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Abstract - The present study examines the numerical analysis of the effects of wingtip vertical fluid injection on the performance of a
3D wing. A wing configuration was chosen as a baseline configuration and a slot was created at the wingtip to inject the fluid vertically.
The investigation was performed at various incidence angles along with a range of fluid injection speeds. The reduction in wingtip
vortices, due to the presence of the vertical fluid injection at the wingtip, was observed. In turn, an improvement in pressure distribution
around the wingtip was apparent. With an increase in injection velocity, the drag values were seen to decrease. However, for all injection
flowrates, the lift-to-drag ratio increases. This alternate control method can be used to improve the aerodynamic efficiency of the wing
by reducing the induced drag.
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1. Introduction

In the present time, the major challenge in the aviation industry is reducing fuel consumption as fuel costs are constantly
increasing. To significantly limit fuel utilization, sufficient exploration has been done in past and at present far and wide.

The primary task of an aircraft designer is to improve aerodynamic efficiency. The profile of an airfoil and lifting device
influences the lift generation, which in turn, varies with changes in the angle of attack. The maximum lift-to-drag ratio occurs,
at a particular value of lift coefficient and the corresponding angle of attack. In steady level flight, the total drag is minimal,
consequently, the lift to drag ratio is maximum. Nonetheless, if the approach veers off from the one making the greatest lift-
to-drag ratio, then the lift-drag ratio reduces, in turn, increasing the total drag for a given lift of an aircraft. Based on Bernoulli’s
principle, the pressure on the upper surface is smaller and the pressure on the lower surface is higher on the wing. This
generates the pressure difference between the two surfaces of the wing. However, the pressure difference tries to equalize
itself at the wingtips, producing trailing vortices that generate induced drag.

The lift-induced drag is one of the key contributors to the overall drag and can be minimized by weakening the trailing
vortices. The author [1], in 1970, studied the winglet concept patented by F W Lancaster in the late 1800s. The investigation
has shown that winglets reduced the induced drag by about 20 percent and increased the lift-drag ratio approximately by 9
percent. Therefore, by implementing winglets on wingtips, the wind tunnel results predicted improved aerodynamic and
cruising efficiencies. To enhance aerodynamic performance, research on many kinds of winglet designs has been explored
ever since. Based on a biomimetic imitation Spiroid-tipped wing [2, 3] that bends upward by 360 degrees to form the large
rigid ribbon, and multi-element winglets [4-7], mimicking birds, with various cant angles and element configuration was
developed. To improve wing performance, qualitative and quantitative optimization analyses on blended winglets and split
blended wings have been investigated [8-12]. The author [13] used winglets on a saucer-shaped aircraft that is a result of
blending fuselage with the wing. When a sweep-back fin-shaped winglet is added, the ratio of lift to drag increases by 75
percent, and the coefficient of lift also increases by adding the winglet. The study also revealed, from flight tests, that the load
capability and lateral stability are improved by using the winglets. All these studies suggest improving aerodynamic efficiency.

Winglets, however, are a structural modification and thus form a permanent attachment present for the entire flight
envelope. Winglets are efficient in reducing the induced drag, though, there is a possibility of an increase in drag due to the
skin friction with the addition of winglets. Handling qualities can be affected by retrofitting the winglets [14]. The wing twist
alters because of aeroelastic effects and hence affects the performance of the aircraft. The authors [15-17] have examined
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the impact of the winglet on long-range aircraft. This research indicates that winglets create flutter issues and add extra mass
at the wingtips which in turn create rolling inertia along with the bending load.

The aircraft cruise conditions include a lower angle of attack in which the fraction of induced drag to the total drag may
not be significant. However, its contribution is considerable during landing and take-off due to the larger angle of attack.
Thus, it is prudent to utilize a winglet when the need arises. This cannot be accomplished with a permanent winglet. The
authors [18], investigated the effect of fluidic winglets on the aerodynamic efficiency of the wing on demand. In the reference
[18] fluid is injected into flow in a horizontal direction at the wingtip.

An on-demand solution, a fluidic winglet is explored in this paper as a substitute for a permanent winglet. At the tip of
the wing, the fluid will be pumped in the vertical direction. When the fluid is injected vertically, the flow at the wingtip will
be altered. To understand the impact of the introduction of fluid on-demand at the wingtip in the vertical direction, a
numerical analysis has been carried out.

2. Numerical Methodology
The baseline wing consists of a NACA 0012 aerofoil profile. The wing is designed to have a chord of 100 mm and a
span of 300 mm keeping the Aspect ratio 3. The aerofoil section of the wing considered is shown in figure 1.

-

Fig. 1: Aerofoil section of the wing - NACA 0012 Fig. 2: 3D wing model

Injection Slot

Fig. 3: Wing with injection slot

The CFD domain for the baseline wing, with and without fluid injection, is identical for the analysis. The slot dimension
is 2 mm at the tip on the upper surface of the wing. The injection slot is created from the leading edge to the trailing edge as
shown in figure 3.

