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Welcome Address from the President 
at Unmanned Vehicle University 
 
Dr (Col Ret) Jerry LeMieux 
President at Unmanned Vehicle University, USA 
Editor in Chief - IJUSEng 
 
 
 
 

   I would like to personally welcome you 
to the exciting career field of unmanned 
systems and the first edition of the Inter-
national Journal of Unmanned Systems 
Engineering (IJUSEng). Unmanned  sys-
tems engineers are critical to the posi-
tions of technical management and    
development of complex unmanned  
systems. These professionals are re-
sponsible for planning, coordinating, and 
budgeting group efforts that translate 
operational needs into technology re-
quirements. They use their skills to     
determine whether a system will meet 
cost, schedule, and performance goals. 
Systems engineers perform a central 
role in realizing an unmanned systems 
success; they are in great demand by 
industry and government. 
 
   Systems engineering applies to every-
thing from a large unmanned system to 
computer hardware and software. It’s a 
big-picture view that considers every  
aspect of a project, from costs and envi-
ronmental impact, to time lines and life 
expectancy of equipment. Because it 
encompasses many disciplines, it can 
help engineers from diverse fields better 
understand how to solve problems.   
Unmanned Vehicle University offers   
interdisciplinary degree programs that 
cover modeling, simulation, design,    
architecture, integration, and testing of 
complex unmanned systems and pro-

cesses. Students are supplied with un-
derlying theoretical knowledge and prac-
tical experience applicable to unmanned 
systems. An unmanned systems engi-
neering degree will provide expert 
knowledge so that graduates can apply 
for employment in engineering, design, 
development, integration and test of un-
manned air, ground and sea systems. 
Graduates from our online degree pro-
grams will have opportunities as chief 
engineers, engineering managers, and 
project managers. 
 
   Unmanned systems are an important 
part of the US and World economy. For 
unmanned aircraft systems alone, the 
Teal Group predicts the worldwide mar-
ket will total an average of $9 Billion per 
year for the next 10 years. Wintergreen 
Research predicts the total market will 
be $51 Billion by 2018. Laws have      
recently been passed in the USA to 
mandate that the FAA integrate civil air-
craft with military, commercial and civil 
UAV operations. Even the FAA       Aer-
ospace Forecast for FY 2012-2032 pre-
dicts that in 5 years, the total number of 
commercial UAVs flying in US        Na-
tional airspace will be over 10,000 vehi-
cles. 
 
   The focus of the IJUSEng is on        
research efforts into civil and commercial 
applications for unmanned systems. 
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Many countries including Canada, the 
UK and Australia already allow commer-
cial operations of unmanned aircraft sys-
tems (UAS). The USA is taking a much 
slower approach to integrate UAS into 
the National Airspace System (NAS) and 
recent progress has already been made. 
In May, 2012, the FAA passed a law that 
allows police and firefighting agencies to 
operate small UAVs below 25 pounds 
with an expedited Certificate of Authori-
zation (COA). This is a large step in the 
direction of allowing civil and commercial 
UAVs to fly in US National Airspace. 
Within the next year, a law (Special   
Federal Aviation Rule Part 107) will be 
passed to allow anyone to commercially 
operate small UAVs below a certain 

weight to operate in US National         
airspace. 
 
   Unmanned ground and sea systems 
(UGV, UUV and USV) also play an im-
portant part of future unmanned sys-
tems. The USA budget for Unmanned 
Ground and Sea Systems has a five 
year funding total of $2 Billion. Driverless 
cars are now licensed to drive in Nevada 
and California and General Motors says 
it could have driverless cars on the road 
by 2018. The Mars Curiosity lander has 
discovered proof of flowing water on 
Mars, a major science achievement. Af-
ter Hurricane Sandy, Unmanned Under-
water Vehicles could play a part in future 
hurricane forecasting.  

 
The future is bright for all unmanned  
systems! 
 
 
Dr (Col Ret) Jerry LeMieux 
President at Unmanned Vehicle University 
Editor in Chief of IJUSEng 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright of IJUSEng is the property of Marques Aviation Ltd - Press and its content may not be copied or emailed to multiple 
sites or posted to a listserv without the copyright holder's express written permission. However, users may print, download, or 
email articles for individual use. 
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Editor’s Technical Note 
IJUSEng – 2013, Vol. 1, No S1, 3-4 

 
Emerging Technologies in UAV Aerodynamics 
 
Pascual Marques  
Unmanned Vehicle University, Southport, UK 
 
 
Abstract: Marques P. (2013). Emerging technologies in UAV aero-
dynamics. International Journal of Unmanned Systems Engineering. 
1(S1): 3-4. Novel unmanned aerial vehicle (UAV) technologies       
address innovative airframe concepts for reasons of fuel efficiency,   
aircraft noise signature attenuation and reduced maintenance costs. 
New aerodynamic technologies prioritise flow control and flapless   
designs, in place of traditional hinged control surfaces, for enhanced 
manoeuvrability, reduced wing structural weight, and improved 
stealth. This technical note presents contemporary advances in 
Blended Wing Body (BWB) airframe design and flow control mecha-
nisms for flapless flight control. Based upon the Coandă effect,      
engine thrust vectoring provides pitch control and Circulation Control 
(CC) replaces conventional ailerons for roll control. The integration of 
flapless aerodynamic technology in blended wing-body aircraft is   
envisaged to play a crucial role in future experimental flight research 
programmes for the development of next generation UAV concepts.  
© Marques Aviation Ltd ï Press. 
 
 
 
 
 
 
 
1. BLENDED WING BODY DESIGN 
The Blended Wing Body concept offers 
promising advantages in structural, aero-
dynamic and operational efficiency over 
the conventional fuselage-and-wing de-
signs (Fig. 1). 
 
