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ROLES AND RESPONSIBILITIES 

 

 The senior design project was split into six distinct sections with each member having 

a responsibility to make sure their assigned task was completed.  These tasks were: math 

model (Andrew Levine), computational fluid dynamics (Mike Perillo), simulator model 

(Isaac Mavis), wind tunnel model (myself), free-flight models (Dan Wibben), and flight data 

recorder (Brandon Napier).  Ultimately, most of our team worked on each task throughout the 

year.  My primary focus was on my individual task, which was the wind tunnel testing.  

Please note that our advisor wanted us to maintain two individual yet related reports for each 

semester we worked on the project.  The report written for ‘Fall 2008’ represents the work 

completed for the first semester, and the ‘Spring 2009’ report illustrates the progress made 

this past semester. 

 Wind tunnel testing was needed to achieve objective information about our design in 

the iteration following the due date of the first report.  Andrew Levine and I worked on the 

construction of the wind tunnel model (scaled down from our theoretical full-size).  I 

developed the test matrix for the experiment (what we were going to test) as well as lead the 

data acquisition since I have had experience working with the Undergraduate AME Wind 

Tunnel prior to this project.  Once the raw data was collected, I processed and analyzed the 

data which is presented in the ‘Spring 2009’ report. 

 I was also included on various free-flight model constructions and testing, as well as 

some CFD analysis in both the fall and spring semesters in an effort to obtain initial sets of 

data and later complete the mesh of the model and begin analysis.  Ultimately, the individual 

in charge of their dedicated task put forth the most effort and focus on that task, with the 

exception of the free-flight models. Every group member has participated in some phase of 

construction or testing of free-flight models due to the importance and time commitment to 

this aspect of the project.    

The content and organization of the paper written for the first semester was split 

between the group members as evenly as possible to reflect the work that each individual had 

completed.  I compiled and organized the second semester’s paper in order to allow for other 

group members to continue working on construction of our final model. 
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2 ABSTRACT  

The purpose of this project is to design an operationally stable, dynamically scaled 

oblique flying wing.  There are several key parameters that must closely be watched in the 

design of such an aircraft.  One deals with facilitating sizing for accurate moment of inertia 

modeling.  Another includes altering the design to allow for static stability as this had not 

previously been achieved.  While feasibility of oblique flying wings has already been established 

for the cruise flight regime, this team was tasked with verifying the feasibility of the takeoff, 

holding, and landing flight regimes.  Our first design phase included airfoil design, planform 

integration, and mathematical modeling.  The project then moved towards computer analysis 

and construction of first order foam models as well as flight computer design and testing.  The 

next phase of design will include construction and testing of wind tunnel and free flight models 

as well as integration of a fully functional flight computer into the first iteration of our 1/40th 

scaled oblique flying wing, the OB-1. 
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3 INTRODUCTION 

Little progress has been made in the design and construction of oblique flying wings for 

commercial aircraft since conceptualization in the late 1950s. The concept of a flying wing that 

can fly efficiently at subsonic and supersonic speeds has great potential for commercial success. 

This design project will utilize the oblique flying wing idea in order to create a viable and 

efficient supersonic commercial transport. 

3.1 Objective  

For this project, three primary objectives were established: 

•  Design a dynamically scaled oblique flying wing 

•  Build several models at different scales 

•  Fly and test scaled models in order to better predict the behavior and stability of 

the theoretical full sized aircraft 

In order to achieve these objectives, we divided the project into multiple stages (Section 

4.1). By using previously published oblique flying wing data, simple assumptions could be made 

that enabled the initial design of the aircraft. The use of a dynamic math model and computer 

analysis also aided in the design iteration leading to the current design. Testing scaled models 

will allow for verification and improvement on our design. 

 

3.2 Background 

The concept of an oblique flying wing, which is a flying wing that can travel efficiently at 

subsonic, transonic, and supersonic Mach numbers by varying oblique angle, were presented by 

R. T. Jones in 1958.  

 

Figure 3.2a – Oblique Wing Angle Illustration  
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By increasing the sweep angle as speed increases, the velocity normal to the leading 

edge becomes smaller, ultimately producing less wave drag. If the free stream velocity is 900 

mph and the wing is at an oblique angle of 45°, the velocity that is producing lift is 636 mph, 

which is the vector component perpendicular to the leading edge. The aircraft can travel at 

supersonic speeds but the wing will only experience subsonic or transonic effects, so wave drag 

(shocks) can be minimized. In addition, interference drag will be greatly reduced since the 

fuselage is integrated into the wing and there is no horizontal tail.  This will decrease travel 

times in addition to increasing fuel efficiency. 

3.2.1 History 

The oblique flying wing’s capabilities provide immediate economic and aerodynamic 

benefits if the aircraft is optimized for supersonic flight regimes. However, little research has 

been completed or developed since R.T. Jones until the 1990s when active digital flight control 

systems became more widespread and available. Experiments in the 1940s on oblique wing 

designs for non-flying wings proved to be promising despite new problems with coupled 

aerodynamics characteristics. In later decades, as computer processing power increased, more 

detailed analysis on an oblique flying wing was possible.  

 

Figure 3.2.1a – Artist Conception 

Companies such as NASA, Boeing, McDonnell-Douglas, and Stanford have been 

performing research in the last two decades on the project. In 1994, a joint NASA-Stanford 
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project culminated in the production of a 17 ft. span oblique flying wing designated for duties 

of a UAV. The design included 3% negative static stability, which required a synthetic stability 

system to allow for flight. This study resulted in two designs, the DAC-1 designed by Douglas 

Aircraft Company, and the OAW-3 designed by NASA Ames in conjunction with Boeing. 

3.2.2 Boeing/NASA OAW-3 

The OAW-3, which was also developed in 1994, represented a highly optimized design 

based on multiple configuration restraints and mission performance parameters. The aircraft 

was conceptualized for fast and efficient commercial transport. The aircraft was never fully 

prototyped, but there have been four design iterations leading up to the OAW-3 beginning with 

the OAW-0. 

 

Figure 3.2.2a – Boeing/NASA Concept  

For this design project, the OAW-3 was used as the basis for the full scale design. 

Multiple references will be made to the geometric, aerodynamic, and logistic aspects of the 

Boeing/NASA project. How information was used or altered for the design project will be 

provided, accompanied with the rationale behind them.  In contrast, to not confuse our design 

with the Boeing OAW-3, the abbreviation of this project’s oblique flying wing will be designated  

OB-1. 
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4 WORK COMPLETED 

4.1 Design Process  
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4.2 Dynamic Scaling 

4.2.1 Theory 

Dynamic Scaling has been a major design constraint throughout the oblique flying wing 

project.  It has been important through the semester to be sure that both what is scaled down 

from the full scale and what is designed in the Model’s scale can be scaled down and back up 

such that the behavior will match the two design sizes.  Dynamic Scaling is a method of scaling 

which matches key parameters by a scaling factor, λ, such that the behavior will be similar 

when looking at both the full scale and the model.  Simply matching the geometric sizes only 

ensures that the model will look like the full scale but not that it will behave similarly.  Dynamic 

Scaling stresses the importance of behaviour over performance.  For this reason the Froude 

Number must also be scaled.  This was particularly important to the project because though we 

are not very concerned with the maximum speed or fuel consumption as these values have 

already been proven by NASA, we are particularly concerned with matching the pitching, 

rolling, and yawing behaviour of our model to the full scale. 

A dynamically scaled model is a model that is scaled such that the size, propulsive 

power, weight and weight distribution are in scale with the full scale aircraft being modelled.  

Linearly scaled models can be used for little more than recreational use as there is no 

guarantee that the flight behaviours will be similar.  It is important to note that λ is used so that 

the scale will not be linear but will be in terms of a linear scale allowing the user to be able to 

scale different aspects of the aircraft by powers of the same linear value.  The table below can 

be used to find what powers of λ must be used when scaling different aircraft parameters. 
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Scaling factors 

 

DimensionsLinear  Model

DimensionsLinear  Scale Full
=λ  

 

Parameter    

        

Model scale factor 

Linear dimension Full scale / λ 

Area Full scale / λ² 

Volume, Mass, Force Full scale / λ³ 

Moment 4  / scale Full λ  

Moment of Inertia 5  / scale Full λ  

Linear velocity Full scale/ λ  

Linear acceleration Same as Full  

Angular acceleration Full scale · λ 

Angular velocity Full scale · λ  

Time Full scale / λ  

Work 4  / scale Full λ  

Power 3.5  / scale Full λ  

Wing loading λ / scale Full  

Power loading λ  scale Full ⋅  

Angles Same as Full 

R.P.M. λ  scale Full ⋅  

Table 4.2.1a – Scaling Factors  

There are also several general rules when looking at this theory that the group had to 

either choose to follow or bypass.  First, when dynamically scaling, it is important to make sure 

that the Reynolds Number is high enough to be sure that the changes in viscous effects will be 

negligible.  More specifically we wanted to be sure that we could assume that the increases in 

the coefficient of drag would be negligible.  Also this consideration for Reynolds number is 
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important because as an aircraft approaches a critical Reynolds number, the maximum lift also 

begins to deviate from the desired scaled lift.  This is important because as the critical Reynolds 

Number is approached, viscous effects will begin to play a large role in the behavior of the 

aircraft.  “Dynamic Modeling”, by Stan Hall suggests that when dynamic scaling, this Reynolds 

number is around 120,000.  Also it is suggested that the thickness of the airfoil section not be 

greater than 12% chord in order to keep the aircrafts Reynolds number at this value or higher.  

It is important to note that though we are defining a set critical Reynolds number to not drop 

beneath, whenever possible, it was important to also go as far above this number as possible 

because this number is not exact.   

4.2.2 Challenges 

The first and most problematic challenge of the oblique flying wing project was the 

moments of inertia.  Moments of inertia have to be scaled down by a factor of λ5.  This meant 

that the major deciding factor when choosing a scaling factor was based on what moments 

could actually be modelled in the free flight model as well as in the wind tunnel model.  Even 

though the chosen scaling factor was 40, the moments still had to be divided by 102,400,000.  

