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Abstract. Wingtip Vortices are a swirling vortex of air left by wings when it generates
lift, but it also generates downwash that is the consequence of lift generation in three
dimensions. Usually, winglets are used to alleviate this problem. But by observing and
mimicking biological processes, many solutions might come out. One of them is by ob-
serving the shape of the wingtip of an Albatross bird that can change its wingtip angle or
semi aeroelastic hinged wingtip. This is done with the hope that the shape of the wing
increase lift/drag, decreases parking space needed for aircraft, and also increases stability
and maneuverability. This idea of an adaptive wingtip might potentially be a beneficial
design especially for aircraft that focuses on endurance like MALE UAV LSU 05. There-
fore, further investigation is needed to study the effect of an adaptive wingtip, especially
the aerodynamics with the help of computational fluid dynamics (CFD). But the positive
effect generated by adaptive wing for the vortices are not conclusively seen in the case of
LSU 05 UAV. This is because Lift/Drag value is lower than that of the conventional wing.
It is possible that the use of winglets is superior than an adaptive wingtip.

Keywords: Vortices, Albatross, Adaptive Wingtip, UAV MALE LSU 05, Computa-
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1 Introduction

Wingtip Vortices are spinning airflow left by wings when it generated lift. Wingtip Vortices are linked
with induced drag, which are one of the consequences of lift generation in 3 dimensions. According to
the Biomimicry Institute, the Albatross bird is the bird that has the longest wingspan of any bird, up to
12 feet or about 4 meters. And according to observations from Airbus, the Albatross can "lock" wings
on its shoulders to fly long distances using little energy. But when the wind increases in speed, the
shoulder wings can be "unlocked" so that the Albatross can better navigate in conditions of high wind
speeds. The shape-shifting wingtip has a similar concept to the bird.

The shape of the wingtips that can change angle or semi aeroelastic hinged wingtips is inspired by
Albatross birds and is called adaptive wingtip. This is done in the hope that this shape can potentially
reduce the loss of lift caused by wingtip vortices, increase lift/drag, reduce the parking space needed by
aircraft, and improve stability and maneuverability.

1.1  Research Objective

The main purpose of this research is to find if implementing adaptive wingtip idea has the potential to
be an advantageous design, especially for aircraft that prioritize endurance such as UAV MALE or
Medium Altitude Long Endurance Unmanned Aerial Vehicle such as LSU 05 developed by LAPAN.
Therefore, this research is done to investigate the effects of adaptive wingtips, especially in the aerody-
namics section using the Computational Fluid Dynamics (CFD) approach.
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2 Research Methods

The research methods carried out in this research process are as follows:
A. Literature Method
The Literature Method is a method used by the author in searching for data, references, journals and
theories related to the research conducted by the author. Some of the sources used by the author include
books, journals and scientific articles that have a similar theme to the title to be raised.

Similar solution has come up which aimed to improve aecrodynamics performance of aircraft. A study
published in Biomimetics [8] suggest that an adaptive wingtip can reduce drag of a wing by 1,3% on
average and increase lift-to-drag ratio by 6,1% by using Computational Fluid Dynamics Analysis [8].

B. Computational Fluid Dynamics (CFD) Method

The Computational Fluid Dynamics method is a method of searching for aerodynamic data using a
computational approach. This is done because this computational method has the advantage of saving
the resources needed when compared to experimental methods that require physical models of test ob-
jects and test equipment in the form of wind tunnels.

2.1  Turbulence Model and Smagorinsky Turbulence Model

In fluid dynamics, turbulence modeling is the construction and use of a mathematical model t predict
the effects of turbulence. Turbulent flows are commonplace in most real-life scenarios. In spite of dec-
ades of research, there is no analytical theory to predict the evolution of these turbulent flows. The
equations governing turbulent flows can only be solved directly for simple cases of flow. For most real-
life turbulent flows, CFD simulations use turbulent models to predict the evolution of turbulence. These
turbulence models are simplified constitutive equations that predict the statistical evolution of turbulent
flows [20].

Large eddy simulation (LES) is a mathematical model for turbulence used in computational fluid
dynamics. It was initially proposed in 1963 by Joseph Smagorinsky to simulate atmospheric air currents.
[15]. The underlying principles of using LES modeling for reduce the need for compute by ignoring the
scale that small, where the computing price is high. This is done by How to use a Low-Pass Filtering
for Navier equations Stokes in the form of averaging spatial and temporal values, so that ignoring small-
scale information from numerical calculations. This is done using Smagorinsky Coefficient. If the size
of the diameter of the eddy formed on the sub grid element smaller than the length of the element cell
multiplied by Smagorinsky Coefficient, then the eddy will be ignored. Here is the equation used to
ignore eddy who Formed.