The unmanned Boeing X-48 Blended Wing 
Body experimental aircraft represents the 
futuristic philosophy supported by Boeing  
 
 
 
Correspondence 
Unmanned Vehicle University  
United Kingdom Campus  
5 Grosvenor Road, Southport          
PR8 2HT, United Kingdom 
pascual@uxvuniversity.com 

 
 
Fig. 1: Boeing's X-48B Blended Wing Body 

technology demonstrator. 
Photo: Tony Landis for NASA. 

 
and NASA that a blended or hybrid wing-
body concept offers the long term solution 

to fuel efficiency and noise reduction
[1]

. A 

blended wing body aircraft consists of a 
modified delta design that blends the ve-
hicle’s wing and body into a smooth con-

Keywords: 
Aerodynamics  
Blended Wing Body 
Boeing X-48  
Circulation Control 
Coandă effect 
Demon UAV 
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figuration. Recent flight tests at NASA’s 
Dryden Flight Research Center at        
Edwards Air Force Base show that a 
blended wing-body aircraft can be con-
trolled effectively at the low-speed flight 
regimes during takeoff and landing. Relo-
cation of the wingtip winglets inboard near 
the engines in the X-48B and X-48C ver-
sions effectively shifts their role from wing-
lets to twin tails and provides evidence 
that in an advanced Blended Wing Body 
UAV noise attenuation takes priority over 
the traditional augmented effective span 
and aerodynamic efficiency of the wing by 
means of winglets (Fig. 2).  
 

 
 

Fig. 2: NASA-Boeing X-48C with inboard 
vertical stabilisers. Photo: Carla Thomas. 

 
2. CIRCULATION CONTROL BY 
COANDA EFFECT 
The 5-year FLAVIIR project is a compre-
hensive research program that addresses 
technologies for next generation UAVs. 
The technical research comprises 7 areas: 
Aerodynamics, Control systems, Electro-
magnetics, Manufacturing, Materials/ 
Structures, Numerical simulation and Inte-
gration. The £6.2M project is administered 
from Cranfield University and funded joint-
ly by BAE SYSTEMS and EPSRC. An 
iconic feature of future UAV design is air-
craft control without conventional control 
surfaces. In the context of the FLAVIIR 
project, the Demon UAV by BAE Systems 
incorporates a novel aerodynamic ‘flap-
less’ control system that utilises engine 
exhaust thrust vectoring and bleed air to 
generate the aerodynamic forces and 
moments usually provided by flaps, ailer-
ons and elevators. While flaps and other 

control surfaces are effective at increasing 
the wing lift coefficient, they do so at a 
higher drag cost. Instead, fluidic flight con-
trols direct air from a rectangular exhaust 
nozzle over Coandă surfaces to provide 

pitch control
[2]

.  

 
Similarly, bleed air blown over a Coandă 
surface embedded on the trailing edge of 
the wing, in place of conventional me-
chanical ailerons, is used for roll control. 
Recall that the Coandă effect, named after 
Romanian aerodynamics pioneer Henri 
Coandă, is the tendency of a fluid jet to be 
attracted to a nearby surface. The novel 
Coandă effect flow-control technology is 
termed Circulation Control. A Circulation 
Control system uses of a fixed-geometry 
lifting surface with a circular trailing edge 
cross section. Air is blown tangentially 
over the curved trailing edge to adjust the 
location of trailing edge flow separation. 
This produces a change in wing circulation 
and allows modification of the lift coeffi-
cient without the need to alter angle of at-
tack. In addition, the aerodynamic circula-
tion control system modifies the character-
istics of the boundary layer and provides 
greater lift or drag necessary for take-off 
and landing.  
 
Research programmes that attend to the 
integration of flapless aerodynamic tech-
nology in hybrid wing-body aircraft will  
allow efficient flight control without the use 
of conventional control surfaces in next- 
generation UAVs. 
 
3. REFERENCES 
1. Koehler T and Creech G. (2012). Boe-

ing flies X-48C blended wing body re-
search aircraft. 7th August. Boeing.                                 
http://boeing.mediaroom.com/index.php
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2. Cook MV, Buonanno A and Erbsloeh 
SD. (2008). A circulation control actua-
tor for flapless flight control. The Aero-
nautical Journal. 112(1134): 483-489.
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Collision Avoidance by Speed Change
 
James L. Farrell  
VIGIL Inc., Severna Park, USA 
 
 
Abstract: Farrell JL. (2013). Collision avoidance by speed change. 

International Journal of Unmanned Systems Engineering. 1(1): 1-8. 
With UAV usage increasing at rapid rates, a corresponding increase 
in attention to collision avoidance is clearly warranted. A strategy   
introduced more than ten years ago, being pursued in an investiga-
tion by Ohio University with NASA sponsorship, is supported by    
programming efforts that address dangerous scenarios. For aircraft 
that would collide if allowed to remain in their existing flight paths, 
conflict resolution can be provided by changing speed. Results are 
provided herein for a variety of conditions. The method requires no 
large budgets, nor new inventions; existing equipment (GPS/GNSS, 
ModeS) is sufficient with extension of known techniques (double    
differencing) to tracking. The approach offers enormous advantages 
in safety, versatility, autonomy, and all aspects of aircraft navigation 
performance. The theory has already been described in references 
cited; presentation of computational results here is followed by opera-
tional considerations. Preliminary flight testing recently reported  
elsewhere (Duan, Uijt de Haag, and Farrell; DASC 12, October 2012, 
Williamsburg, VA) raised prospects for reducing uncertainty volume 
(predicted position at time of closest approach) from hundreds of   
meters (due to m/s velocity uncertainty) to a few meters (from cm/s 
velocity accuracy). © Marques Aviation Ltd ï Press. 