This was the most we believed we could scale the full scale moments down and still be able to 

model them in the model aircraft.  Below is a table showing the possible range of scaling factors 

considered with the chosen factor highlighted in yellow. 
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Scaling Factor, λ OAW 3 38 

3

9 40 

4

1 

4

2 

Total Wing Span 

[ft] 406.80 

10.

71 

1

0.43 

10.

17 

9

.92 

9

.69 

Chord, center [ft] 58.44 

1.5

4 

1

.50 

1.4

6 

1

.43 

1

.39 

Thickness, center 

[ft] 10.00 

0.2

6 

0

.26 

0.2

5 

0

.24 

0

.24 

T/C/ center [%] 17.11 

17.

11 

1

7.11 

17.

11 

1

7.11 

1

7.11 

Wing Area [ft^2] 

17331.0

0 

12.

00 

1

1.39 

10.

83 

1

0.31 

9

.82 

Wing Volume 

[ft^3] 

88621.0

0 

1.6

2 

1

.49 

1.3

8 

1

.29 

1

.20 

Aspect Ratio 9.50 

9.5

0 

9

.50 

9.5

0 

9

.50 

9

.50 

Gross Take-Off 

Weight [lbs] 

865000.

00 

15.

76 

1

4.58 

13.

52 

1

2.55 

1

1.68 

Ix [lb ft2] 

111905

253.04 

1.4

1 

1

.24 

1.0

9 

0

.97 

0

.86 

Iy [lb ft2] 

781039

9409.39 

98.

57 

8

6.57 

76.

27 

6

7.41 

5

9.76 

Iz [lb in2] 

770493

4525.61 

97.

24 

8

5.40 

75.

24 

6

6.50 

5

8.96 

Iyx [lb in2] 

-

3758286.26 

-

0.0474 

-

0.0417 

-

0.0367 

-

0.0324 

-

0.0288 

Izx [lb in2] 

-

31395684.06 

-

0.3962 

-

0.3480 

-

0.3066 

-

0.2710 

-

0.2402 

Iyz [lb in2] 221604 0.0 0 0.0 0 0
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4.70 280 .0246 216 .0191 .0170 

Table 4.2.2a – Selected Scaling Factor  

The next problem ran into with dynamic scaling was the required airfoil thickness.  

Though it is suggested that the airfoil thickness not be greater than 12% chord, we felt it was 

important to keep our center airfoil section at or above 16% chord.  This decision was made 

keeping in mind that the full scale aircraft would have to be thick enough in its payload section 

of the span for passengers to comfortably stand and move around.  After running a few 

simulations and calculations the estimated flight Reynolds number came out to be around 

500,000 meaning that though the airfoil thickness would be outside the suggested limit, it 

would still satisfy the Reynolds number Requirement.   

Finally the last major challenge was the weight.  Though weight is scaled by a factor of 

λ3, the weight of the aircraft structure must be only half of the allowable weight.  This means 

that the group can only use half of the scaled down weight shown in table 4.2.2a.  This is so that 

the moments of inertia can accurately be simulated.  More specifically, the moments of inertia 

of the model will be so great, that approximately half of the allowable weight will need to be on 

movable ballasts at the ends of the wingspan in order to match the magnitude correctly.  

Though the issue of falling under half of the allowable weight is key for the project, the topic of 

moveable ballasts has not yet been considered as the project will only test three specific flight 

regimes unless time permits for further testing.  These three flight regimes include take-off, 

holding, and landing.  Though the weights will need to be moved for each flight regime, they 

will not need to be moved during flight for the purposes of this project.   

4.2.3 Benefits 

There are several benefits to dynamic scaling.  First, the cost of building models is much 

cheaper simply in terms of the materials needed to build the model as well as in terms of the 

facilities needed to test the model.  For example, it would cost less to find a wind tunnel 

capable of testing a three foot wing span compared to a thirty foot wing span.  Also time is a 

key benefit.  With this project spanning such a short time frame it is valuable to obtain meaning 
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full results in short amounts of time.  Dynamic scaling allows for quick and cheap modeling 

while still providing accurate results.  

4.3 Airfoil Selection 

Airfoil selection is a critical decision for any type of aircraft.  For a flying wing this 

decision can be even more critical because of the lack of longitudinal stability.  Typical aircraft 

are able to compensate for the large pitch moments by use of their horizontal tail.  In addition 

to the pitch stability from the horizontal tail, the conventional aircraft also has a relatively 

larger moment of inertia about its lateral axis which is the result of the mass of the fuselage and 

tail.  However, this moment of inertia for the flying wing is significantly smaller than the 

conventional aircraft, which makes the flying wing more susceptible to pitching moments.  The 

Boeing OAW project used a custom designed supercritical airfoil.  This type of airfoil is most 

beneficial for flight at high subsonic speeds and low supersonic speeds, which is most likely why 

the OAW project chose to use this airfoil.  Additionally the OAW airfoil had a maximum 

thickness of 16% chord.  The primary reason for this was to allow room for passengers and 

other mechanical components of the aircraft.  It is important to note that this airfoil may have 

moment coefficients that are too large for the OB-1, but that decision will be verified in later 

calculations. 

In order to mimic the dynamic behavior of the aircraft in the best possible manner, the 

characteristics of the OAW airfoil needed to be found so that they could be matched.  Since no 

data on the airfoil that was used could be found, it was necessary to find an airfoil that would 

produce similar results.  This was done by breaking down the airfoil into its key parameters.  

The parameters that were to be focused on were: 

1) Airfoil Shape 

2) Cl,max 

3) Cl,0 

4) Cl,α 

5) αo 

6) αstall 
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Since the moment coefficient was expected to be too large for a flying wing without an 

automated flight control system it did not have a high priority.  However, the value of Cm for 

the Boeing OAW airfoil was still observed and analyzed in the event  

4.3.1 The SC(2)-0714 

The shape that was to be matched was found from one of the reports Boeing produced.  

The shape on the following page was the desired overall shape of the airfoil.  As was stated 

earlier, no data was found about this airfoil so the necessary information was calculated using 

XFLR5. 

 

Figure 4.3.1a – Boeing OAW Airfoil 

Since the coordinates for this airfoil were unknown, the shape was approximated by the 

SC(2)-0714 airfoil.  This airfoil was chosen after searching through several others. 

Figure 4.3.1b – SC(2) – 0714 

Once the SC(2)-0714 was found, XFLR5 was used to produce the needed polars.  The 

first graph to take note of is the moment coefficient vs angle of attack. 
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Figure 4.3.1c – SC(2)–0714 – Cm vs α 

As was expected, the Cm for this airfoil was too large (≈-.113) for the OB-1.  The next 

step in choosing the airfoil for the OB-1 was to find an airfoil that had a low Cm, but still 

maintained the other parameters of the SC(2)-0714.  These parameters can be seen below in 

the Cl vs α curve figure. 

 

Figure 4.3.1d – SC(2)-0714 Cl vs α 
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The values for this airfoil can be seen to be extremely large and unrealistic for the flight 

regime of the scaled OB-1.  The maximum lift coefficient was found to be 2.7 which occurred at 

an angle of attack 27°.  The curve above was calculated using a Re of 50 million, which is the 

primary reason for generating the large values. 

4.3.2 The S5020 

In order to find an airfoil that was more sensible for the scaled OB-1, the parameters 

that were to be matched were narrowed down to: 

1) Low magnitude of Cm  

2) Similar lift curve slope  

3) Thickness for avionics/payload 

After searching through several airfoils one airfoil was found to fit the necessary 

constraints.  This airfoil can be seen in Figure 4.3.2a on the following page. 

 

Figure 4.3.2a – S5020 Airfoil Shape 

As can been seen in the figure above, the thickness of the airfoil was not large enough 

to fit the constraints that were previously assigned.  This airfoil only has a maximum thickness 

of 8% chord.  If this airfoil was to be used on the full sized OB-1, the maximum height available 

for passengers would be just over 4 feet.  This value is substantially unacceptable, and because 

of this, the maximum thickness of the airfoil was increased to 16% chord. 

 

Figure 4.3.2b – S5020 with 16% Thickness 
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After the thickness of this airfoil was increased, the following results were calculated 

and then compared to the values for the SC(2)-0714.  The results below were calculated using a 

Re of 500,000. 

 

Figure 4.3.2c – Cm vs α for S5020 with 16% Thickness 

 

Figure 4.3.2d – Cl vs α for S5020 with 16% Thickness 
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The results from the graphs above show more achievable values for the OB-1 flight 

regime.  From the moment graph it can be seen that the moment coefficient of the S5020 with 

16% thickness is significantly smaller than that of the SC(2)-0714.  In fact, Cm,max of the S5020 is 

smaller than the Cm,max of the SC(2)-0714 by a factor of approximately ten.   The lift curve 

displays much more realistic values with a Cl,max of ≈1.43 at an angle of attack of ≈15°. 

4.3.3 Conclusion 

Even though only some of the airfoil parameters were reached, the choice of the S5020 

with 16% thickness can still be seen as a successful step in the right direction.  The lift curve 

slope, low moment coefficient and thickness will allow the OB-1 to be fully functional without 

the need for artificial stability, while still being able to carry the necessary payload with a 

similar Cl,α.   

 

 

 

Boeing OAW-3  

SC(2)-0714 

OB-1  

S5020 

Re 50,000,000 
500,0

00 

Max 

Thickness 
16% 16% 

Cl, max 2.7 1.43 

Cl, 0 0.5 0.175 

Cl,α 6.37 5.73 

αstall 26° 15° 

α0 -5° -1.25° 

Table 4.3.3a – SC(2)-0714 vs S5020 with 16% Thickness 
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Figure 4.3.3a – SC(2)-0714 vs S5020 with 16% Thickness 

The tables and graphs above compare the values of the SC(2)-0714 with the S5020 with 

16% thickness.  The graphs provide an excellent visual of the reduction in the moment 

coefficient and how the Cl,α’s are approximately equal. 

 

 

 

4.4 Planform Design 

There were two important considerations in the selection of our planform providing 

adequate payload, and achieving the proper aerodynamic characteristics.  One important 

aerodynamic characteristic is achieving a laterally symmetric lift distribution.  The planform 

design will be an iterative process.  The planform will be continually improved upon and 

updated far into the second semester because it requires feedback from CFD, simulation, and 

flight testing.   

