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Abstract
Micro Air Vehicles (MAVs) are small and undetectable, with a wing span of around 150mm and weighs 200 grams. Over the past
decade, MAVs are gaining importance in research due to their unique capability. They are untraceable by humans at 100m above
the ground level. In MAVs airfoils play a major role to maximize the lift and minimize the drag forces. In the present work two
airfoils of different configuration have been selected. Modeling has been done using solid works, by plotting coordinates of the
airfoils specified by NACA. For both the configurations of airfoils Polyethylene Terephthalate material was selected due to its
light weight and impact resistant properties. Static and dynamic analysis has been taken up to investigate the behavior of selected
configurations. At the end, most optimum shape of airfoil is suggested.
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1. INTRODUCTION 03 g ?  — :

Micro aerial vehicles are very small, having the aspect ratio
of 1tol.5, and operate at relatively low Reynolds
Numbers [1]. There are three types of MAVs. They are
fixed wing, flapping wing and rotary wing. Over the past
decade, MAVs have received an increasing amount of e : T—
attention due to their unique capabilities in missions such as ORL 1 f i By
covert imaging, biological and chemical agent detection, B e o s e
battlefield surveillance, traffic monitoring and urban 01t ' :
intelligence gathering. MAVs generally fly in the Reynolds
number (R.N,, range of 1000 to 120000. Their performance
is poor at low R.N,s due to induced losses. A good airfoil
choice for MAVs will try to accomplish several goals such - i : ‘
as to delay the onset of the laminar separation and therefore 0 o1 0z 03 04 05 06 07 08 02 1
flow separation, to achieve a maximum lift coefficient and Fig-1: Airfoil Of R140

to keep induced as well as profile drag at a minimum. The
theoretical investigation carried out in this study has
emphasized the design optimization of fixed wing of Micro
Air Vehicle. Several areas need to be carefully considered ozf ]
for the selection of a practical airfoil, including
aerodynamics. The salient features of using MAVs have orf -
resulted in the establishment of some researches towards the ] T
optimization and enhancement of airfoils [2]. The first i
comprehensive research on MAV was conducted in 1993 by " T
RAND institution. [3,4].
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2. SELECTION

Airfoils for MAV which hovers at a height of 100m from
the ground are selected for a Reynolds Number of 45000. &3 i ‘ | ‘ | ‘ ‘ ‘ i
For the selected height and stipulated Reynolds Number T T
R140 and E203 as shown in Figs 1 and 2 have been selected Fig-2: Airfoil of E203

for investigation. Other test conditions are

0.2f

3. MODELING

. . 3

Density of air = 1.225 Kg/m The coordinates for the selected airfoils have been obtained
Velocity of air = 15m/s from NACA. The chord lengths for MAV are 125mm at the
Pressure = latm root and 100mm at the tip. Coordinates for chord length of
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125x100mm have been established. The airfoils are modeled
in SOLID WORKS and drawn using curve through
coordinates option. Loft command is used to model the
airfoil as a solid object as shown in Fig.3.
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Fig-3: Modeling using loft command

4. MESHING

Volume Tetra element is selected and meshing of the airfoil
as shown in Fig.4 and subsequently surface meshing is
verified using mask command, as shown in Fig.5.

Model Info: CHAVRKY

Fig-4: Volume tetra mesh
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Fig-5: Mask image

5. Load Calculation

The load on the airfoil is the combination of lift and drag.
For the analysis only lift force is considered as it deviates
the drag force and which will be perpendicular to the cross
section of airfoil. The lift load is obtained using Kutta —
Joukowski equation, as given below.

F=( p*V*L*T")
Where F= Force, p= Density, V= Velocity, L= Span, ['=
Circulation.

6. ANALYSIS

For the static and dynamic analysis, the calculated load is
applied uniformly over all the nodes, by fixing an end of the
airfoil.

7. RESULTS

Maximum stress and displacement of E203 are shown in
Fig.6 and Fig.7 and natural frequencies are presented in
Table.1.

Fig-6: Maximum Stress
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Fig-7: Maximum Displacement

Table-1: Natural Frequencies of E203
Frequency
SUBI1-F1=6.05302E+02
SUBI1-F2=1.26551E+03
SUB1-F3=2.40485E+03
SUBI1-F4=2.54152E+03
SUBI1-F5=2.85621E+03
SUBI1-F6=3.24924E+03
SUBI1-F7=4.20052E+03
SUBI1-F8=4.52728E+03
SUB1-F9=4.99478E+03
SUBI1-F10=5.10725E+03
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Fig.8 and Fig.9 shows the maximum stress and maximum
displacement of R140 and natural frequencies are presented
in Table.2.

Fig-8: Maximum Stress
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Table-2: Natural Frequencies of R140

.no Frequency
SUB6-F1=5.57019E+02
SUB6-F2=1.05592E+03
SUB6-F3=2.16667E+03
SUB6-F4=2.44012E+03
SUB6-F5=2.85378E+03
SUB6-F6=2.89090E+03
SUB6-F7=3.89946E+03
SUB6-F8=4.39612E+03
SUB6-F9=4.86644E+03
SUB6-F10=5.05874E+03
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8. CONCLUSIONS

The aim of the investigation is to optimize the shape of
MAV airfoil which hovers at a height of 100m. Based on
Reynolds Number, parameters are selected for analysis to
suggest an optimum airfoil. From the results it can be
concluded that E203 airfoil is efficient than R140 under
stipulated operating conditions.
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