 
1. INTRODUCTION 
Collision avoidance is one operation for 
which the many advantages of satellite navi-
gation have not been developed. As noted by 

Farrell
[1]

 the magnitude, multiplicity – and 

importance – of potential benefits combine to 
make a compelling case for further consider-
ation: 
 
Integration: One system for both 3D (in air) 
and 2D (runway incursions). 
 
 
Correspondence 
Vigil, Inc.  
Severna Park, Maryland, USA.  
http://jameslfarrell.com/contact-james-l-farrell 

 

 
Autonomy: No ground station corrections 
required. 
Communication: Interrogation/response 
replaced by ModeS squitter operation. 
Coordination: Garble elimination through 
coordinated squitter scheduling.  
Tracking: All tracks maintained with GPS 
pseudoranges in data packets. 
Dynamics: Tracks provide optimally         
estimated velocity, as well as position. 
Timeliness: Latency is counteracted through 
history of dynamics with position. 
Multitarget handling: Every participant can 
track every other participant. 
Control: Collision avoided by acceleration/ 
deceleration rather than climb/dive. 

Keywords: 
Aircraft navigation 
Carrier phase 
Collision avoidance 
Double differences 
GNSS 
GPS 
ModeS 

http://jameslfarrell.com/contact-james-l-farrell
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Recognition of these advantages over the 
existing pre-GPS Traffic Alert and Collision 
Avoidance System (TCAS) has led NASA to 
support efforts toward exploiting these     
improvements. Details of the arrangement 
between NASA and Ohio University are   

described previously
[2,3]

; work described 

herein is part of that overall investigation. 
Previous work is summarized only briefly 
here; present emphasis is on results. As part 
of the NASA-sponsored effort, specific nu-
merical results were generated for prevent-
ing conflicts impending with two aircraft (an   
"intruder" and an "evader") initially on a colli-
sion course. Over a wide range of conditions 
(i.e., intruder and evader speeds; angles  
between their velocity vectors), amounts of 
speed change required to produce a speci-
fied miss distance are readily computed. 
Results for sample conditions are plotted, 
along with the time to closest approach 
(which, due to the speed change, deviates 
from the time to collision). The plots are   
followed by recommendations for adaptation 
to existing and future operation. 
 
2. EXISTING METHODOLOGY 
An abbreviated description is given here for 

TCAS
[4]

 which uses the history of range   

(instantaneous value of separation distance) 
and its rate of change to decide whether an 
advisory is needed. When the range is     
decreasing, the ratio (Ű) of range to closing 

rate, called time to go (TTG), is given the 
notation (eq. 1) 
 

Ű   = range / closing rate             (1) 

 
That value is the time to collision for two  
aircraft on a collision course, characterized 
by zero rotation rate for the line-of-sight 
(LOS). Nonzero LOS rates produce, instead 
of a point of collision, a point of closest    
approach (PCA) and the corresponding 
closest approach time deviates from Ű; 

TCAS applies "DMOD" adjustments in an 
effort to account for those departures. Con-
siderations just described are used to      
determine whether alerts or actions are 
needed. When evasive maneuvers are 
deemed necessary, they take place in a ver-
tical plane; one aircraft climbs as the other 
dives.   
 

2.1 TCAS Limitations 
A casual Internet search can uncover much  
concern about the abruptness – and a     
potential for unnecessary "dodges-just-in-
case-the-azimuth direction ... " – and the 
safety – of the climb/dive combination. 
Those and other capability restrictions are 
traceable to limited pre-GPS technology – 
highly dependent on transponders. With 
available information consisting of highly  
accurate range and less accurate altitude, 
imprecise nature of the latter is not the main 
limitation; note the absence of timely hori-
zontal cross-range (azimuth) measurements. 
Although cross-range estimates can be    
deduced from histories of range and own-
ship dynamics, those estimates evolve only 
indirectly, critically dependent upon LOS  
rotation; they are neither as accurate nor as 
timely as needed. Indeed, LOS rotation    
sufficient to provide azimuth observability     
occurs only at close ranges – precisely the 
condition necessary to avoid. 
 
Absence of direct azimuth measurement da-
ta translates immediately to absence of most 
beneficial features listed in the INTRODUC-

TION. Rather than a criticism of TCAS de-
sign, then, a comparison of capability is pre-
sented here as an intrinsic result of a fun-
damental trait: direct 3-D observability. In 
addition, the proposed methodology will offer 
feasibility of operating with an intruding    
aircraft being 
 
 • oblivious to imminent danger, thus     

nonmaneuvering. 
 • nonparticipating altogether; by operational 

extensions not shown here but reported by 

Farrell
[5]

. 

 
3. MODERNIZED APPROACH 
With extended squitter data containing direct 

GPS measurements
[2,3,6]

, all major error 

sources either cancel or can be readily re-

jected by straightforward data editing
[7]

. A 

host of advantages materialize instantly
[8]

.  
Track files are obtained and maintained from 
that comparison of time-stamped raw GNSS 
measurements. Errors in perceived position 
– including errors in projected future dis-
tances near PCA – can then be made small-
er than requisite miss distances. The pro-
jected future miss distances can be 
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enlarged through speed control decisions 
based on the accurate 3D track files. Speed 
can be increased or decreased, whichever is 
deemed most suitable. Once a speed 
change is prescribed there is no reason to 
delay action; they are treated here as instan-
taneous but not excessive since 
 
 • abrupt speed increase is impractical if   

unduly large. 
 • large reductions in speed risk stall. 
 