Achieving a laterally symmetric lift distribution is difficult with an asymmetrically swept 

wing because of the induced downwash.  The downwash caused by a wing creates an added 
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induced angle of attack.  For a swept wing the downwash increases from the root to the tips. 

For asymmetric wings this creates undesired moments on the aircraft.   

 

Figure 4.4a – Pressure Distribution over Oblique Wing 

Research revealed several methods for achieving the desired symmetric lift distribution. 

These techniques include planform adjustments, asymmetrical tip shaping, asymmetric wing 

twist, and variable tip dihedral.  In order to keep construction complexities within reason, tip 

shaping was abandoned.  Wing twist is commonly used on a conventional aircraft, however for 

oblique wings the amount of twist required is a function of oblique angle. For this reason, wing 

twist is not used on our planform at this time.   

The starting point for our planform is a symmetric variation of the Boeing OAW-3.  

Starting with a symmetric planform will allow for quick and easy analysis using a less powerful 

flow analysis program.  The planform is broken into three sections: a straight center, and two 

linearly tapered wing tip sections.  More sections may be added if needed. Linearly tapered 

sections were chosen to be used because of the great simplification in construction. 

 

Figure 4.4b – Preliminary Planform 
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4.5 Math Model 

The oblique flying wing is to be considered an unconventional aircraft and cannot be 

assumed to behave as a conventional aircraft would.  In absence of a pitch stabilizing tail, the 

oblique flying wing will be considerably unstable about the pitch axis leaving the pitch stability 

to rely upon the control surfaces.  This aircraft will not fly perpendicular to oncoming airflow, 

but at a constant yaw (oblique) angle which will cause asymmetry about the stability x-axis and 

x-z plane.  Due to the aircraft’s asymmetry, inertial coupling will take place such that the cross 

moments of inertia, Ixy and Izy, can no longer be considered to be equal to zero and must be 

accounted for when formulating the dynamic equations of motion.  Furthermore, the vertical 

fin(s) will only be on the trailing half of the wing and not the opposite side.  This asymmetry will 

cause more inertial coupling as well as aerodynamic coupling.  All of these unconventional 

factors will contribute to the oblique flying wing to need a unique implementation of control 

surfaces.  For instance, in order to pitch the aircraft up only, a simple elevator deflection will 

not suffice because that will cause a yaw and roll moment to some degree.  There will be a 

specific combination of elevator, aileron, and rudder deflection to perform any stable 

maneuver. 

The oblique flying wing must be theoretically modeled using fundamentals of physics 

and math in order to predict its response and stability with given control inputs.  The best place 

to begin this prediction is with the use of Newton’s 2nd Law, ∑F=ma.  The following vector 

equations are the basis of the formulation of the math model: 

 

    ��� � ∑���	����� 
 ∑���	�����    Equation 4.5.1 

  � � �� � ��� � �� � �∑���	����� 
 ∑���	������   Equation 4.5.2 
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Where; �� � �������� � ��
��
����	 
 ��� �  !��"�	 
 � # � $���%�	 
 �$! � �#�&'

''
(
, �� � )�*+,, � � -./0, ∑���	����� � 1����	�2�34����	�2�34����	�2�345, and 

assuming the aircraft is a rigid body, ∑���	����� � 0. 

  

 

 

 

 

Figure 4.5a – Coupled Dynamic Equations 

In the above equations, all aerodynamic forces and moments can be broken down 

further into functions of stability derivatives that take the general form of: 

.3�27 � 82 :∞;∞
<=%�>?4>@ @ 
 >?4>  
 >?4>$ $ 
 >?4>AB AB 
 >?4>A3 A3 
 >?4>A� A� …� 

The above system of 2nd order ordinary differential equations can be solved with the use 

of a computer program such as MATLAB.  First, an equilibrium state must be found for a given 

set of inputs.  Any change in control inputs will be implemented such as E FGH , ∆A� , ∆AB , ∆A3, 

and the system of differential equations can then be solved by inserting the initial conditions 

and Δ(control input) into a built-in MATLAB program such as ODE45.  All components of motion 

are solved for and the aircraft’s response and trajectory can be observed through time 

dependent graphs. 

Stability is a critical design requirement for any aircraft and particularly the oblique 

flying wing’s stability and modes are of interest.  In order to predict the stability of this aircraft, 

the nonlinear equations of motion were linearized into the following form: 
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Figure 4.5b – Linearized Coupled Dynamic Equations 

 The above equations must then be organized such that a characteristic matrix or 

stability matrix can be defined.  Once the stability matrix is defined, its unique eigen values, λn, 

and eigen vectors, Vn=[Vn1,Vn2,Vn3,…], can be calculated.  These values and vectors can then be 

used to find the modes of the aircraft which will take the general form of: 

KLM#1 � *P��� � QP� MRS	,      KLM#2 �  *<��� � Q<� MRT	, KLM#3 � *V��� � QV� MRW	, … 

The stability of the oblique flying wing depends on the stability derivatives for a given 

configuration.  Simple approximations in the form of hand calculations that are used for 

conventional airplanes cannot be used for the oblique flying wing.  At this point in our research 

all stability derivatives must be found using CFD or wind tunnel testing.  Simple computer 

programs such as XFLR5 are most practical for the sake of quick results in the preliminary 

design stages.  As soon as a full set of stability derivatives are calculated for a given oblique 

flying wing configuration, they can be plugged into the math model and then the stability and 

modes will be observed.  This will be an iterative process and when an unstable configuration is 

seen, control surface parameters will be adjusted, new stability derivatives will be calculated 

and inserted back into the math model to observe how the aircraft’s stability has been affected.     
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4.6 CFD 

4.6.1 Challenges 

As with all aspects of this project time is the key issue.  Because this project spans only a 

year, accuracy has to be sacrificed in the beginning stages for the sake of time.  The challenge 

was to make estimates to the best of our ability with the given time.  Throughout this project, a 

big question has been the coupling effects of different control surfaces as well as what control 

surfaces are needed for standard transport flight.  Because our group does not have the 

experience required to know how each of the control surfaces will affect an oblique flying wing, 

we will require testing of several different control surfaces and several different combinations 

of deflections for these control surfaces.  For this reason, though a capable CFD program would 

have yielded the most accurate results, a less accurate mode of estimation had to be used for 

parameter searching.  Several ideas for these control surfaces are discussed in the Control 

Surfaces section of this report; however this section will discuss the means by which these 

surfaces are analyzed.    These considerations are what led the group towards choosing the 

program XFLR5 for parameter searching. 

 

4.6.2 XFLR5 

XFLR5 is a program which interfaces with X-foil and AVL.  The creators of the program 

state that the program is capable of very accurate estimations with single wings but looses 

accuracy when combining these wings with tails and fuselages.  Though it would have been 

preferred to use a well known program that is known to work for all applications, time must be 

considered and so we had to choose a program that would allow for completion of the project 

in the allowed time.  Because the oblique flying wing is simply a wing, the program was chosen 

to estimate the effect of several flight parameters.  We are assuming that though we will not 

use the program for verification, but rather a trusted CFD program, we can use this program for 

initial parameter searching and that the program will yield accurate enough results for choosing 

control surfaces and estimating stability derivatives.  Later we will use a CFD program in 

combination with free flight testing and wind tunnel testing to find exactly what kinds of 

deflections we will need for the control required of an aircraft being used for similar 



29 

 

applications.  The major problem with XFLR5 lies with the integration of vertical fins used for 

yaw stability and control.  Though we have yet to mathematically analyze the effect of the 

location and size of these fins, we have tentatively decided to model them asymmetrically on 

the side of the wing that will be aft of the center of gravity after the plane is yawed into its 

oblique angle.  XFLR5 currently does not allow the user to place a vertical fin anywhere but 

directly on the x-axis.  This means that we currently are performing our analyses without a 

vertical fin.  The program is capable of using two different methods of estimation.  These two 

methods are Vortex Lattice Method, and 3D Panel Method. 

  

 

Figure 4.6.2a – Vortex Lattice Method 

 

Vortex Lattice Method, VLM, was used in the beginning of this project due to its time 

advantages.  The downside of this method is inherent in its assumptions.  First, the method 

assumes that the flow is incompressible, inviscid and irrotational.  For this reason this approach 

could not be used to make any sort of estimations based on drag and viscous effects.  Also VLM 

neglects the effects of thickness on aerodynamic properties as it simply takes camber line of 

the airfoil and makes it estimations from that.  For this reason, VLM also couldn’t be used to get 
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any data on the pressure distribution over the wing.  Though this approach does give 

information of the average pressure over the airfoil this data has relatively little use for the 

project.  The program also makes small angle approximations.  This meant that the method 

could only be used for small deflections and tilt angles of the wing.  The group was not able to 

use this method to find behavioral trends at high angles of attacks including the stall regime.  

This is also because VLM is forced to use information from the coefficient of lift to calculate 

values such as the coefficient of drag, transition location and other effects from viscosity.  

Finally VLM does not take into account sideslip.  This led for an increased need for another 

method of estimation, as slide slip is particularly important for an aircraft that will be flying at 

an oblique angle.  Because the program uses sideslip to simulate these oblique angles it could 

not be used for any flight regimes other than those where the wing would be perpendicular to 

the flow such as take off and possibly landing.  This method of estimation was used primarily to 

discover quantitatively the effects of different planforms and airfoils as well as the basic effects 

of different control surfaces, their locations, and size. 

 

 

Figure 4.6.2a – 3D Panel Method 

Though 3D Panel Method is not as fast, as it requires approximately four times the 

calculations as the vortex lattice method, it did solve several problems inherent with VLM.  