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).
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Fig. 4: Computational domain and meshing

2.1 The Boundary Conditions

The wall boundary condition is applied to the surrounding walls and wing. Velocity inlet and outflow are used for inlet
and exit boundaries. The inlet velocity is 20 m/s and ambient pressure is 1 atm at the inlet. A velocity inlet is given for the
injection
slot as shown in figure 5.
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Fig. 5: Boundary conditions

3. Results and Discussions

In the present case, the baseline wing at 10° angle of attack with an aspect ratio of 3, is considered for validation. The
drag and lift values obtained from the numerical simulations of mentioned configuration are validated with [19]. Table 1
shows the comparison. The force values are obtained from the numerical analysis and the coefficient of forces is calculated

using the reference values.
Table- 1: Validation of CFD results with Experimental result

Coefficients Experiment result [19] CFD result
C. 0.6 0.654
Co 0.12 0.1107

3.1 Baseline

The pressure distribution for the baseline wing at an angle of attack, 10° is shown in figure 6. The pressure distribution
shows that it drops rapidly near the leading edge before regaining its previous values in the downstream direction. This
depicts the flow accelerating along the leading edge and then decelerating as it flows downstream (figure 7).
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Fig. 6: Pressure distribution on (a) top (b)bottom surface of baseline wing at o 10°
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Fig. 7: Pressure distribution on the top surface of baseline wing at a= 10°

A small vortex is seen in the flow near the tip of the wing, which increases in size as it travels downstream. The flow at
downstream is seen to change the direction along the wingspan towards the wing root, due to the action of the wingtip vortex.
This is seen in the comparison of pressure distribution at various span locations which is shown in figure 8.
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Fig. 8: Comparison Pressure distribution on the top surface at various span location of baseline wing at o= 10°

3.2 With fluid Injection

The top surface pressure distribution for the wing with injection at an angle of attack of 10° is shown in figure 9(a). Near
the tip, the pressure distribution seems to be altered by the presence of the injection. A minor variation could be observed in
the pressure distribution on the bottom surface of the wing as shown in figure 9(b).
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The comparison of pressure at z = 150 mm and tip, with and without injection, at an angle of attack of 10° is shown in
Figures 10 and 11 respectively. In figure 10, it is observed that the pressure distribution along the chord on the baseline wing
is comparable with the wing having an injection velocity of 30 m/s. However, at the tip of both wings, a significant variation
in the pressure distribution is noticed as depicted in figure 11. This indicates the effect of injection at the tip. Due to this effect,
the vortex strength is reduced at the tip, nevertheless, the flow is undisturbed at other locations on the span. The streamlines
near the tip of both the wing configurations are shown in figures 12 (a) and (b) respectively. The difference in streamlines
indicates that the injection is altering the streamlines which helps to achieve a reduction in induced drag.
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Fig. 9: Pressure distribution on (a) top surface and (b) bottom surface of the wing with 30 m/s injection velocity at o 10°
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Fig. 10: Effect of injection on Pressure distribution at z = 150 mm at a=10°
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Fig. 11: Effect of injection on Pressure distribution at the tip at . 10°

135-5



1/, / — ,/,/ / a)
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3.3 Variation of aerodynamic coefficients

The variation of coefficient of lift, coefficient of drag, and their ratio for all the configurations are shown from figures
13 to 15. The lift remains constant and the drag values decrease with the increase in injection velocity for all the angles of
attack. The key thing to note here is that the drag can be decreased by almost 20 percent by fluid injection. Since the

coefficient of lift remains constant and the L/D ratio slightly increases with an increase in fluid injection velocities as there
is a decrease in coefficient of drag.
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Fig. 13: Variation of lift with injection velocities Fig. 14: Variation of drag with injection velocities
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Fig. 15: Variation of L/D ratio with an injection velocity
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4. Conclusions

The effect of fluid injection, where a slot is used at the tip of the wing to inject the fluid vertically at the wingtip, on the
efficiency of a 3D wing at velocities of 10 m/s, 20 m/s, and 30 m/s was analyzed using the numerical approach at angles of
attack 6°, 8°, and 10°. It is observed for angles of attack 6°, 8°, and 10°, the C. remains constant for every injection velocity.
Comparing with the previous numerical investigation on horizontal injection system, vertical injection system has better C,
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characteristics. In turn, better L/D ratios. However, the drag coefficient is high for vertical fluid injection systems in
comparison with horizontal injection systems at lower angles of attack. Therefore, the authors conclude that at lower angles
of attack horizontal injection system can be used while at higher angles of attack vertical injection system can be used.
Careful usage of fluid injection can be a good replacement for conventional wingtip devices.
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