3.1 Applicable Conditions 
Before addressing the most general class of 
conditions, a meaningful set of guidelines 
governing two aircraft must be clearly estab-
lished. Scenarios to be considered here thus 
consist of two moving participants, termed  
intruder and  evader. There can be, in addi-
tion, stationary observers (e.g., a tower) 
monitoring – and possibly communicating 
with – either or both of them.  For maximum 
safety the selected methodology will enable 
success when the intruder is oblivious to any 
danger; thus corrective action is assigned 
only to the evader. 
 
Not every dangerous scenario is amenable 
to solution via speed change.  Deceleration, 
for example, cannot avert a head-on         
collision. By extension of that reasoning, 
faster closing rates tend to demand wider 
variations in speed. Using that rationale, 
then, a first step is to impose some limits on 
applicable geometries. Criteria involving 
range and closing rate, already described, 
will likewise be used here. 
 
Depending on the evader and intruder veloc-
ity directions, the closing rate may be great-
er or less than the evader’s speed. With 
higher closing rates being the most challeng-
ing (again by extension of the limiting head-
on case), it is not surprising that they offer 
the narrower span. To preclude excessive 
demands for speed change,    values ex-

ceeding 130
o
 or less than 30

o
 are consid-

ered candidates for resolution by turns, be-

yond scope here. Within the 30
o -130

o
 

spread it was found expedient to      increase 

speed for heading differences above 90
o
 

and reduce it below. 
 
 

3.2 Illustrative Examples 
For the scenario in Fig. 1 the origin is set at 
the point where collision would occur in two 
minutes if no corrective action ever hap-
pened. With a 450-kt (231.65 m/s) initial 
speed the evader then begins at a location 

231.65 × 120 = 27,798 m from the origin.  
Depicting that location here along the 
North/South line does not affect the comput-
ed results, a simple subtraction (intruder 
heading) - (evader heading) will rotate the 
cardinal directions relative to the image in a 
more general case. The 350-kt intruder 
starts from a location backed away from the 

origin, along a 120
o
 line (heading is synon-

ymous with ground track in this simplified 
analysis), by 180.17 × 120 = 21,620 m. By 
orienting one reference direction (here the y-
axis) of the ENU coordinate frame along the 
evader’s path, only that y-component (v) of 
speed change needs to be computed. Given 
the separation vector (R) at any time (e.g., 
for the initialization just shown), the requisite 
speed change is formed by subtracting [0 v]T 
from the initial (intruder - evader) relative 
velocity, forming the unit vector (n) perpen-
dicular to that direction, and setting the 
component of R along n equal to a chosen 
scalar miss distance (D) of 1 km. Imposing 
that condition produces a quadratic equa-
tion, offering an increase and a decrease in 
speed, both of which conform precisely to D. 
In either case, the time to closest approach 
(tCA), computed by nulling the component of 
R parallel to the post-acceleration/ decelera-
tion relative velocity vector, deviates from 
the 2-min time-to-collision. 
 
For the next example a case was run with 
similar parameters (2 min, 1 km, 450 kt,   

350 kt) but with a 45
o
 heading difference.  

Once again the minimal separation distance 
(1 km) occurs when R becomes perpendicu-
lar to the relative velocity, computed by sim-
ple time extrapolation as described at the 
end of the preceding paragraph. In this case 
that happens at a later time since (recall the 
end of the preceding section), speed reduc-
tion was chosen; thus  tCA  exceeds the 2-min 
time-to-collision in this case. 
 
While the first scenario evolves in a way 
easily visualized from Fig. 1 (separation   
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distance decreases until reaching final posi-
tions shown), Fig. 2 is slightly more complex. 
The evader’s actual path (thick line, North-
bound) does not reach the intruder’s path 
until the intruder has passed.   

 
 
 

 

 
 

Fig. 1: Speed increase scenario 

 
 

 
 

Fig. 2: Speed reduction scenario 
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An extension of the evader’s path (shown as 
a lighter, thinner line) shows how it would 
have progressed without the speed reduc-
tion – except that a collision would have   
occurred where the two paths intersect. A 
simple animation in the form of a Matlab 

"movie" is provided by the author
[9]

. 

 
4. PERFORMANCE WITH GENERAL    
    CONDITIONS 
Sets of runs were made for generation of 
plots showing results obtained with the    
following parameter values: 
 

 • intruder heading at values from 30
o
 to 

130
o.  

 • intruder speed at 200, 300, and 400 kts. 
 • 2 mins to collision for evader speed at   

initial value. 
 • initial evader speed at 500 kts. 
 • evader speed change chosen for 1 km 

miss distance. 
 
In all cases, the evader was headed due 
North and, if the evader speed had remained 
at its initial value, a collision would have   
occurred at the point designated as the    
origin. With intruder heading as the          
abscissa, plots were generated for time to 
closest approach tCA and for evader speed 

change (increasing for intruder headings 

above 90
o
 and decreasing below 90

o
, as 

previously noted). Miss distances obtained 
were also plotted (to ensure conformance to 
chosen input values) but, since they were 
always in precise agreement, there is no 
need to show those plots here. 
 
The three different intruder speeds are not 
labeled on Figs. 3 & 4 but, for these plots, 
the "inside" curves (those with the smallest 
speed change and the smallest average tCA 

departure from 120 s) are for the 200-kt   
intruders; the "outside" curves (those with 
the largest speed change and the largest 
average tCA departure from 120 s) are for the 
400-kt intruders; the 300-kt intruders curves 
lie between. From running many cases it 
was found, propitiously but not surprisingly, 
that lower evader speeds demand smaller 
amounts of speed change. The same trait 
holds true for the amount of departure      
between tCA and the time-to-collision. It is 
worth noting that, when the guidance algo-
rithm produces acceptable values for speed 
change and tCA, they can be recomputed 
with miss distance increased to account for 
uncertainties introduced by tracking errors. 
 
