative and 
quantitative optimization evaluations on blended 
winglets and split blended wings have been investigated 
to increase wing performance [8-12].  The author [13] 
implemented winglets on a saucer-shaped plane that 
was manufactured by integrating the fuselage and the 
wing. When a sweep-back fin-shaped winglet is added, 
the lift-to-drag ratio rises by 75%, and the coefficient of 
lift enhances as well. The study also discovered that 
employing the winglets improves load capabilities and 
lateral stability in flight tests. All of these research point 
to an increase in aerodynamic efficiency. 

Winglets are a structural change that serves as a 
permanent attachment for the complete flight envelope. 
Winglets are effective at reducing induced drag; 
nevertheless, the addition of winglets may result in an 
increase in drag due to surface friction. Retrofitting the 
winglets can change the handling characteristics [14]. 
Because of aeroelastic effects, the wing twist changes, 
affecting the aircraft's performance. The effect of the 
winglet on long-range aircraft was studied by the 
authors [15-17]. According to this study, winglets cause 
flutter and add extra mass to the wingtips, which causes 
rolling inertia and increases the bending load. 

During steady-level flight, the angle of attack is 
low. As a consequence, the contribution of induced drag 
to the total drag is reduced. Though, due to the increased 
angle of attack, it makes a significant contribution during 
landing and takeoff. As a result, when the necessity 
arises, it is wise to use a winglet. This is impossible to 
achieve with a permanent winglet. The influence of 
fluidic winglets on the aerodynamic efficiency of the 
wing on demand was examined by the authors [18]. Fluid 
is injected into flow in a horizontal direction at the 
wingtip in the reference [18]. 

In this study, an on-demand solution, a fluidic 
winglet, is investigated as a replacement for a permanent 
winglet. The fluid will be pushed in a vertical direction 
(both upward and downward) at the wing's tip. The flow 
at the wingtip will be altered when the fluid is injected 
vertically. A computational investigation was performed 
to determine the impact of introducing fluid on-demand 
at the wingtip in the vertical direction. 

 

2. Model Geometry 
The main platform on which the fluidic winglets 

will be placed is a rectangular,  untwisted,  no dihedral, 

and unswept airfoil geometry developed with a NACA 
0012 profile. This will be referred to as the baseline 
wing. The wing will have a chord of 100 mm and a span 
of 300 mm. An aspect ratio of 3  was considered. Figure 
1 depicts the airfoil section of the wing under 
consideration. The slot on the upper and lower surface of 
the wing is 2 mm wide at the tip. As shown in Figure 3, 
the injection slot is generated from the leading edge to 
the trailing edge. 

 
 
 
 
 
 
 

 
Figure 1. Aerofoil section of the wing - NACA 0012 

 

 

 

 

 

 

Figure 2. 3D wing model 

                 
 
  
 
 
 

 
  

  
 
 
 
 
 
 
 
 

 
 

Figure 3. Wing with injection slot 
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3. Computational Details: Computational 
Domain, Mesh, Boundary Conditions, And 
Solution Methods 

The cartesian coordinate system is used to define 
the domain. The wing's trailing edge, topside, and 
wingtip were pointing in the direction of X, Y, and Z, 
respectively. The inlet, outlet, top, and bottom domain 
boundaries were positioned 5c, 8c, and 3c from the 
trailing edge of the root of the wing, respectively. The 
letter c stands for chord length. 2c is the distance 
between the wingtip and the sidewall. This rectangular 
domain is analogous to the test section of the wind 
tunnel. For the analysis, the control volume for the 
baseline wing, with and without fluid injection, is 
identical. 

For the computational study, an unstructured 
mesh formed of tetrahedral elements was constructed 
using cutting-edge grid generating tools. Since the 
gradient in flow properties like velocity and pressure are 
high near the wing, a fine mesh is generated around the 
wing surface using the sphere of influence method, and 
the flow properties gradient is so small far away from the 
wing surface, a coarse mesh is used in this area. Inflation 
layers have been given to capture gradient information 
at the fluid-surface boundaries. Figure 4 shows an image 
of the computational domain. 
 

