
INTRODUCTION

 The demand for customized small-scale unmanned air 

such platforms in Taylor and Thomas Cord (2003), Green and 

span from zero to substantially high advance ratios. In an 

et al. 

prop-stream effects over the broader range of advance ratios 

Stone (2002) comprises numerical modeling and is based on 
superimposition of prop-stream in numerical panel methods.
 The prop-stream effects for the small/mini UAV have 

d/b) is relatively 

that the diameter of the propeller is often comparable to the 
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Abstract: The present paper has discussed investigations about the propeller slipstream effects on the aerodynamics of a 
generic unmanned air vehicle platform in the wind tunnel for a broad advance ratio range. The propeller-induced effects 

propeller-diameter-to-wing-span-ratio. The stall angle of attack of the small unmanned air vehicle is generally delayed 
under slipstream effects. The study evaluated the shift in stall angle of attack as a function of propeller-diameter-to-wing-
span and advance ratios of the propeller. The aerodynamics of the unmanned air vehicle platform is estimated through 
wind-tunnel experiments. The study reported in this paper is part of an effort to develop the framework for the analysis 

effects on the aerodynamics of a generic small unmanned air vehicle are studied in the wind tunnel for the shift in the 
aircraft stall angle of attack. The lift-curve slope of the aircraft is independent from the variation of advance ratio. The 

using inverse-quadratic relationship. This empirical trend of the stall behavior with advance ratio can be useful in the 
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d/b

et al.
decreases as the advance ratio of the propeller increased. The 

d/b in the range of 0.16 to 0.3. 

diminished as the advance ratio of the propeller is decreased 
et al.

as part of the aircraft design and development.
 The study reported in this paper is part of an effort to 

interaction for small/micro UAVs at an early design stage. 

tunnel for a broad advance ratio range. The propeller effects 

investigations involving various design parameters.

EXPERIMENTAL SETUP AND TESTING

d/b

to maneuver in tight spaces and can hover over the target area 

T6061 at Nanyang Technological University (NTU).

et al. (1999). The 

electric motor through the Tahmazo®

electronic speed controller (ESC). The control signal from 

Pololu®

during testing. The schematic of the propulsion system setup 

 The relationship of the propeller driven propulsion system 
is developed from the velocity of the aircraft, the blade-pitch 

et al.
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pitch propeller, the advance ratio is the primary entity to 
describe the relationship. The advance ratio (J) of the propeller 

J
N D
V
#

= 3  (1)

V  : is the true airspeed of the aircraft in m/s,
N: is the number of revolutions per second of the propeller, 
and
D: is the diameter of the propeller.

The change in the free-stream velocity causes variation in 

throttle setting to delineate the maximum effects of propeller-

behavior (Ralston and Hultberg, 2010), and this is also 

observed that the lift-curve slope is practically independent 

constant across the complete Reynolds number variation from 
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by itself is small enough to introduce any effect of Reynolds 
number on lift curve slope and stall angle of the aircraft.

that the static thrust of the aircraft is approximately 4 N. As 
the advance ratio is varied, the thrust eventually becomes 
negative. This means that such high advance ratios can only 

et al.

It should be noted that Dprop is negative and represents the 
propeller thrust.

L L L

D D D

aero total prop

aero total prop

= -

= +  (2)

RESULTS AND DISCUSSION

 

aerodynamic characteristics on both sides of the fuselage 

CL

CL varies from 

et al.

et al.

in advance ratio. The investigations by Null et al.

slope variation in the current experiment might be caused by 

CL

CL behavior can be observed clearly 

et al.
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to advance ratio:

,p
J
a

,stall stall up2a a= +  (3)

,pstalla

,upstalla

a ,upstalla  = 9.6 and a(.): in degrees.

R2

d/b 

this relationship governs the overall shift in the stall behavior 

for practical purposes.

CONCLUSIONS

 
aerodynamic characteristics of small UAV/micro air vehicle 

d/b values. The effects are more 

against the advance ratio, and such dependence can be 

d/b
can be very useful during early aircraft design stage.
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