          

 

 
 

Fig. 3: tCA  for 500 kt initial evader speed 
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Although not mentioned thus far, and not 
noted on the plots, all evader flight path 
modifications indicated here include another 
feature: a gradual climb, starting at the same 
time as the speed change. In order to avoid 
a wake problem (which would otherwise 
arise from flying through the same air just 
vacated by the intruder), the evader would 

be instructed to climb to the same final     
altitude that TCAS would have prescribed.  
In marked contrast to TCAS, however, this 
climb would be gradual. The proposed 
method, then, provides only half of TCAS’s 
vertical separation (the intruder can be non-
participating), but a substantially larger hori-
zontal separation can be commanded. 

 

 
 

Fig. 4: Evader speed change from 500 kt initially 
 
5. RECOMMENDED FUTURE WORK 
It is acknowledged that the results shown 
here only begin to describe collision avoid-
ance strategies. Refinements can be added 
(e.g., accounting for wind, finite time elapsed 
during speed changes, …) and, of greater 
importance, extensions will be needed for 
3D scenarios, increased numbers of partici-
pants, and turn scenarios for heading differ-

ences below 30
o
 or beyond 130

o
. At least in 

the near term two further modifications are 
likely to become necessary: 
 
 • acceptance of guidance from elsewhere 

(e.g., tower). 
 • operation in concert with, rather than   

substitution for, TCAS. 
 

The last item was described previously
[3]

 as 

a preemptive approach. Rather than      
 

 
providing the whole guidance for collision 
avoidance, speed changes could be intro-
duced further in advance of PCA, for       
purposes of preventing TCAS resolution  
advisories from being generated. Finally, all 
applicable algorithms and programs will 
have to be submitted for documentation in a 
standardized form; this clearly fits within the 
realm of capabilities too important to be   
limited by any proprietary claims. 
 
Throughout this development a capability 
not yet fully realized in operation has been 
taken for granted. Usage of air-to-air track 
methods, known from decades-old radar  

applications
[10]

, must be adapted with GNSS 
double differences replacing radar obser-
vables. Since tracking algorithms in a stable 
(INS-based) reference frame (summarized in 

the literature
[11]

 and detailed in Chapter 9 of 

Farrell (2007)
[5]

) have long been estab-
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lished, and since GNSS measurements far 
surpass radar in accuracy, success of that 
substitution awaits only a commitment to 
support a brief extension followed by flight 
validation. 
 
Means to bring this capability into operation, 
then, are entirely within reach. The need to 
follow through is urgent – and the urgency 
can only grow with increasing occurrence of 
a recently adopted practice: usage of      
unmanned aircraft. 
 
6. CONCLUSIONS 
Speed change guidance strategy, combined 
with ModeS extended squitter data con-
taining raw measurements from GPS/GNSS, 
has long been known to offer enormous   
advantages in safety, versatility, autonomy, 
and all aspects of performance for collision 
avoidance. Quantitative results are easily 
obtainable for a wide range of applicable 
scenarios. Wide usage of UAVs presents 
motivation for the industry to exploit this   
capability that was introduced over a decade 
ago. 
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8. NOTATION 
D  scalar miss distance 
n  unit vector perpendicular to relative velocity 
R separation vector 
T  standard superscript notation for a transpose operator 
tCA time to closest approach 
v speed change along y-axis 
 
Ű ratio of range to closing rate 
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Abstract: Marqués P, Bachouche A and Maligno A. (2013).        

Aerodynamic evaluation of the Djebel Laassa UAV. International 
Journal of Unmanned Systems Engineering. 1(1): 9-15. Tunisia Aero 
Technologies Industries S.A. has recently launched an R&D program 
that includes several UAVs and has led to the development of the 
Djebel Laassa UAV (‘mountain watchô UAV). The current multi-
disciplinary R&D program of Tunisia Aero Technologies Industries 
S.A. endeavors to further enhance the potentiality of the Djebel  
Laassa vehicle for a broad range of civil and military applications. In 
particular, a great effort is devoted to the improvement of the vehicle’s 
aerodynamics for enhanced performance and survivability in          
unsteady flight environments. This paper presents the aerodynamic 
R&D of the medium-size Djebel Laassa UAV prototype. Aerodynamic 
modifications are specified to enhance the maximum lift, flow control, 
stalling behaviour and flight stability characteristics of the air vehicle. 
Modifications include the use of an S1223 airfoil, vortex generators 
and a Gurney flap for the wing, a constant-section variable-thickness 
S1223 airfoil for the propeller, wing fence adjustments, and introduc-
tion of wing taper, dihedral and geometric twist. This aerodynamic 
evaluation is part of the current R&D programme of Tunisia Aero 
Technologies Industries S.A. that prioritises the development of     
advanced aerodynamic concepts and modifications to the air         
vehicle's engine and structural design for enhanced performance in 
medium/high altitude, long-endurance missions.  
© Marques Aviation Ltd ï Press

1. INTRODUCTION 
The airframe of the Djebel Laassa UAV pro-
totype developed by Tunisia Aero Technolo-
gies Industries S.A.[1] consists of a cantilever 
high-wing monoplane with a fuselage pod 
and twin tail booms (Fig. 1).  
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The twin-boom arrangement allows the en-
gine to be mounted as a pusher system that 
frees the front fuselage for the installation of 
payload and provides protection for and from 
the propeller[2]. The vehicle features swept-
back fuselage pod sides and bulkheads for 
low signature radar. The UAV is constructed 
using a modular design, whereby the wing is 
divided spanwise into 3 pieces. The main 
spar is made of titanium and the wings are 
hollow to accommodate bladder-type auxilia-
ry tanks. The central wing region is equipped
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Flight stability 
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Unsteady flight  
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Fig. 1: The Djebel Laassa óMountain Watchô UAV  
(Photo: Tunisia Aero Technologies Industries S.A.) 

