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In the middle of the 80s

Take-off mass = 70 kg
Payload = 20 kg
Wing span = 3.08 m
Flight speed = 180 km/h
Wing loading = 38 kg/m2

Relative density = 84
Engine power = 10 hp

“Mosquito” UAV

Flight tests on the Emba
range in Kazakhstan



Tailless “002” micro-UAV
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Wing loading = 2.04 daN/m2

Relative density = 16.94

All dimensions are in millimeters:



1.  Layout, design and payload optimization

2. Engine and energy source selection

3.  Flight mechanics:

• low Reynolds numbers aerodynamics

• dynamic properties of micro-UAVs

4.  Stabilization and control

Main problems related to micro-UAVs
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Some features for various kinds of flying objects – 1



Object kind Re Mass, kg
Relative
density

Time
ratio, sec

Sporting airplanes
and gliders 6⋅105 – 107 500-1200 40-200 1,0-5,0

Middle-sized UAVs 3⋅105 – 106 50-150 100-700 0,5-3

Control line models (F2) 105 – 4⋅105 0,25-0,5 50-100 0,1-1,0

Radio control models (F3) 0,5⋅105 – 106 2-5 30-70 0,5-2,0

Glider models (F1A) 104 – 6⋅104
0.2-1,0 10-25 0,1-0,3

Indoor models 5⋅103 – 5⋅104 0,001-0,01 2-10 0,05-0,1

Albatross 2⋅105 – 4⋅105 8-12               80-100 0,5-2,0

Sea-gull 105 0,8-2,0 60-80 0,5-2,0

Butterfly 2⋅103 – 8⋅103 0,0005-0,01 2-6 0,01-0,06

Some features for various kinds of flying objects – 2
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Some features for various kinds of flying objects – 3



Special features of aerodynamic characteristics 
and dynamical properties for micro-UAVs – 1 
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CA – subcritical flow
B – transition area
C – supercritical flow



Special features of aerodynamic characteristics 
and dynamical properties for micro-UAVs – 2 

A registration example for micro-UAV flight parameters 
(h – altitude, U – airspeed)



Wind tunnel aerodynamic and dynamical experiments 
with micro-UAV – 1

2,2m

14,4m

MAI T-1 Wind Tunnel

3,4m

Turbulence degree 0.5%
Flow velocity 5-50м/сек



Wind tunnel aerodynamic and dynamical experiments 
with micro-UAV – 2

A real micro-UAV within working section of the T-1 wind tunnel



Wind tunnel aerodynamic and dynamical experiments 
with micro-UAV – 3
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Steady-state characteristics



Wind tunnel aerodynamic and dynamical experiments 
with micro-UAV – 4

DC

α α

mC

Steady-state characteristics



Theoretical investigations of aerodynamic characteristics 
for micro-UAV – 1

Computational aerodynamics approach

Half-wing with the NACA 0012 airfoil,
chord = 0.19 m, aspect ratio = 5,
flow velocity = 30 m/sec,
Re = 4.2 x 105



Theoretical investigations of aerodynamic characteristics 
for micro-UAV – 2

Computational aerodynamics approach
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Theoretical investigations of aerodynamic characteristics 
for micro-UAV – 3

Computational aerodynamics approach
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Verification results for the computational experiments

( )DС f α= ( )LС f α=

Half-wing with the NACA 0012 airfoil,
chord = 0.19 m, aspect ratio = 5,
flow velocity = 30 m/sec,
Re = 4.2 x 105

– wind tunnel experiment 
– numerical simulationΔ

ο



Experimental and theoretical investigations of aerodynamic 
characteristics for micro-UAV

1m

Micro-UAV on the gimbal mounting

Some of studied micro-UAV

Schemes of the gimbal mountings
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Gimbal mounting for wind tunnel tests



Wind tunnel aerodynamic and dynamical experiments 
with micro-UAV – 5

Unsteady aerodynamic characteristics
NACA-60 airfoil, nx= 0.2
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Main conclusions

Main conclusions caused by investigations discussed in the paper are:

1. The most critical factor defining a micro-UAV behavior is 

the combination of low values for UAV relative density and Reynolds

number.

2. We have no right to consider only static aerodynamic characteristics 

in the case of the micro-UAV; we need to take into account dynamic

phenomena like the hysteresis.

3. We have no right to separate longitudinal and lateral motion and,

actually, to separate flight mechanics into aerodynamics and flight

dynamics; it is a common practice for large aircraft, but for micro-UAVs

it does not work, it is a wrong practice.