L=Cs A
Where:
¢ = Eddy Diameter (m)
s = Smagorinsky Coefficient
A = Element Cell Length (m)

2.2 Research Object

The object of research is the object that is traced to the research conducted. The object of the research
is a UAV that falls into the MALE (Medium Altitude Long Endurance) category called LSU 05 devel-
oped by LAPAN. The specifications of the LSU 05 UAV are listed on Table 1 [9]
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Table 1. Specification of the research object [9]

Wingspan 5,5 meter
Length 4,1 meter
Height 1,13 meter
MTOW 75 KG

Empty Weight 31 KG
Payload 30 KG
Fuel 16 KG
Take off Ground Run 60 meter
Landing Ground Run 83 meter
Rate of Climb 182 meter / sec
Range 240 - 800 km
Endurance 8 hours
Max Altitude 3657 meter
Cruising Altitude 1000 meter
Cruising Speed 26 m/s

Furthermore, for the specification of the wings of LAPAN LSU 05 itself is on Table 2 which refers
to a study conducted by A. Romadhon and D. Herdlana. [14]

Table 2. Specification of the wing of the object

Wing Span 5,5m
Wing Area 3,246 m"2
Chord Root 0,714 m

Chord Tip 0,44 m
Taper Ratio 0,616
Aspect Ratio 9,32
Twist Angle 0°
Swept Angle 0°

Airfoil NACA 4415

2.3 Research Process

23.1 Geometry
Ansys Spaceclaim is used to create, inspect and modify the geometry used in the simulation. The wing
configuration used by LSU 05 using NACA 4415 Airfoil. Fig. 1 is the geometry generated.
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Fig. 1. Geometry of the wing generated

232 Mesh Parameters and Results
Meshing is used to define the method and quality of the mesh elements to be simulated. The geometry
of the air volume to be simulated can be defined in the shape of the mesh so that the volume can be
recognized by the computer.

Surface Sizing is used to define the mesh size on the surface surrounding the geometry of the wing.
The surface surrounding the geometry is called wall.

Table 3. Surface Sizing Parameters

Surface Sizing

Definition
Type Element Size
Element Size 10 mm
Advanced
Defeature Size 0,7 mm
Influence Volume No
Growth Rate 1,2
Capture Curvature Yes
Curvature Normal Angle 1 Degree
Local Minimum Size 1,4 mm

Inflation is used to create a mesh layer surrounding the wall surface to capture boundary air layer.
It is made out of multiple layers of mesh in which sizes are defined with the parameters in Table 4.
Multiple layers of Mesh is then generated shown in Fig. 2.

Table 4. Inflation Parameters

Inflation
Inflation Option First Layer Thickness
First Layer Height 1 mm
Maximum Layers 10
Growth Rate 1,2

Inflation Algorithm Pre
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Fig. 2. Surface Layer Generated in the Mesh

2.3.3 Pre-Processing

Fluid Parameters is determined by using parameters of altitude, surface temperature of Indonesia which
according to Indonesian Meteorology, Climatology, and Geophysical Agency [18] and then calculated
using ISA Calculator [19]. Table 5 are the parameters generated by using ISA Calculator.

Table 5. ISA Calculator Parameters

Altitude 1000 m
Surface Temperature 27 Celsius
Temperature 20,5 Celsius
Pressure 0,886993 ATM
Density 1,06622 kg/m"3
Speed of Sound 343,526 m/s
Dynamic Viscosity 1,83940. 10”5 N.s/m"2

Fluid Domain parameters is defined according to ISA Calculator generated from Table 5. Table 6 is the
parameters set in the fluid domain.

Table 6. Domain Parameters

Fluid Parameters

Material Air Ideal Gas
Morphology Continuous Fluid
Reference Pressure 0,886993 ATM
Heat Transfer
Heat Transfer Option Isothermal
Fluid Temperature 20,5 Celsius

Turbulence Model

Turbulence Option LES Smagorinsky

Smagorinsky Constant 0,1
Domain Initialization
Velocity Type Cartesian

Velocity Option Automatic with Value

Velocity X 26 m/s

Velocity Y 0 m/s

Velocity Z 0 m/s
Static Pressure Option Automatic with Value

Relative Pressure 0 ATM

Boundary Condition are the parameters set to define boundary condition such as inlet, opening, outlet
and wall. Table 7 is the parameters set on said boundaries.
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Table 7. Boundary Condition Parameters

Boundary Conditions

Inlet Velocity 26 m/s
Opening Pressure and Direc- Relative Pressure: 0
tion ATM
. Relative Pressure: 0
Outlet Static Pressure ATM
Wall Mass and Momentum No Slip Wall
Wall Roughness Smooth Wall

Solver Control and Convergence Criteria parameters are set to define the scheme of the simulation
and convergence criteria needed to hit on the numerical calculation. Table 8 is the parameters set.

Table 8. Solver Control and Convergence Criteria

Solver Control

Advection Scheme High Resolution
. Second Order Backward
Transient Scheme
Euler
Minimum Coefficient 1
Loop
Maximum Coefficient
100
Loop
Convergence Criteria
Convergence Residual
Root Mean Squared
Type
Convergence Residual | E-4
Target

2.3.4 Post-Processing
Visualization of the vortices generated can be seen by using Vortex Core Region while extracting on
vorticity value in Post-Processing. Fig. 3 is the visualization result.
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Fig. 3. Vorticity Pressure Visualization
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Results and Discussion

Lift Graph
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Lift / Drag Graph

Lift/Drag

12,8
12,6
12,47
12,4
12,2

12

11,8

11,74
11,6

11,4

11,2
30 Deg 15 Deg 0 Deg -15 Deg -30 Deg

—@—LIFT/DRAG (10%) =@=LIFT/DRAG (30%)

Conclusion

There are several conclusions that can be drawn from the results of the research based on the simulation
as follows. The effect produced by the addition of adaptive wing to the vortices formed by the aircraft
wingtip is that the positive effect is not visible in this study, this is because the resulting Lift and
Lift/Drag values are still superior for the 0 degrees configuration. Therefore, based on the results of the
graph carried out on the simulation, there has been no positive change in the value of lift and drag. In
addition to that, an adaptive wingtip system is a negative thing from the point of view of aerodynamic
force on a NACA 4415 on LSU 05.
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