 
with flaps and the outboard wing with       
ailerons[1].  
This paper presents the aerodynamic R&D 
of the medium-size Djebel Laassa UAV pro-
totype. Technical specifications and payload 
details are presented followed by an analy-
sis of aerodynamic and flight stability char-
acteristics of the air vehicle. Aerodynamic 
modifications are suggested for enhanced 
lift, aerodynamic efficiency, stall control and 
flight stability for operations in adverse     
atmospheric conditions. The aerodynamic 
improvements expand the UAVs flight enve-
lope and versatility for diverse applications 
and missions that encompass city recon-
struction mapping, remote sensing and 
mapping, land & maritime border patrol, sea 
and land search and rescue, long endurance 
military intelligence, reconnaissance, target-
ing, surveillance of oil and gas installations, 
inspection of natural disasters, precision  
agriculture, and fire fighting[1]. 
 
2. TECHNICAL SPECIFICATIONS 
The shape of the fuselage is low radar     
detection. A 39 hp engine is mounted at the 
rear of the fuselage pod, driving a two blade 
fixed pitch wooden propeller of 75-79 cm in 
diameter[1]. The fuselage pod contains the 
main fuel tank. The airframe can be fitted 
with a rail or pod under each wing in line 
with the tail booms for carriage of external 

stores (e.g., chaff). Airframe construction is 
primarily of reinforced graphite, Kevlar and 
epoxy resin and is fully sealed for long life in 
hot or humid environments. Table 1 shows 
the dimensions, weight and performance 
features of the air vehicle[1]. 
 
3. PAYLOADS 
The UAV prototype is equipped with a Cloud 
Cap TASE 200 Camera during flight        
testing[1]. The large fuselage volume can  
accommodate a wide variety of payloads, 
according to the requirements of the various 
missions: Electro optical and infrared cam-
eras mounted on a turreted 360° gimballed 
“chin”, gyro stabilized daylight and low light 
black and white or colour cameras, laser 
designator, range finder, miniature aperture 
radar for visibility in conditions of dense fog, 
radar altimeter, automatic video tracker,   
nuclear bio/chemical/multiple sensors,     
meteorological appliances, laser detector 
tracker pod, and wing-pod ejectable items 
(such as chaff, leaflets, flares, or communi-
cation jammers). Other payloads can be      
installed: Mine detection payloads, electronic 
warfare systems, SIGINT, and scientific 
sensors. Larger and more sophisticated pay-
loads for maritime surveillance and search & 
rescue missions for day and night can be 
fitted to the UAV (e.g., FLIR systems, UK)[1]. 
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        Table 1: Technical specifications of the Djebel Laassa UAV
[1]

 

 
 
4. AERODYNAMIC CHARACTERISTICS 
4.1 Airfoil 
There are several considerations when    
selecting an airfoil for a UAV. These include: 

a high maximum lift coefficient (cl max), effec-

tiveness at low Reynolds numbers (Re), high 

lift-to-drag ratio (cl /cd), low pitching moment 

coefficient (cm,c/4) to minimize the load on the 
tail, gentle stall characteristics, insensitivity 
to surface roughness caused by rain or dust, 
good flap performance, and minimal airfoil 
complexity for ease of manufacture[2]. 
 
The airfoil used in the wing of the Djebel 
Laassa UAV prototype is a Wortmann  
FX61-147 (Fig. 2). This airfoil has a thick-
ness ratio of 14.8% of the chord (c), camber 

of 3.18% c and a cl max of 1.5. At relatively 

low flight speeds (e.g., Re 1.4 x 106), this 
airfoil generates low drag due to extensive 
laminar flow on both the upper and lower 
surfaces[3]. Its thickness allows the low drag 
bucket to be maintained for a large range of 
lift coefficients, although the minimum drag 

coefficient is higher. At an angle of attack (Ŭ) 
of 1°, upper surface transition occurs at 

0.45% c and at Ŭ = 8° transition moves for-

ward to 0.25% c. Transition from a laminar 
to a turbulent boundary layer is caused by 
laminar separation bubbles. In the       

Wortmann FX61-147 airfoil, attention needs 
paying to movement of the transition point 
towards the leading edge (LE) and the     
extent of the laminar separation bubble at 
low Res. Aerodynamic evaluation suggests 
that the Wortmann FX61-147 airfoil is suita-
ble for the medium-size Djebel Laassa UAV 
(c = 55 cm, MTW = 200 kg). Specifically, the 
Wortmann FX61-147 shows good perfor-
mance in climb conditions, progressive stall, 

cl max insensitivity to dust or rain contamina-

tion, and a small cm,c/4 that reduces the drag 
penalty associated with balancing the      
aircraft. In the Djebel Laassa UAV, a Fowler 
flap with a maximum downward deflection 
angle of 30° augments lift during takeoff and 
landing. Aerodynamic characteristics of the 
vehicle are summarized in Table 2. 
 
The S1223 is a high-lift airfoil often used in 
UAVs[4] that may be considered for the 
Djebel Laassa UAV, Fig. 2. Other suggested 
aerodynamic modifications to the Djebel 
Laassa UAV prototype appear in Table 2. 
The S1223 follows a high-lift design philoso-
phy characterised by concave pressure   
recovery with aft loading. At the low Re of    

2 x 105, the airfoil achieves a cl max of 2.2, 

high cl /cd, and acceptable stall characteris-

tics[5].  