First, thickness is taken into account.  Also the wing is modeled as a series of doublets and 
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sources over the top and bottom surfaces of the wing instead of simply the camber line of the 

airfoil.  This meant that the method could be used for finding variables based on viscous effects 

and also that it could be used to analyze the cp distributions over the top and bottom surfaces 

of the wing.  Because this method does not merely use information from the coefficient of lift 

to calculate its viscous effects on the aircraft, it was used as a better estimation for drag and 

the point of transition.  Though the group has not specifically discussed concepts such as 

transition and tripping the flow, it has been brought up due to the fact that current commercial 

aircraft induce turbulent flow in order to improve the stall characteristics and allow for a more 

safe indication of stall.  This method is currently the most accurate method of estimation being 

used by our group to more qualitatively figure out how much deflection is needed from each 

control surface as well as where they should be located and what their geometric properties 

need to be in order to satisfy the needed control. 

 

4.6.3 Analysis 

  

Figure 4.6.3a – Flap Deflections 

XFLR5 follows a very systematic method of airfoil creation, analysis and wing analysis.  

First the airfoils must be created.  Because the program is not detailed enough to allow the user 

set a section as a flap, elevator or aileron and then deflect it, the user must create specific 

airfoils for each deflection of each control surface.  Though this process is quite time 

consuming, it can be done at the beginning of the project and used throughout completion.  

This is also where the first problem of Reynolds Number arose.  Because each airfoil must 
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individually be analyzed over its entire Reynolds number range, the user must either define a 

range or series of Reynolds numbers to test.  Also the local Reynolds number may not be 

apparent to the user before analysis, as we found that the local velocity over a steeply 

deflected control surface can greatly increase, causing the airfoil to need analysis over a much 

greater Reynolds number range than the aircraft as a whole.  After the first analysis was ran the 

group found that the control surfaces were not analyzed over an adequate Reynolds number 

range and this caused the need for a seconded iteration of airfoil analyses.  After the second 

group of analyses were run the group realized that the predefined range may not have been 

detailed enough to completely rely on the results.  The conclusion was to redo the analysis over 

a more detailed range and to also rely on the wind tunnel testing for verification.   

 

Figure 4.6.3b – Streamline Plot  

After the individual airfoils have been analyzed a wing can be created using a 

combination of these sections.  Once the entire wing is complete the analysis of the wing can 

be started.  There were several parameters which needed to be looked at.  First we had to be 

sure that the velocity, weight and moment reference were all in the correct locations.  Much of 

this information came from CAD analysis as well as from research of the full scale flight regimes.  

These values were particularly important to the project because as was mentioned earlier, 

moments of inertia are a key factor in the performance of a flying wing.  Also ranges in angle of 

attack and sideslip angle had to be determined to use the program to its full capabilities.  

Though this project did not require us to calculate exactly what these values are, we attempted 

to match the yaw angles defined by previous research on oblique flying wings.   One advantage 
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to this program is that at this point it is relatively easy to change these values and re-run the 

analysis in a short period of time.  This is what defines the reason for choosing this program for 

parameter searching.   

      

Figure 4.6.3c – Moment Example 

Finally, usable values for the math model can be pulled from XFLR5.  Because our 

oblique flying wing is not like a conventional aircraft, its moments are coupled.  This means that 

values for the stability derivatives cannot be analytically calculated in the same way as they are 

in our stability and controls class, but rather need to be experimentally found.  After analyzing 

the wing, values for the moments in each axis are displayed.  Also moments at the ailerons can 

be viewed.  The values are then placed into the math model to obtain the equations of motion.  

These values are important to the project in allowing us to make estimations for our wind 

tunnel testing and first free flight model.   

4.7 Solidworks Model 

A Solidworks assembly is being used to help with the weight and moment of inertia 

estimation of the 1/40th scale model.  Using Solidworks allows us to track our aircrafts mass 

properties as we design the interior structure.  Having the mechanical design completed in 

Solidworks will save time and money during construction. If time permits, some Finite Element 

Analysis using Solidworks built in CosmoWorks will be done on the airframe to ensure that it 

will be strong enough without being too heavy.  
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Figure 4.7a – Solidworks Model of 1/40
th

  

4.8 Simulator 

A simulator can be a useful tool when trying to obtain a visual of the behavior of the 

aircraft.  In addition to seeing the aircraft fly on a computer screen, it also provides a form of 

verification that is cheaper, safer, and faster.  The cost of materials is not necessary to construct 

models and when design modifications are made it can be much faster to alter them on a 

computer, rather than create an entirely new model.  Additionally, since no physical testing is 

done, a simulator can also provide a higher level of safety from accidents that may occur while 

testing.  A simulator will also benefit the project by being able to compare the actual flight test 

data of the scaled OB-1 to the full size OB-1 on the simulator. 

Unfortunately most simulators require the input of the stability derivates for the 

particular aircraft that is being built.  Furthermore simulators generally require charts of data, 

such as CL vs α or CL vs Λ.  In other words, in order for most simulators to operate it is necessary 

to tell it how the aircraft will behave.  Since the OB-1 stability derivatives were unknown and no 

tables of data exist this was a problem when first deciding on which simulator to use. 

After conducting research the program X-Plane was found.  X-Plane was developed by 

Austin Meyer of Laminar Research and is different than most, if not all, simulators.  X-Plane 

creates a mesh on the surface of the aircraft, and then calculates the accelerations, forces, 

moments, velocities, angular velocities, and positions of the aircraft using Blade Element 

Theory.  The simulator gives a much more realistic depiction of the behavior of the aircraft.  In 
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fact, many aircraft companies or organizations, such as NASA, CarterCopter, Terrafugia, 

Atlantica, and Cirrus, have been turning to X-Plane to aid in their design process.  To add to the 

reasons that X-Plane was the obvious choice, X-Plane is a relatively cheap program ($39) and 

comes with built in features, such as a data logger. 

So far this semester learning how to use the program has taken up a majority of the 

time on the simulator.  Even though most of the time has been dedicated to learning, many 

models have been created.  The first models were designed with a horizontal tail which helped 

resolve pitching issues that the aircraft experienced.   

 

Figure 4.8a – Preliminary Oblique Wing with Tail 

Later models have been made without a tail, but the aircraft had major pitching 

problems primarily due to the location of the engines. 

 



36 

 

 

Figure 4.8b – Preliminary OB-1 

For the sake of visualization the airfoil that was input to the program was given a 

dCm/dα of approximately -1 so that the aircraft could maintain some pitch stability.  This 

pitching moment from the input airfoil was huge and unrealistic, but was necessary to get a 

visual of how the OB-1 may handle. 

 The simulator has helped to give some insight to how the OB-1 will behave while 

perpendicular and at an oblique angle.  For instance, when the OB-1 is flying obliquely its 

ailerons act much like elevators, and there is significantly larger pitch stability while the plane is 

oblique rather than when it is flying perpendicular to the oncoming flow.  The simulator will be 

useful when making other design considerations on the OB-1. 
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4.9 Free Flight 

The most important purpose of building a free-flight model is to allow one to visually 

see how the plane flies.  This was done by quickly building low-cost models and simply tossing 

them to see how they behave.  This is a vital step in the design process because it not only 

allows verification of calculations, but it brings a physical perspective to the project.  During the 

first semester of this project, several small models of our OB-1 were created.  Each of these 

models had different sizes and each behaved in a different manner. 

The first glider built this semester was the smallest.  It had a 5 inch mean chord and had 

a span of approximately 1.5 feet.  This model was originally designed to begin work using the 

foam cutter so that when it was time to build the final model, any small issues would already be 

solved.  During the creation of this model, the selected airfoil was used, but a problem was 

encountered with the thickness.  While cutting this model, the foam cutter showed a specific 

thickness on the computer screen which was our chosen 16%.  However, in reality the model 

was showing a much thinner airfoil section.  Because of this, several different combinations of 

cutting speed and temperature were tried in order to get the best possible shape.  Eventually, 

this combination was found and it was using this that the first model was finally built.  After it 

had been cut out of a used piece of foam, a small elevator was cut out and deflected in order to 

produce more stability.  A vertical fin was also attached to the aft side of the planform and an 

alligator clip was placed on the front of this model.  The model had a constant chord and was 

essentially a flying rectangle.  Using this very rough foam model, it was then thrown so its 

behavior could be examined.  Surprisingly, the model flew well beyond our expectations.  It was 

able to easily glide over 10 feet before hitting the ground while flying at an oblique angle.  The 

asymmetric location of the vertical fin allowed the model to fly without the leading edge of the 

wing being perpendicular to the flight path.  Using this model as a first step, plans on building a 

new, larger glider were begun so this success could be continued. 

The next model created had a span of 3 feet and was built less than 2 weeks after the 

first model.  This model had three distinct sections that we combined to create the whole wing.  

The middle section had a constant chord and on its own looked very similar to the original 
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model.  On either side, it had tapered wing sections that had a root chord of 5 inches and a tip 

chord of 3 inches.  On this model another vertical fin and elevator were created.  Unfortunately, 

this model did not have the same success as it predecessor.  It had very inconsistent flight 

behavior, sometimes flying very well and others it simply crashed to the ground.  This model is 

still being worked on and plans on continuing the refining process are in order to gain some 

consistency. 

The final model built this semester is one with a 6 foot span.  This model is unlike the 

last in that it is made of two pieces.  Also, these pieces are linearly tapered, so the center 

section is not of constant chord.  On this glider, the root chord is 9.5 inches and the tip chord is 

4.5 inches.  This model has only been cut from the foam and has not been flown yet.  In the 

near future, some basic control surfaces and tests will be performed like on previous models.  

This model will also have a fiberglass shell exterior so that the foam core will not be easily 

damaged, one recurring problem from the previous two models.    

 

Figure 4.91a– Three models built this semester (from top): 1.5 foot span, 3 foot span, and 6 foot 

span 
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4.9.1 Construction 

The models are being constructed using FoamWorks and a CNC hot wire foam cutter.  

These tools allow the models to be built quickly, efficiently, and at a low cost.  Using the 

FoamWorks software, airfoil and planform shape can be created accurately, as well as any taper 

or twist that is desired.  The latest model that has been built, one with a 6 foot span, will also 

incorporate the next step of the construction process, a fiberglass shell.  This will be a thin, 

clear shell over the foam core that will protect it from crashes.  This is a vital step because as 

with any testing, there will be failure and this will make sure that the models don’t become 

severely damaged after one test flight. 