 

                                                   

 

 

 

 

 

  

 

 

 

 

Figure 4. Computational domain and meshing 

For the upstream boundary, a velocity inlet 
boundary condition was employed, with inlet velocity, 
turbulence intensity, and length scale values specified. 

The outlet boundary was subjected to a pressure far-field 
boundary condition, while the rest of the domain faces 
were treated as slip walls. The velocity and ambient 
pressure at the inlet are 20 m/s and 1 atm, respectively. 
The injection slot has a velocity inlet, as indicated in 
figure 5. 

The numerical study was done using the CFD tool 
ANSYS Fluent software. The k-epsilon turbulence model 
has been chosen to simulate the flow characteristics. 
This model can be used to produce an acceptable 
boundary layer solution. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Boundary conditions 
 

4. Results and Discussions 
The baseline wing, set at an AOA of 10 deg, is being 

used for validation in this case. This flow case has 
previously been shown by Ananda GK, Sukumar PP,  & 
Selig MS [19], as an experimental work in the wind 
tunnel for various wings with aspect ratios ranging from 
2 to 5. The numerical results, on the baseline wing, with 
the K-Epsilon turbulence model were solved using the 
ANSYS package. The lift and drag coefficients are directly 
obtained by the post-processor. Table 1, compares the 
drag and lift values produced from numerical 
simulations with the experimental results. Due to better 
mesh quality, the CFD results are in extremely good 
agreement with the experimental data, as shown in table 
1. 
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Table- 1. Validation of CFD results with Experimental result 

Coefficients Experiment result [19] CFD result 
CL 0.6 0.654 
CD 0.12 0.1107 

 

4.1 Baseline 
The pressure contours, for the baseline wing at a 

10o angle of attack, can be seen in Figure 6. It is clearly 
visible on the bottom surface of the baseline wing, the 
pressure at the leading edge is increased. However, on 
the top surface, the pressure is comparable with the 
ambient pressure at the leading edge. This suggests that 
the flow accelerates faster on the upper surface 
compared to the lower surface of the wing. Figure 7 
illustrates the pressure distribution on the top surface of 
the baseline wing along the chord length, which confirms 
the increase in flow speed. On both the top and bottom 
surfaces of the baseline wing, the pressure distribution 
after the leading edge shows a considerable decrease in 
the downstream direction before returning to its 
reference freestream pressure values. Nevertheless, the 
pressure contour implies that the pressure is equalized 
on both the upper and lower surface by the time it 
reaches the trailing edge.  
 
 
 
 
 
 
 
 
 
                           a)                                                         b) 

Figure 6. Pressure distribution on (a) top (b)bottom surface 
of baseline wing at α= 10o 

 

Figure 8 shows a comparison of pressure 
distribution at two-span positions on the top surface of 
the baseline wing. Except at the leading and trailing 
edges, the pressure at the wingtip is nearly constant 
along the chord length. This is in contrast to the pressure 
distribution in the middle section of the wing, which 
appears to be normal. 

 

Figure 7. Pressure distribution on the top surface of baseline 
wing at α= 10o 

 

A small vortex can cause such a flow near the tip of 
the wing, which swells in size as it moves downstream. 
The flow downstream appears to change direction along 
the wingspan towards the wingtip due to the presence of 
the wingtip vortex. 

 
Figure 8. Comparison Pressure distribution on the top surface 

at two-span locations of baseline wing at α= 10o 
 

4.2 With fluid Injection 
The fluid is injected into the airstream from the 

slots created at the wingtip. The numerical simulation 
was carried out for fluid injection velocities of 10 m/s, 20 
m/s, 30 m/s, and for three angles of attacks 6 deg, 8 deg, 
10 deg. The fluid was introduced into the stream under 
two conditions: (i) the flow enters the stream through 
the upper slot only (ii) the flow enters the stream 
through the lower slot only. Figure 9(a) shows the 
pressure contour on the top surface of the wing with a 
fluid injection velocity of 30 m/s in an upward vertical 
direction. The wing is set at an angle of attack of 10o. It 
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appears that the injection of fluid at the wing tip alters 
the pressure distribution around the tip. 