Dimensions Performance

Length: 3.75 m Loiter speed: 130 km/h

Height: 1.25 m Cruise speed: 140 km/h

Max. body diameter: 38 cm Max speed: 170 km/h

Body fuselage pod length: 1.85 m Max rate of climb: 300 m/min

Propeller diameter: 75-79 cm Take off distance: 250 m (on asphalt)

Take off distance: 10 m (launch option)

Weight Flight range: 1,680 km 

Empty weight: 110 kg Operational radius: 200 km; extended to 800 km

Max. total weight (MTW): 200 kg    using ground or airborne relays on mountains.

Max. payload weight: 30 kg Typical command and control range: 150-200 km

Service ceiling: 4,575 m 

Endurance: 12 hrs with normal gasoline/oil mix; 

   24 hrs with heavy fuel (Jet A1). 

Fuel capacity: 53 ltrs (1 main tank and 2 auxiliary

   wing tanks)

g limits: ± 6
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Fig. 2: Coordinates (x, y) of the Wortmann FX61-147 (top) and S1223 (bottom) airfoils 

The cl max increases to 2.3 with either the  

installation of vortex generators (VGs) 
placed at 17% c or with the use of a 1% c 
Gurney flap[5]. Because of its effective high-
lift characteristics alongside its simplicity as 
a mechanical device, the use of a Gurney 
flap for the UAV is advocated[6,7]. The airfoil’s 
nose-down cm,c/4 of – 0.29 requires balancing 
with the aircraft tail and it is recommended 
that the tail stabiliser is set at an angle of 

incidence (ŭ) of -1° to provide downforce at 

the tail. From the LE to 0.2 c, the boundary 
layer is prescribed to be close to laminar 
separation, a laminar analogy to the turbu-
lent Stratford pressure recovery, and at 0.2 c 
a short bubble ramp is employed[5]. The 
S1223 performs well in small- and medium-
size UAVs (e.g., Tunisian Spring UAV and 
Djebel Laassa UAV, respectively), allows 
heavier payloads, shortens the takeoff and 
landing distances, attenuates aircraft noise, 
and reduces the stall speed. Its moderate 
stall characteristics are suitable for the UAV 

to operate with the wing near cl max at low 

speed regimes. However, the complex     
geometry and camber of the S1223 airfoil 
makes the wing of the vehicle - span (b) of 
6.5 m, aspect ratio (AR) of 10 and surface 
area (S) of 3 m2 - more difficult to manufac-
ture.  

 
At low Re, common airfoils show a rapidly 

decreasing cl max as the Re drops, and sepa-

ration bubbles that augment drag. Nonethe-
less, the high-lift S1223 and the optimised 

S1223 OPT2 airfoils exhibit high cl /cd and 

good stall characteristics at low Res and 
these two airfoils are therefore appropriate 
for the design of a high-efficiency constant-
section propeller[4,8]. The optimised S1223 
OPT2 was the result of hierarchical multi-
objective optimization carried out by Ma et 
al. (2010)[8]. Compared to the S1223, the 
optimised S1223 OPT2 achieves an         

increase in cl max from 2.14 to 2.17 (1.4%  

increase), a reduction in drag coefficient 
from 0.034 to 0.033 (3%), an improvement in 
cl /cd from 63.1 to 64.8 (3%), and a wider 

range of low drag; based on Ŭ = 10° and   

Re = 0.5 × 106. The simulation of airfoil 
thickness conducted by Ma and Liu (2009)[4]   
reveals that an airfoil thickness of 20% - 

25% is detrimental to cl /cd and propeller   

efficiency. In fact, the best propeller perfor-
mance is achieved using 5% and 12%  
thickness. Consequently, an optimised   
propeller for the Djebel Laassa UAV can be 
constructed using an S1223 OPT2 airfoil of 
thickness ratio of 12% c at the blade root 
and 5% c at the blade tip.  

 
4.2 Wing and tail design 
The wing’s central section of b = 1.62 m is 
sweptback by 6° (c = from 64 to 55 cm) and 

the two outboard wing modules are          
rectangular (constant c = 55 cm). The wing 

is rigged at ŭ = 1.5°, it is untwisted and has 

no dihedral. Proposed modifications to the 
Djebel Laassa vehicle prototype include   
introduction of geometric twist to promote a 
gentle stall that initiates at the wing root   
region[9,10].
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Table 2: Aerodynamic characteristics of the Djebel Laassa UAV prototype and      
suggested modifications 

 
 
The tail of the Djebel Laassa vehicle is of 
inverted V-shape and sweptback configura-
tion, with two fins and two elevators. Double 
servos and double rudder provide redun-
dancy and enhance flight safety. A symmet-
ric NACA 009 airfoil of c = 48 cm set at        

ŭ = 0° is used in the aircraft tail; where the 

tail span is b = 1.5 m and S = 0.72 m2. 
 
4.3 Analysis of flight stability and control 
An aerodynamic advantage gained with the 
pusher propeller configuration of the Djebel 
Laassa UAV includes the engine positioned 
closely behind the aircraft’s centre of mass, 
which reduces the inertia of the vehicle in 
pitch and yaw. Also, the proximity of the 
propeller to the empennage enhances    
control power due to the slipstream passing 

over the elevators and rudders and, together 
with the lower inertia, makes the aircraft 
more responsive to pitch and yaw control. 
These qualities account for the popularity of 
the pusher propeller configuration in        
medium-size UAVs[2].  
 
Although the main spar is made of titanium 
for enhanced wing structural rigidity, a     
certain amount of aeroelastic behaviour is 
suspected in the Djebel Laassa UAV. It is 
possible for the wing to twist under aerody-
namic load during flight. This may change 
the angle of attack near the wing tip, particu-
larly in turbulent flight conditions, and trigger 
an early stall in the tip region. Aeroelasticity 
may also affect aileron control response[14,15] 
which may be assessed during flight testing.