4.10 Flight Data Recorder 

It is important to be able to measure the inputs and response of the 1/40th scale model 

during flight testing so that the full sized aircraft performance can be estimated.  Research was 

done to find an off the shelf flight data recorder (FDR) that would be light weight, provide the 

data needed, and stay within budget.  Nothing was found that matched this criteria so if was 

decided to build a custom FDR.  A prototype was build and flight tested using a standard radio 

controlled aircraft.  The prototype has limited capabilities but proved that building the custom 

FDR is feasible.    

Flight Data Recorder Prototype 

Capabilities Hardware  

Transmit data 1 mile X-bee pro 60mW 

transceiver 

Stores data Ground based laptop 

30 Hz sampling rate eight 32-bit 80mHz 

processors 

Pitch/roll rate and angle  5-DOF IMU 

Elevator position Potentiometer with 12-

bit ADC 

Table4.10a – FDR Capabilities and Hardware 
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Figure 4.10b – FDR with Ground Station, FDR Test Aircraft 

5 WORK PROPOSED 

5.1 Continuing Work  

5.1.1 CFD 

Our group plans to eventually move towards a more capable CFD program.  Once the 

group has come up with a basis for which control surfaces to use, to what extent they will be 

deflected, and have narrowed down the possible configurations for analysis, the CFD program 

will be used for verification purposes.  Though this verification could be simply shown through 

wind tunnel analysis and free flight testing, there will be somewhat of a leap between the wind 

tunnel testing and free flight testing.  Because the wind tunnel can only facilitate a three foot 

wing span, and the free flight model will be a ten foot wing span, CFD will help to ensure that 

once the free flight model is built, it will behave the way which the group has designed it.  The 

CFD will thus be used as more of a verification tool rather than an analysis tool. 

 

5.1.2 Math Model 

During the next semester the math model will be utilized to determine the OB-1’s 

stability and response to control inputs.  This process will begin with using the stability 

derivatives of the most current control surface configuration found from XFLR5.  These values 

will be inputted into the math model which will output the OB-1’s stability and response for 

common commercial aircraft maneuvers.  If the results show that the configuration is unstable, 

the control surfaces will be adjusted for the next iteration and this process will continue until a 
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stable control surface configuration has been identified.  The simulator will also be utilized to 

make preliminary estimates as to how to adjust the control surfaces toward a more stable 

configuration. 

5.1.3 Simulator 

The built in flight data recorder in X-Plane will allow for a numerical comparison of the 

actual flight data recorder that will be used to physically measure the data from the scaled OB-

1.  It will also be able to help verify the outputs that the math model will give along with being 

able to give a visual of how the full size OB-1 will behave.  Below is a brief table of the values 

that was extracted from a take off in a theoretical model of the full size OB-1 in X-Plane. 

Vin

d(kias) Gload 

el

ev 

M 

(ft lb) 

Qd

ot 

(deg/sec) 

22

4.50786 

1.04

494 

0.

34 

-

1662666 

-

4.539 

22

5.77242 

1.03

011 

0.

33 

-

1081171 

-

3.086 

22

6.78113 

1.05

486 

0.

32 

-

890581 

-

2.4312 

22

7.4077 

1.08

241 

0.

3 

-

1362556 

-

4.127 

Table5.1.3a – X-Plane Data Recorder Sample 

  

X-Plane will be a valuable tool to use when changes need to be made to any 

aerodynamics component of the OB-1.  X-Plane will be able to help adjust various parameters 

of the OB-1 by changing different aspects of the aircraft, such as sweep, twist, and dihedral, 

quickly in the event changes do need to take place.  Also, X-Plane will help to aid the different 
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control surfaces decisions that will be made in the future by the using data from the flight data 

recorder, and being able to see the response of the aircraft with various inputs.   

 

5.2 Control Surfaces  

The control surfaces for the OB-1 will be absolutely vital for maintaining its stability.  

Not much analysis on the size, location, and type of control surfaces for the OB-1 has taken 

place yet, but will be a primary focus for the second semester.  The OAW project has a brief 

breakdown of the location and orientation of the control surfaces they had planned to use, but 

there was no verification or testing information in the documents that were provided. 

The OAW project appeared to use six control surfaces.  These control surfaces were 

sized to 20% chord and they were oriented to face the oncoming flow when the airplane was 

flying oblique.  Below is a picture of the planned control surfaces of the OAW project. 

 

Figure 5.2a – OAW Project Control Surface Layout 

The control surfaces located on the left of the image were for the more aft part of the 

wing when it flies at an oblique angle.  It is fairly noticeable from the picture that the more aft 

control surfaces are larger than those at the front of the aircraft.  This is most likely due to the 

reduced efficiency the aft wing experiences from the downwash and the wake of the more 

forward section of the wing. 
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Figure 5.2b – OAW Project Control Surface Hinge-line and Areas 

The figure above displays the hinge-line and the areas of each control surface.  The 

numbers on the left represent the planform area of each control surface and the number on 

the right represents the sweep angle of the hinge-line for each of the control surfaces in the 

diagram. 

The vertical fins of the OAW project were located on the aft section of the wing.  

However, no permanent decisions were found in the information that was found.  The OAW 

project had documented specific geometric relationships and locations of their vertical fin, but 

the number of fins that was to be used was still in the design process.  The OAW project was 

also in the process of analyzing the use of fins on both the upper and lower sections of the 

wing, but the finals decision of the vertical fins is unknown. 

The control surfaces for the OB-1 have not yet been analyzed, but some brief discussion 

about them has taken place.  It is important to remember that even though the topic of control 

surfaces has been discussed none of the decisions that will be mentioned after this are near the 

final stages.  The OB-1 may use a similar set up of control surfaces as the OAW project.  Two 

primary control surfaces are the flaps of the aircraft which will most likely be located near the 

center of the aircraft.  The flaps, like on typical aircraft, will aid in generating more lift for 

takeoff and landing scenarios.  However, because the aircraft is highly susceptible to pitching 

issues the flaps will also in aid in generating more pitch stability. 
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The other four control surfaces are where the complications start to arise.  When the 

aircraft flies at an oblique angle, the elevator, or elevators, and ailerons have a different effect 

on the aircraft as opposed when the aircraft has no sweep.  When the aircraft is not swept the 

OB-1 behaves as a conventional aircraft in the sense that it experiences the typical coupling 

moments from aileron and rudder deflections.  The location of the elevator and ailerons is 

dictated by which type of control is more sensitive.  For instance, when the wing is flying at an 

oblique angle the elevator could be located on the most aft part of the wing.  This is similar to 

conventional aircraft; however, the elevator will cause a rolling moment in addition to the 

pitching moment.  In order to get a full understanding of the complication of the scenario, there 

will actually be a yawing moment caused by the elevator due to the induced drag from the 

increased lift of the aft section of the wing where the elevator is located.  In order to balance 

the rolling and yawing moment caused from the elevator deflection the aileron and rudder will 

be need to be deflected in a fashion so that the aircraft will only pitch up or down. 

The vertical fin, or fins, of the OB-1 will be located on the aft section of the wing so that 

it will have weather vane stability.  However, no sizing or exact spanwise location of the vertical 

fins has been established.  These locations and sizes will most likely be found and analyzed 

using XFLR5 calculations. 

 

5.3 Wind Tunnel Testing 

For the planned wind tunnel testing, in the Undergraduate Wind Tunnel at AME, there 

will be two different experiments performed. Both will utilize a 3 ft. wingspan model with 

functional control surfaces. The wind tunnel data will be used to verify/correct the computer 

analysis data as well as check the flight capabilities of our design. The test data acquired will be 

entered into the math model to provide a more accurate prediction of the aircraft’s response. 
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Figure 5.3a – Wind Tunnel  

5.3.1 Fixed Model 

The first experiment entails mounting the model on the force balance (pylon) in the test 

section of the wind tunnel. The force balance outputs Lift and Drag forces on the model by 

measuring displacements in the strain gauges underneath the test section. These displacements 

are converted into voltage signals and are then converted into forces by the data acquisition 

program, which in this case, is a program written for Lab View.  

 

Figure 5.3.1a – Wind Tunnel Pylon  

By knowing the distance of each strain gauge to the center of gravity of the model in 3-d 

space, the aerodynamic moments can be obtained. Under normal circumstances, rolling, pitch, 

and yaw moments can be calculated. However, one of the strain gauges has been 
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malfunctioning as of late, and the yaw moment and side force data will not be gathered for the 

experiment. 

Testing will include multiple flight regimes. By changing the velocity, oblique angle, 

elevator deflection, etc., a new set of data will be obtained that can be compared to the 

computer analysis and math model predictions. If the aerodynamic response of the model is 

similar to the predictions, it will be safer to assume the viability of our design and analysis. If 

not, the wind tunnel data will be used as a basis for further math model iterations to better 

predict the dynamic behavior of the model. 

5.3.2 Free Flight Model 

The second experiment is far more qualitative. The same 3 ft. wingspan model used for 

the fixed model test or a slightly altered version will be used. The principle behind this analysis 

is the ability to see the real time reaction of the aircraft after a control input from trimmed 

conditions. The model will be connected through a flexible cable to the top wall of the test-

section-surface, upstream of the location of the pylon. The model will not be statically 

anchored to any portion of the test section.  

When the wind tunnel is turned on, the wing will be “flying” inside the test section, 

meaning that once the aircraft is trimmed, it will remain motionless to the observer outside the 

test section. By altering a control surface with a control input, the instantaneous response can 

be observed. Through testing multiple control inputs and wind tunnel speeds, a much more 

concrete understanding of how the aircraft will physically behave will be obtained. This 

information can then be used to iterate the design to fix what poses a problem for the stability 

of the plane. 