The pressure distribution without injection, with 
upward and downward injection velocities of 30 m/s and 
at an angle of attack of 10o and midspan (z = 150 mm) 
location is shown in figure 10. The pressure distribution 
for baseline wing (without injection), and wing with 
upward and downward injection velocity is comparable. 
However, at the wingtip, there are large variations in 
pressure distributions for baseline wing and wing with 
slots as illustrated in figure 11. The vortex strength is 
reduced near the tip due to the presence of fluid injection 
at the tip. It is also noted that the flow is unaffected at the 
midsection. 

 
 
 
 
 
 
 
               
                          a)                                                        b) 

Figure 9. Pressure distribution on (a) top surface and (b) 
bottom surface of the wing with 30 m/s injection velocity at 

α= 10o 
 

 

Figure 10. Effect of injection on Pressure distribution at z = 
150 mm at α=10o 

 

Figure 11. Effect of injection on Pressure distribution at the 
tip at α= 10o 

 
 
 
 
 
 
 

a)                                                         b) 
Figure 12. Streamlines near the tip of the wing 

 a) baseline b) with injection at 30 m/s 

 
4.3 Variation of aerodynamic coefficients 

The variation of lift and drag coefficients and lift to 
drag ratio for various speeds and AOA’s with upward 
injection velocities are illustrated in figures 13 to 15. It 
can be noted that, for all angles of attack, the lift remains 
constant while the drag decreases slightly as injection 
velocity increases for the case of vertically upward fluid 
injection. The drag reduction is over 20%. This implies 
that there is a reduction in drag due to the trailing vortex. 
Consequently, the lift-drag ratio increases as the fluid 
injection velocities increase for all angles of attack. 
However, there is an increase in lift coefficient in the case 
of downward fluid injection when the injection velocity 
increases as shown in figure 16. Figure 17 depicts the 
variation of coefficient of drag to increase in downward 
fluid injection velocities which shows a reduction in the 
drag coefficient. This causes a significant increase in 
CL/CD as shown in figure 18. 
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Figure 13. Variation of CLwith upward injection velocities           

 
Figure 14. Variation of CDwith upward injection velocities 

 

Figure 15. Variation of CL/CD ratio with upward injection 
velocities 

 
Figure 16. Variation of CL with downward injection velocities 

 
Figure 17. Variation of CD with downward injection velocities     

 
Figure 18. Variation of CL/CD ratio with downward injection 

velocities 
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5. Conclusions 
Using a numerical technique, the effect of fluid 

injection, which uses a slot at the wingtip to inject fluid 
vertically in an upward and downward direction, on the 
efficiency of a 3D wing at velocities of 10 m/s, 20 m/s, 
and 30 m/s was investigated at angles of attack of 6 deg, 
8 deg, and 10 deg at velocities of 10 m/s, 20 m/s, and 30 
m/s. At angles of attack of 6 degrees, 8 degrees, and 10 
degrees, the CL remains constant for all upward injection 
velocities. In the event of downward injection velocities, 
however, the CL value increases. At all angles of attack, 
the coefficient of drag decreases with the increase in 
fluid injection velocities in both situations. 

The numerical study suggests that the wingtip 
with upward and downward vertical injection systems 
will produce better lift coefficient characteristics when 
compared to the horizontal injection system. In turn, lift-
drag ratios are enhanced. However, the drag coefficient 
is larger for the vertical fluid injection system in 
comparison with the horizontal injection system at 
lower angles of attack. Henceforth, it can be established 
that horizontal injection systems are superior at lower 
angles of attack, whereas vertical injection systems are 
better at higher angles of attack. When done 
appropriately, the fluid injection can be a great 
alternative to typical wingtip devices. 
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