AERODYNAMIC CHARACTERISTICS SUGGESTED MODIFICATIONS

Airfoil Airfoil

Type: Wortmann FX61-147 Type: S1223

Thickness (% c): 14.8 cl max : 2.2 at Re = 2.0 × 106

Camber (% c): 3.18 2.3 with VGs

cl max : 1.5 at Re = 1.4 × 106 or Gurney flap

c root (cm): 64 cm,c/4 : -0.29

c outboard modules (cm): 55 VGs: Positioned at 17% c

Gurney flap: Height of 1% c

Wing

ŭ (°): 1.5 Wing

b  (m): 6.5 Flow control: Wing fences around LE,

AR: 10 up to 1/3 c

S (m2): 3 Flight stability: 5° dihedral

Flow control: Wing fences Stall control: 5° geometric twist

Flap: Fowler Taper: 5°

Max. flap defelection (°): 30

Tip device: Hoerner tip Tail

ŭ (°): -1

Tail

Airfoil type: NACA 009 Propeller

c (cm): 48 Airfoil type: S1223 OPT2

ŭ (°): 0 Thickness (% c): 12 at blade root,

b  (m): 1.5 5 at blade tip

S (m2): 0.72
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Stability in roll of the aircraft in rough  
weather conditions can be enhanced by   
applying 5° of dihedral[12,16]. Roll control may 
be improved using 5° of geometric wing twist 
to reduce the aeroelastic load near the wing 
tips and provide enhanced aileron perfor-
mance[11,14].    
 
4.4 Response to air turbulence  
In severe weather and harsh flight environ-
ments, it is highly desirable to reduce the 
response of the UAV to turbulence to    
maintain payload sensors on the target. 
Maintaining a pre-specified course may also 
be difficult in extreme turbulence. Strong  
inherent aerodynamic stability, large surface 
areas and high AR in relation to the vehicle’s 
mass cause UAVs to exhibit high response 
to atmospheric turbulence[2]. The Djebel 
Laassa aircraft’s S of 3 m2, AR of 10 and 
MTW of 200 kg (Table 1) provides moderate 
surface area to mass ratio and therefore 
reasonable responsiveness to gusts. The 
wing surface of the vehicle represents a 
good compromise between gust reduction 
and low-speed performance required for 
take-off and landing[10,13]. To achieve stability 
in adverse flight conditions, it is preferable to 
design the aircraft with near neutral         
aerodynamic stability to ensure minimum 
disturbance from air turbulence. However, a 
control system is often required to ensure 
that the vehicle has positive spatial stability 
to prevent the aircraft wandering off course. 
This control system requires sensors for the 
measurement of aircraft attitude and height 
integrated into an automatic flight control 
and stability system (AFCS). 
 
4.5 R&D programme and impending in-
novations 
The current R&D programme of Tunisia 
Aero Technologies Industries S.A.[1]         
prioritises engine, airframe material and 
structural development, and enhanced    
aerodynamics to maximize the performance 
of the future Djebel Laassa UAV. The R&D 
programme includes the following: 
 
Engine, Airframe Materials and Structures 

¶ Development of a new Italian-made        
4-stroke twin-opposed cylinder engine 
that extends flight endurance to 24 hours.  

¶ Implementation of an integrated approach 
to enhanced vehicle configuration and 

structural design using numerical analysis 
for the aeroelastic tailoring of composite 
structures of the vehicle. The new     
structural design increases the vehicle's 
aerodynamic performance during        
medium/high altitude, long-endurance 
missions. 

 
Aerodynamics 

¶ Boundary-layer research focuses on      
(1) transition prediction according to the 
three-dimensional pressure gradients, 
Reynolds numbers and Mach numbers 
typical of the UAV flight regimes and     
(2) flow modelling to explore the benefits 
of natural laminar flow. 

¶ Application of real-time flow sensing and 
actuation techniques. 

¶ Use of design architectures for complex 
multidisciplinary problems that include 
highly integrated systems. 

¶ Aeroelastic analysis and design of a   
flexible, adaptive wing. 

¶ Incorporation of novel vehicle flight     
control concepts based on flow control. 

¶ Modelling and exploitation of unsteady, 
nonlinear, three-dimensional aerodynam-
ics. 

 
5. CONCLUSION 
Aerodynamic modifications are proposed 
that enhance the maximum lift, flow control, 
stalling behaviour and flight stability      
characteristics of the air vehicle prototype. 
The main modifications include the use of an 
S1223 airfoil, VGs and a Gurney flap for the 
wing, a constant-section variable-thickness 
S1223 airfoil for the propeller, wing fence 
adjustments, and introduction of wing taper, 
dihedral and geometric twist. The current 
R&D programme of Tunisia Aero          
Technologies Industries S.A.[1] prioritises 
modifications to the air vehicle's engine and 
structural design and the introduction of   
advanced aerodynamics concepts that     
enhance the vehicle's performance in medi-
um/high altitude, long-endurance missions. 
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7. NOTATION 
AFCS automatic flight control and stability 

system 
AR aspect ratio 
b  spam (m) 
c chord length (cm) 
cl /cd lift-to-drag ratio 
cl max maximum lift coefficient 

cm,c/4 moment coefficient 
g g-force (units of standard gravity) 
LE leading edge 
MTW maximum total weight (kg) 
Re Reynolds number 
S  surface area (m2) 
VG vortex generators 

x, y Cartesian coordinates  

 

Ŭ angle of attack (°) 

ŭ angle of incidence (°) 
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