5.4 Free Flight Testing 

Through the remaining time of this semester and moving into the next, new models will 

be built and previous models will be refined.  As stated before, there are plans on refining the 3 

foot span model so that its flight behavior can become more consistent.  Also a fiberglass shell 

coat will be applied on the current 6 foot model so that the damages it receives as in testing will 
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be limited.  This model still requires control surfaces so these will be added onto the model as 

well.  Decisions will be made as a team on this model so that the vertical fin and all control 

surfaces will not just be picked on the spot, but will closely emulate the final design.  This model 

will be a big physical checkpoint for the overall design.  This model will give the first physical 

indication of the project to see if what has been chosen will work on the final design.  More 

importantly, however, larger models will continue to be constructed until the 1/40th scale 

model with a 10 foot span is built.  A 10 foot model with a foam core similarly to older models 

will be built before creating the final model.  This is because the final model will be made with a 

composite shell instead of a foam core due to weight requirements.  Using this shell will help to 

lower weight which will be needed due to the addition of electronics.  In this final model the 

flight data recorder, as well as all servos for all control surfaces, will be implemented so that it 

can be controlled from the ground.  This model will also include all engines so that it is no 

longer a glider, but a powered aircraft.  

5.5 Construction of 1/40th  

The 1/40th scale model will be constructed in a different way than the foam free flight 

models.  The weight of the aircraft needs to be very low in order to match the moments of 

inertia.  For this reason a composite shell airframe will be used instead of the foam core that 

was used on the other models.   

Molds will need to be created to build the composite shell (figure).  CNC milling is a 

popular method for making molds however it is very expensive for the size we are dealing with.  

To keep cost within budget, the CNC foam hot wire will be used to cut negative foam molds.  

The molds will then be covered in fiberglass to give them a smooth surface that will allow 

several models to be built.  This will take considerably more time than building a foam core 

model but will allow better repeatability between models and produce a cleaner, lighter 

airframe.   Carbon fiber will be used in the construction of the aircrafts shell because of its 

weight savings and stiffness over fiberglass.   The added stiffness will also allow less interior 

supports to be used such as ribs and additional spars.   
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Figure 5.5a – Foam Mold Construction 

 

                      

Figure 5.5b – Comparison of Composite Shell Wing and Foam Core Wing 

 

5.6 Flight Computer  

The prototype FDR built in semester 1 will serve as the base of the final version (FDRV2).  

All components used on the prototype will be reused in making the final version.  More 

functionality will be added for FDRV2 and it will be packaged so it is light weight and more 

durable.  A printed circuit board will be used to because it will greatly reduce the weight and 

size.  To protect the delicate electronics an electronics case will be used.  The final version will 

measure the position of all control surfaces as well as the attitude, airspeed, and pressure 

altitude of the aircraft.  Some limitations might be encountered in the sampling rate because of 

the increased amount of data being collected.  Testing showed that the sampling rate should 

not drop below 25 Hz. 
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5.7 Flight Testing 

Two types of flight testing will be utilized for the project. The first consists of testing the 

free flight models constructed without any flight computer equipment onboard. These wings 

will be hand tossed with their reactions viewed and noted by the group. By changing control 

surfaces (i.e. elevator, flaps, vertical tail, etc.), the aircrafts response will be clearly visible. This 

will act as a simple verification tool for predicted behavior, such as climb or roll, based on the 

computer and math model analysis. 

A more complete testing phase will be utilizing the 1/40 scale R/C model which will 

house the flight computer. By flying the aircraft through the planned flight regimes, a large 

amount of data will be retrieved which will be used for comparison to the predicted behavior 

and may serve as a point where further design iterations on the model can be completed. This 

testing is the culmination of the project in the sense of verification and is planned to be the 

most accurately built model produced. The information gathered from this testing phase will 

illustrate whether our math model and computer analysis were accurate. If so, the assumption 

that the theoretical full size behavior can be predicted will hold true. 

6 Budget 

 

 

 

 

 

 

 

Figure 6a – Budget 

290 Flight Data Recorder $230

IMU 120 Packaging 50

Transievers 80 Pressure sensors 60

Components 90 Components 70

Free Flight Model $30 1/40th Scale Model $2,690

Software 0 Ducted Fans and Motors 1100

Xplane Donated Batteries 500

CFX Donated Servos 100

Electronic Speed Controls 230

Airframe 700

Reciever 60

Transmitter Donated

Flight Testing $100

WindTunnel Model/Testing $20

Subtotal $320 Subtotal $3,040

Project Total $3,360

Semester One Semester Two

Flight Data recorder  Prototype
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The above table shows our projected budget for the project.  Do note that most of the 

spending will be involved in building the 1/40th scale model.  This is due mostly to the inclusion 

of electronics into the model.  Another large factor is that this model is not planned to have a 

foam core like all the others that will be built, but instead will have a composite carbon fiber 

body.   

 

 

 



 

7 Time Schedule
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2 ABSTRACT  

The purpose of this project is to design an operationally stable, dynamically scaled 

oblique flying wing.  The progress made this semester included the construction and testing of a 

wind tunnel model, multiple free-flight models (glider and powered), an updated simulator 

model, a more complete math model, a mesh for a CFD analysis, a fully functional flight 

computer, and a 1/40th scaled oblique flying wing model. 

 

3 INTRODUCTION  

This report is the continuation of the Dynamically Scaled Oblique Flying Wing report 

from the previous semester.  Each topic represented in last year’s report is updated with the 

current progress from this semester as well as the work proposed in order to complete any 

tasks left unfinished or investigated based on the goals and objectives designed last semester.  

The primary goal of this project remains to build and test a 1/40th dynamically scaled model of 

the OB-1 aircraft described in the previous report.  The idea of “Looking Back” is also 

introduced, which is a way for the project members to evaluate the courses of action taken that 

led the project to its current stage.  Suggestions are made for potential improvements on 

design iterations and alternate approaches to solving problems in order for easier analysis if 

this project is continued by other students. 
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4 WORK COMPLETED  

This section of includes all of the tasks, analysis, and objectives completed this 

semester. 

 

4.1 Math Model 

A math model needed to be developed in order to determine the stability and 

theoretical behavior of the aircraft.  Since the oblique flying wing is far from a conventional 

aircraft, primarily due to a lack of a horizontal tail, a custom math model had to be created to 

model the unique airplane.  The programming was done in MATLAB.  There were two models 

created, one nonlinear and one linear. 

 

4.1.1 Nonlinear Math Model 

For this model, the code combines all of the parameters and inputs and imports them 

into a MATLAB function ‘fsolve’, which solves for the equilibrium state of the system.  The 

program inputs are thrust to mass ratio (T/m), initial elevator deflection angle (δe), initial 

rudder deflection angle (δr), oblique angle (initial yaw), and the time increment to observe the 

response.  Within the ‘fsolve’ function, the six dynamic equations of motion are set to zero in 

order to solve for six unknown values, which are: velocities (in the x, y, and z-directions), pitch 

and roll angle, and the aileron deflection angle.  These values are then outputted to another 

part of the file which uses them as inputs to solve for the time response and stability of the 

aircraft. 

A built-in MATLAB function called ‘ODE45’ is used to solve a system of six differential 

rigid body dynamic equations.  The program provides graphical outputs to check for stability.  

The following graphs should converge to zero is the configuration is stable: pitch vs. time, roll 

vs. time, and yaw vs. time.  If these plots do not converge to zero, then the system is either 

neutrally stable or unstable.  One is also able to visualize the aircraft’s trajectory for the altitude 

gain/loss (x vs. z position) and the turning of the aircraft (x vs. y position). 
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4.1.2 Linearized Math Model 

 The parameters are initially defined to represent our oblique flying wing model.  The 

code then solves for the equilibrium solution for the linearized equations of motion and creates 

a stability matrix (9x9).  Then, the eigen values and vectors of the stability matrix are found.  

The eigen values represent the systems damping and natural frequency while the real part of 

the eigen vectors represent initial values.  The code then solves a system of linearized 

differential equations in order to then graph the normalized disturbances of the aircraft.  At this 

point, the code begins to organize the information into state space form for the dynamic 

system, which is the step prior to designing a control system.  The linear math model is 

incomplete.  More work is needed to fully develop the control system to utilize this model. 

 

4.2 CFD 

Subsequent analysis was desired after the preliminary usage of XFLR5 in the fall 

semester.  The primary function of computational fluid dynamics is to provide both predictions 

and verifications for model behavior, in this case, pertaining to the free-flight 1/40th scale 

model.  It also serves as a comparison for wind tunnel data and trends and will assist in 

determining if the finite wing analysis on XFLR5 is valid.  However, due to time constraints and 

licensing problems, there was only enough time to create a mesh of the model, and not actually 

run an analysis.  It would have been far too time-consuming to perform a parameter search for 

the model, so there are a few assumptions and items to note when viewing the mesh created: 

- Current mesh only models half of the wing 

- Only models perpendicular flight, no oblique flight 

- Wing tips are not properly modeled at oblique flight angle 

- Unstructured anisotropic tetrahedral volume mesh was used 

- No control surface deflections were used 

The wing used for the construction of the mesh was created in SolidWorks and just represents 

the planform of the wing. 
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 The program used to create the mesh is a Linux based program titled Gridgen Version 

15.  The following images illustrate the steps taken to create the final mesh: 

 

Figure 4.2a – Importing the Wing Into Gridgen 
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Figure 4.2b – Creating a Wireframe Far Field 

 

Figure 4.2c – Creating Surface Meshes 
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Figure 4.2d – Meshing the Symmetry Plane of the Far Field 

 

Figure 4.2e – Creating a volume mesh 
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It can be noted that the expansion rate of the volume mesh was calculated such that the mesh 

would incrementally increase in small amounts until it was outside of the laminar boundary 

layer.  This was done to decrease any error that would be caused by not having a fine mesh 

near the boundary of the wing.  The next step for analysis includes the use of a CFD program in 

order to obtain results that can be compared with the wind tunnel and free-flight testing data. 

 

4.3 Simulator 

A 1/40th scale model of the full size OB-1 (10 ft. span) was created in the simulator X-

Plane.  This model is a replica of the final 1/40th model that was built as the culmination of this 

design project.  Through the testing of this model, there were a few common tendencies that 

were found regarding the performance of the aircraft.  The first noticeable result is that it 

requires a substantial difference in input for the model to turn left as opposed to right.  The 

model takes a much longer time to turn to the right in flight.  It can also be seen that the rudder 

is extremely beneficial to be used on turning, more specifically when making a right turn.  

