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Abstract— The paper presents a study of micro air vehicles
(MAV's) with wingspans of 20 cm with two different airfoil
configurations. MAVs have a vast potential application in
both military and civilian areas. These MAVs are fully
autonomous and supply real-time data. The paper focuses
on two different designs of the MAV’s one being N22 airfoil
and the other a flat plate with similar dimension. As
designed, the MAI" would fly in a low Reynolds-number
regime at airspeeds of 15 & 20 m/sec. Propulsion would be
provided by an electric motor with an advanced lithium
polymer battery, because of the close coupling between
vehicle elements, system integration would be a significant
challenge, requiring tight packaging and multifunction
components to meet mass limitations and Centre of Gravity
(C.G) balancing. These MAl's are feasible and within a
couple of years of technology development in key areas
including  sensors, propulsion, Aerodynamics, and
packaging these would be easily available to the users at
affordable prices. The paper finally compares the flight
performance of the two configurations.

Keywords— Airfoil, CFD, MAV, Flight Performance,
Endurance, Climb, Lift, Drag.

I. INTRODUCTION

To carryout outdoor missions a fixed-wing MAV is
suitable due to its high forward flight efficiency [1-3]. Most
modern MA Vs are designed to be smaller than conventional
UAVs, which are hand launched units, able to be
transported and deployed by one individual, which would
be an impossible scenario with larger UAVs [4-7]. Potential
capabilities for this fixed wing MAV is that uses a data link,
navigates independently and carries multiple sensors made
up of organic materials too. Because of their small size and
low power, such MAVs would be quite covert [8-11]. In
addition, exploiting micro-fabrication technology would
make possible the production in large quantities of MAVs
at low unit cost. The micro -fabrication technology is also
used in double aero shape irregular polygon slotted
microstrip antenna for WI-FI applications [12-13].

II. METHODOLOGY

The paper focuses on the comparison of a Micro MAV
(MB200) with N22 airfoil and a flat plate (FP) wing for a
20cm MAV rather than analysis and algorithm studies of the
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MAVs controller. The two configurations will have the
same set of propulsion device, sensors and controller.
Hence the discussion will be restricted in the area of
optimization for application examples.

Table 1: Air foil data for MB and Flat Plate Configurations

MB 200 FLAT PLATE
Tip 0.10501 Tip 0.09
Root 0.17000 | Root 0.14
LAMBDA | 0.61771 | LAMBDA | 0.64286
MAC 0.140068 | MAC 0.116812
C.GX) |0.057 C.GX) 0.054
AR 1.4 AR 1.3

III. EXPERIMENTAL METHODOLOGY

CFD data is generated for 15m/s and 20m/s velocity at
identical fluid properties. The aim of this paper is to
compare the CFD data of FP and MB 200 and calculate the
endurance and compare it with flight test data.

Table 2: Fluid Properties and Unit
FLUID PROPERTIES UniT
ALT | 920 M
P 90,752 Pa
R 1.12041 KG/M3
M 1.76E-05 KG/M-S
N 1.5709E-05 M2/8

Endurance is calculated by the current rating of the
avionics. Current consumption of every component is
estimated and summed up to find total current consumption
for a cruise flight and hence estimate the endurance.
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Fig. 1 Mission Profile
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To calculate endurance the current drawn by individual
avionic component is estimated at each [light condition i.e.,
take off, cruise, and landing.

Thrust produced by the motor, can be estimated from
the static motor test data with the amount of current drawn
from the motor and then extrapolated to dynamic results
by keeping a margin of 33%.

Table 3: Static Test of motor

M: HK1612 8g, Prop : GWS 5x3, ESC : Turnigy :6A
Throttle | Voltage | Current Thrust | Efficiency
Power | RPM
(%) ™ (A) (g) {g/w)
(W)

5 8.49 0.12 1.0 3250 71 6.97
10 8.48 0.38 3.2 5800 235 7.29
15 8.47 0.72 6.1 7550 | 416 6.82
20 8.46 1.08 9.1 8775 56.7 6.21
25 8.45 1.49 12.6 9950 71.4 567
30 8.43 1.9 16.0 | 10975 | 86.8 542
35 8.42 225 189 | 11725 | 1011 5.34
40 8.41 2.65 223 | 12550 | 116.4 5.22
45 8.4 3.09 26.0 | 13300 | 1323 5.10
50 8.38 3.36 28.2 | 13800 | 142.8 5.07
55 8.38 3.69 309 | 14400 | 153.3 4.96
60 8.36 4.24 354 | 15300 | 173.2 4.89
65 8.34 5.16 43.0 | 16150 | 194.3 4.51
70 8.32 54 449 | 16625 | 206.9 4.61

By assuming the maximum 1/d ratio for cruise flight from
the CFD we can find the thrust required

wt
Thrust = 7 @)
For a cruise, we know, at 15m/s wind speed

Lift = Weight 2)

Assuming 1/d is 6.5 for cruise flight for MB 200
T=130/6.5
=20 gms
Assuming 1/d is 5.5 for cruise flight for FP
T=130/55
=23.6 gms

For 25gms thrust throttle required for cruise condition is
upto 15% consuming less than 0.38 Amps of current for MB
200, For 23.6 gms thrust throttle required for cruise
condition is around 15% consuming 0.38 Amps of current
for FP and in the same way, we assume at wind speed of
20m/s.
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IV. RESULT & DISCUSSION

AOA for cruise flight is 4 degrees gencrating a drag of
about 27gms at 15m/s.