 

Figure 4.3a – Simulator Model of the 1/40
th

 Scaled OB-1 
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4.4 Wind Tunnel Model 

The testing performed was done in the Subsonic Undergraduate Wind Tunnel at the 

Aerospace and Mechanical Engineering Department at the University of Arizona.  The wind 

tunnel experiment was an important step in the design process since it provided concrete 

information about the performance and functionality of specific applications of our aircraft.  A 

variety of configurations were tested in order to determine if the current iteration of the design 

needed to be improved based on trends determined by the testing.  The wind tunnel data was 

used to verify/correct the computer analysis data as well as check the flight capabilities of our 

design.  If the aerodynamic response of the model was seen to be similar to predictions, it 

would be safer to assume the viability of our design and analysis.  If not, the wind tunnel data 

would be used as a basis for further math model iterations to better predict the dynamic 

behavior of the model. 

 

 

Figure 4.4a – Wind Tunnel 

 

4.4.1 Experimental Setup 

The wind tunnel is a suction wind tunnel, meaning there is a large motor and fan 

downstream of the test section which pulls (sucks) air through the tunnel.  The model is 

mounted on a pylon which is attached to a force balance, used to obtain the lift and drag 

information when the tunnel is operating. 
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Figure 4.4.1a – Wind Tunnel Pylon 

 

A computer data acquisition program, operated from LABVIEW was used to collect the 

data for the experiment, as well as perform the calibration and tare tests prior to data 

acquisition. 

This pylon was not truly ideal for this experiment due to the condition of the strain 

gauges on the force balance.  When the model is tested at oblique angles there will be a large 

portion of lift and drag generated behind the pylon, which produces a rolling moment.  The 

strain gauges on the force balance that would measure side force (and thus rolling moment) are 

out of commission.  

 

Figure 4.4.1b – Force Balance 

 

Thus, for this experiment, focus was placed on the lift and drag characteristics of the 

modeled flight regimes.  
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4.4.2 Model 

The model tested for this experiment was a scaled down version from our theoretical 

full size OB-1 to a 3 foot span.  The root chord of the center section was .432 ft, with a taper 

ratio of .4 for the left and right sections.  The core of the model was created from foam cut out 

into the proper airfoil/wing shapes with a combination of bondo, spackle, and paint to obtain a 

uniform and smooth surface.  The vertical tail was made out of balsa wood with the capability 

to be mounted parallel with the free stream at all times at both the center of the model and the 

right wing tip.  For this experiment, an oblique angle of 45° was chosen.  Variable sweep would 

have been extremely hard to produce with the physical limitations of the pylon, and it was 

anticipated that this angle was large enough to observe the true effects of oblique flight.  The 

comparison for the wind tunnel data will contain information at 0° sweep and 45° 

 

Figure 4.4.2a – Mounting mechanism to attach the model to the pylon and pitch rod 

 

One of the more challenging aspects of the experiment was determining how the model 

would be mounted in the wind tunnel.  As can be viewed in the figure above, a large block with 

a cylindrical tail was used as the mounting platform for the model.  One can see that this block 

is not aerodynamically designed, but the aerodynamic effects of the setup were taken into 

account by multiple tare tests.  To attach the model to this block, a small plate was machined to 

both keep the model secure and provide the ability to achieve sweep of 45°. 
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Figure 4.4.2b – Mounting mechanism to attach the model to the pylon and pitch rod 

 

A total of eight holes are machined into this plate, four of which are used at any given 

time to dictate the orientation of the wing.  The mounting of the model with the vertical tail 

installed can be viewed in the following picture. 

 

Figure 4.4.2c – Wind tunnel model at 0° sweep in the test section 

 

Please note that the appearance of the model may change throughout the pictures 

illustrated in this report.  There were two essential iterations of the wind tunnel model in terms 

of surface quality.  The image above was the first iteration, where the model surface is smooth 
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(despite apparent discontinuities in color) but a few gaps still appeared in some areas due to 

the use of paint with the specific foam utilized for construction.  The second iteration of the 

model, which was used for data acquisition, appears more uniform in color but not in texture.  

Strenuous lengths were taken to make sure the model’s surface was physically uniform and 

smooth for data acquisition. The multiple discolorations come from the use of different 

materials to coat the foam core of the model, which, when sanded down, result in an extremely 

smooth and uniform surface. 

 

4.4.3 Test Regimes 

Two velocities were chosen for testing, 14 m/s and 23 m/s, corresponding to the scaled 

values of the full size aircraft’s holding speed and cruise speed, respectively.  As a result of the 

geometric properties of the model and elevation of the testing location, the Reynolds numbers 

are 120,000 for 14 m/s and 200,000 for 23 m/s.  An angle of attack range of -12.1° to 20.4° was 

chosen to achieve a wide range of data illustrating the behavior of the model in both realistic 

and unrealistic conditions. 

 

Figure 4.4.3a – 45° sweep untripped 

 

The model was tested at both 0° and 45° sweep for 14 m/s and 23 m/s with no tripping.  

These tests are considered baseline cases for data comparison.  The vertical tail was rotated 
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such that is would be parallel to the free-stream velocity regardless of oblique orientation, 

which accurately represents the full size design.  It was expected that the oblique configuration 

would produce less lift, but also less drag than the 0° sweep case.  This would verify a fairly 

basic principle of swept wings and potentially illustrate that the full-size model would be able to 

fly at supersonic speeds with decreased wave drag. 

 

Figure 4.4.3b – 45° sweep tripped 

 

The next case that was tested was for 0° and 45° sweep for 23 m/s with tripping.  Zig-zag 

tape was used as a trip strip and was placed at the approximate location of maximum thickness 

of the wing, as seen in the figure above.  When the flow is tripped, there is a transition from 

laminar to turbulent flow.  Turbulent flow does not separate as easily as laminar flow, so 

tripping should decrease drag if there is a large amount of separation at lower angles of attack 

(which creates a lot of form drag). 
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Figure 4.4.3c – 45° sweep untripped flow visualization 

 

Some flow visualization tests were also conducted.  Using tufts attached in two rows on 

the wing, the wing’s behavior was monitored with a video camera.  The flow visualization 

testing was done for 45° sweep for 23 m/s in order to provide a more comprehensive 

understanding of the stall characteristics of the model. 

 

Figure 4.4.3d – 45° sweep untripped tail moved 



 

The tail was moved to the tip of the right panel in order to compare lift and drag 

characteristics with the first few tests with the tail in the middle of the model.  This experiment 

was devised due to the concern of cross

visible through the flow visualization test.  The hopes for the new location of the tail were less 

drag and delayed stall. 

 

4.4.4 Results 

The data was analyzed with respect to three fairly common aerodynamic comparisons: 

CL vs α, CL vs CD, and L/D vs α, where α 

trends will be presented with all of the test cases performed (except for the flow visualization 

information since it is qualitative) with general comments on the data.  More intimate 

comparisons will be made further on to point out more subtle although important results from 

the data.  Also note that the angle of attack range for the graphs has been shortened in order to 

better view the data in areas of interest.

Figure 

to the tip of the right panel in order to compare lift and drag 

characteristics with the first few tests with the tail in the middle of the model.  This experiment 

was devised due to the concern of cross-flow on the wing when approaching stall, which was 

visible through the flow visualization test.  The hopes for the new location of the tail were less 

The data was analyzed with respect to three fairly common aerodynamic comparisons: 

, and L/D vs α, where α is the angle of attack in degrees.  The results of these 

trends will be presented with all of the test cases performed (except for the flow visualization 

information since it is qualitative) with general comments on the data.  More intimate 

l be made further on to point out more subtle although important results from 

the data.  Also note that the angle of attack range for the graphs has been shortened in order to 

better view the data in areas of interest. 

Figure 4.4.4a – CL vs α – All Test Cases 
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The first observation that can be made is that 45° sweep provides a stall at a much 

higher angle of attack than the cases with no sweep.  However, at angles of attack where none 

of the cases are stalled, it is very clear that 0° sweep maintains a hig

confirming an initial prediction.  One can also see that stall is generally delayed for 23 m/s when 

compared to 14 m/s.  This result is also expected since there is more energy in the flow (often 

transitioning to turbulent) which res

Figure 

The most drastic and immediate trend noticeable is that the model with 45° sweep 

maintains a lower CD at lower CL 

flying at an oblique angle will decrease the drag of the wing.  More comparisons utilizing the lift 

and drag data will be made after the preliminary L/D analysis to illustrate benefits of some 

configurations over others for the test cases performed.

 

The first observation that can be made is that 45° sweep provides a stall at a much 

higher angle of attack than the cases with no sweep.  However, at angles of attack where none 

of the cases are stalled, it is very clear that 0° sweep maintains a higher CL than 45° sweep, 

confirming an initial prediction.  One can also see that stall is generally delayed for 23 m/s when 

compared to 14 m/s.  This result is also expected since there is more energy in the flow (often 

transitioning to turbulent) which resists separation.   

Figure 4.4.4b – CL vs CD – All Test Cases 

 

The most drastic and immediate trend noticeable is that the model with 45° sweep 

 values than with no sweep.  This essentially confirms that 

e angle will decrease the drag of the wing.  More comparisons utilizing the lift 

and drag data will be made after the preliminary L/D analysis to illustrate benefits of some 

configurations over others for the test cases performed. 
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The first observation that can be made is that 45° sweep provides a stall at a much 

higher angle of attack than the cases with no sweep.  However, at angles of attack where none 

than 45° sweep, 

confirming an initial prediction.  One can also see that stall is generally delayed for 23 m/s when 

compared to 14 m/s.  This result is also expected since there is more energy in the flow (often 

 

The most drastic and immediate trend noticeable is that the model with 45° sweep 

values than with no sweep.  This essentially confirms that 

e angle will decrease the drag of the wing.  More comparisons utilizing the lift 

and drag data will be made after the preliminary L/D analysis to illustrate benefits of some 



 

Figure 

One can immediately notice that the higher values of L/D are from the cases with no 

sweep.  This appears reasonable since the addition of sweep has the consequence of lower lift 

as a result of the wing seeing a smaller velocity than th

when the model is swept at 45°, it suffers less of a dramatic stall and maintains a significantly 

higher L/D at larger angles of attack compared to no sweep.  This indicates that when the 

model is oblique, changes in aerodynamic behavior are far less abrupt and the aircraft will have 

more desirable lift and drag characteristics prior to and post stall.