CL V/s Alpha curve
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Fig. 2 CL vs Alpha Curve
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Fig. 4 L/D vs AOA

Max 1/d is produced at an angle of attack of 8 degrees
which would produce maximum endurance. At 8 degrees
Cd is 0.06541 producing drag of 0.10 gms for FP and
0.0518 Cd drag of 0.0863gms for MB 200 at 15m/s Ground
speed.
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AOA for cruise flight is 10 degrees generating a drag of
about 19 gms for MB200 and 23 gms for FP where 1/d is 6.2
and 5.0 which would reduce the efficiency of the MAV. At
10 degrees Cd is 0.0648 producing drag of 0.192 gms for
FP and 0.0648 Cd drag of 0.192gms tor MB 200.

V. POWER CONSUMPTION

Power consumption for avionics is calculated and shown
in below table.

Table 4. Avionics Current Consumption

CRUISE ALTITUDE | 1000004 Mission Time T=  DEmin
CUBMRATE 5.384mjs
DESENORATE 10.004mjs

0 S min
CRUBE
Curvent Drawn 2z A 6!
Distancs Dis=| 5]
ey v :
Time to Cruise 8 Il LESmin
[Total Current 5 1B0mmh
LOMER
Current Drawn B=| R [23
e v e T ]
Time to Loiter = ﬁuxd:c 8.000}min
[Total Currant 57,000 mth
RETURN ol
c W= aomga TomlCurent | Cam=]  sromimah
Distance
Yelosity
Timi to Return L=
LANDING
c (=1 05
Time to Landing = 10000isec mgimm
[Total Current = 7000imAk
MOTOR CURRENT | Cmotor=| 508000 mih

Current required for the complete mission is calculated to
around 900 mAh for 12-minute mission time.

VI. EXPERIMENTAL RESULTS

Experiments were conducted in nil wind speeds but all
parameters could not be simulated as per the requirement
due to changes in weather conditions.

The data below shows that the two mav’s were flown with
same configurations and at same altitude of 30mts at semi-
autonomous mode.

2510



Bfnusandhan - Rabindranath Tagore University Journal Vol. XI/Issue XXI September 2021 ISSN: 2278-4187

Time (5)

Fig. 8 Throttle vs Time for MB 200

The results indicated following observation for MB 200.

Throttle mean = 65.1483%.
Throttle median = 65%
Throttle range = 85%
Throttle mode = 65%
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g. 9 Throttle vs Time for FP
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The results indicated following observation for FP.

Throttle mean = 59.83%.
Throttle median = 60%
Throttle range = 85%
Throttle mode = 60%

VIL CONCLUSION REFERENCES

From the Coplputational results we can say that ?d MB200 1s [1] Lian WSY, Tang J, Viieru D, Liu H. Aerodynamics of

0.0518 and for FP 0'065,41 her}ce L/D is more to‘r MB200 at Low Reynolds Number Flyers Cambridge University

15m/s. Also, at 20m/s 1/d is 6.2 for MB200 and 5.0 for FP. From

the experimental data we can concur that flat plate has given Press.

less endurance than MB200.Few parameters such as [2] Mustafa Serdar Genc. Low Reynolds Number

atmospheric conditions are considered to be uncontrollable Aerodynamics and Transition Edited by.

hence there can be a variation of 10%. [3] XFOIL: An Analysis and Design System for Low
Reynolds Number Airfoils, Mark Drela, MIT Dept. of
Aeronautics and Astronautics, Cambridge,
Massachusetts.

2511



3flnugandhan - Rabindranath Tagore University Journal Vol. XI/Issue XXI September 2021

[4] Kurtulus DK. Introduction to micro air vehicles:
concepts, design and applications.
[5] Michelson RC. Overview of Micro Air Vehicle

System Design and Integration Issues,
10.1002/9780470686652.eaec 401. Aeronautics and
Astronautics, Cambridge, Massachusetts.

[6] Ward TA, Fearday CJ, Salami E, Soin NB. A
bibliometric review of progress in micro air vehicle
research, DOI):10.1177/1756829316670671.

[7] Mueller TI. On the Birth of Micro Air Vehicles.,
10.1260/1756-8293.1.1.1.
[8] Laliberté JF, Kraemer KL, Dawson JW. Design and

Manufacturing of Biologically Inspired Micro Aerial
Vehicle  Wings Using Rapid  Prototyping,
10.1260/1756-8293.5.1.15.

2512

ISSN: 2278-4187

[9] Sharma R., Mukhiya R, Kanna VK. Organic Materials

for Microsensors Applications: A Brief Review.
Anusandhan Vol.1 Issue.1 (2012).

[10] Spoerry T, Wong KC. Design and Development of a
Micro Air Vehicle (nav) Concept: Project Bi dule.

[11] Zhang T, Zhou C; Zhang X. Design, analysis,
optimization and fabrication of a flapping wing MAV,
10.1109/MEC.2011.6025938.

[12] Hossain MA. Development of Design and
Manufacturing of a Fixed Wing Radio Controlled Micro
Air Vehicle (MAV), 10.3329/mist.v310.8048.

[13] RaiJ, Nigam SR, Dhubkariya DC. Double aero Shaped
Irregular Polygon Slotted Microstrip Antenna at 2.5
GHZ for WI-FI Application. Anusandhan Vol.5, Issue.9
(2016).