The rest of the comparisons will be focused on data with speeds of 23 m/s in order to 

better understand how the mode

focuses on the basic lift characteristics of the model when flying oblique and with no sweep.

Figure 4.4.4c – L/D vs α – All Test Cases 

 

One can immediately notice that the higher values of L/D are from the cases with no 

sweep.  This appears reasonable since the addition of sweep has the consequence of lower lift 

as a result of the wing seeing a smaller velocity than the free stream.  It is also apparent that 

when the model is swept at 45°, it suffers less of a dramatic stall and maintains a significantly 

higher L/D at larger angles of attack compared to no sweep.  This indicates that when the 

n aerodynamic behavior are far less abrupt and the aircraft will have 

more desirable lift and drag characteristics prior to and post stall. 

The rest of the comparisons will be focused on data with speeds of 23 m/s in order to 

better understand how the model behaves at scaled cruise conditions.  The first comparison 

focuses on the basic lift characteristics of the model when flying oblique and with no sweep.
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One can immediately notice that the higher values of L/D are from the cases with no 

sweep.  This appears reasonable since the addition of sweep has the consequence of lower lift 

e free stream.  It is also apparent that 

when the model is swept at 45°, it suffers less of a dramatic stall and maintains a significantly 

higher L/D at larger angles of attack compared to no sweep.  This indicates that when the 

n aerodynamic behavior are far less abrupt and the aircraft will have 

The rest of the comparisons will be focused on data with speeds of 23 m/s in order to 

l behaves at scaled cruise conditions.  The first comparison 

focuses on the basic lift characteristics of the model when flying oblique and with no sweep. 



 

Figure 

This trend represents one of the most fundamental chara

lift but delayed stall.  The model with no sweep does provide much higher lift at a reasonable 

range of angle of attacks, but stall occurs early at approximately 9°.  While flying oblique 

provides less lift at comparable angles of attack to the no sweep case, stall occurs much later at 

an angle of attack of approximately 15°.  Also note that after the swept model stalls, it appears 

to regain lift.  The model is still aerodynamically stalled.  As the model continues to pitc

increase its angle of attack, a larger component of drag on the body begins to build in the 

vertical direction.  This is more pronounced when flying oblique since the wing is no longer 

symmetrically mounted on the pylon, one wing being ahead of the o

of a cross flow on the bottom surface of the wing due to the swept wing which may also 

contributes to the increase in drag in the vertical direction.

Figure 4.4.4d – CL vs α – 23 m/s untripped 

 

This trend represents one of the most fundamental characteristics of oblique flight, less 

lift but delayed stall.  The model with no sweep does provide much higher lift at a reasonable 

range of angle of attacks, but stall occurs early at approximately 9°.  While flying oblique 

angles of attack to the no sweep case, stall occurs much later at 

an angle of attack of approximately 15°.  Also note that after the swept model stalls, it appears 

to regain lift.  The model is still aerodynamically stalled.  As the model continues to pitc

increase its angle of attack, a larger component of drag on the body begins to build in the 

vertical direction.  This is more pronounced when flying oblique since the wing is no longer 

symmetrically mounted on the pylon, one wing being ahead of the other.  There is also a result 

of a cross flow on the bottom surface of the wing due to the swept wing which may also 

contributes to the increase in drag in the vertical direction. 
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Figure 

Continuing the analysis on th

curve is shifted down due to the smaller values of lift obtained in oblique flight at the similar 

values of drag.  The curve for the swept case is also slightly shifted to the left, meaning that t

model flying at 45° illustrates a slight decrease in drag for small values of C

meets expectations since, theoretically, drag should decrease as sweep increases

decreases as less lift is produced)

on wave drag, since this only occurs as an aircraft reaches transonic and supersonic speeds, 

which is far from what was able to be tested in the subsonic wind tunnel.

Figure 4.4.4e – CL vs CD – 23 m/s untripped 

 

Continuing the analysis on this case leads to the results in the graph of C

curve is shifted down due to the smaller values of lift obtained in oblique flight at the similar 

values of drag.  The curve for the swept case is also slightly shifted to the left, meaning that t

model flying at 45° illustrates a slight decrease in drag for small values of CL.  This trend also 

meets expectations since, theoretically, drag should decrease as sweep increases

decreases as less lift is produced).  However, one cannot make a statement about sweeps effect 

on wave drag, since this only occurs as an aircraft reaches transonic and supersonic speeds, 

which is far from what was able to be tested in the subsonic wind tunnel. 
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Figure 4.4.4f 

The next comparison focuses on the effect of tripping the flow when flying at 45° sweep 

and 23 m/s.  It is fairly visible that tripping the flow results in a decrease in drag.  This indicates 

that the trip is transitioning the flow to turbulent a

since separation is delayed.  One can conclude from this result that it is desirable to have 

turbulent flow on the top surface of the wing since there is some appearance of separated flow 

at fairly low CL values, most likely being attributed to the dynamics of oblique flight.

f – CL vs CD – 23 m/s, 45°, untripped & tripped 

 

The next comparison focuses on the effect of tripping the flow when flying at 45° sweep 

and 23 m/s.  It is fairly visible that tripping the flow results in a decrease in drag.  This indicates 

that the trip is transitioning the flow to turbulent and maintaining less form drag on the model 

since separation is delayed.  One can conclude from this result that it is desirable to have 

turbulent flow on the top surface of the wing since there is some appearance of separated flow 

most likely being attributed to the dynamics of oblique flight.
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The next comparison focuses on the effect of tripping the flow when flying at 45° sweep 

and 23 m/s.  It is fairly visible that tripping the flow results in a decrease in drag.  This indicates 

nd maintaining less form drag on the model 

since separation is delayed.  One can conclude from this result that it is desirable to have 

turbulent flow on the top surface of the wing since there is some appearance of separated flow 

most likely being attributed to the dynamics of oblique flight. 



 

Figure 4.4

The next test cases compared dealt with the vertical tail location on the model for 45° 

sweep and 23 m/s.  There is a profound decrease

wing tip as opposed to being at the center of the middle section.  The drastic decrease in drag 

can most likely be attributed to the existence of cross

The tail being located in the center of the wing would interfere with the cross flow, diverting 

this flow off of the trailing edge of the wing, which not only induces separation, but also 

provides larger skin friction drag.  In order to help confirm this conclusion, the two t

are also compared for no sweep in the figure below.

4.4g – CL vs CD – 23 m/s, 45°, tail location 

 

The next test cases compared dealt with the vertical tail location on the model for 45° 

sweep and 23 m/s.  There is a profound decrease in drag when the tail is moved to the right 

wing tip as opposed to being at the center of the middle section.  The drastic decrease in drag 

can most likely be attributed to the existence of cross-flow on the wing when flying oblique.  

ed in the center of the wing would interfere with the cross flow, diverting 

this flow off of the trailing edge of the wing, which not only induces separation, but also 

provides larger skin friction drag.  In order to help confirm this conclusion, the two t

are also compared for no sweep in the figure below. 
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The next test cases compared dealt with the vertical tail location on the model for 45° 

in drag when the tail is moved to the right 

wing tip as opposed to being at the center of the middle section.  The drastic decrease in drag 

flow on the wing when flying oblique.  

ed in the center of the wing would interfere with the cross flow, diverting 

this flow off of the trailing edge of the wing, which not only induces separation, but also 

provides larger skin friction drag.  In order to help confirm this conclusion, the two tail locations 



 

Figure 4.

From this graph we can see that the tail location essentially plays no influence in the lift 

or drag.  This strongly indicates the cor

have the vertical tail located at the tip of the wing in order to disturb the flow characteristics on 

the upper surface.  The following image is from the flow visualization video that can be used 

qualitatively when discussing the cross

 

.4.4h – CL vs CD – 23 m/s, 0°, tail location 

 

From this graph we can see that the tail location essentially plays no influence in the lift 

or drag.  This strongly indicates the correlation that results from flying oblique and the need to 

have the vertical tail located at the tip of the wing in order to disturb the flow characteristics on 

the upper surface.  The following image is from the flow visualization video that can be used 

alitatively when discussing the cross-flow. 
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From this graph we can see that the tail location essentially plays no influence in the lift 

relation that results from flying oblique and the need to 

have the vertical tail located at the tip of the wing in order to disturb the flow characteristics on 

the upper surface.  The following image is from the flow visualization video that can be used 
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Figure 4.4.4i – Image from flow visualization video 

 

In this video, the vertical tail is located in the middle of the model with a sweep angle of 

45° and a velocity of 23 m/s.  At this point, the right panel of the wing is essentially stalled (after 

the transition from 8.7° to 10° angle of attack) and one can see the tufts are somewhat rounded 

pointing in a direction not aligned with the free-stream velocity, contrary to the tail.  The tufts 

on the right panel are aimed in a span-wise direction, illustrating that a cross-flow develops as 

the wing approaches a full stall.  The vertical tail being located in the middle of the wing is 

diverting this flow to the trailing edge, producing separation and potentially vortices on the 

right side of the tail as there is flow being pushed around the leading edge of the tail in the 

span-wise direction. 

 

4.4.5 Conclusions 

Unfortunately, since some strain gauges on the force balance were not operational, the 

investigation of rolling moment for all cases could not be completed with wind tunnel testing. 

Based on the data acquired from the wind tunnel testing, it is clear that flying obliquely in 

scaled cruise conditions is completely viable.  It can also be stated that turbulent flow is desired 

when flying oblique to reduce form drag.  The location of the vertical tail should be near the tip 

of the right panel of the wing, in order to minimize the interference with cross-flow and 

decrease drag when the wing is swept.  
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4.5 Free-Flight Model 

Several free-flight models have been constructed in preparation for the 1/40th scaled 

model which represents the culmination of the project.  The first model built this semester was 

a dynamically scaled 6 ft. span glider which had usable control surfaces. This model was tested 

with both hand-toss and towing rigs.  The second free-flight model was the original 6 ft. span 

glider, but revamped with a slightly different taper ratio (explained below) and two motors.   

 

Figure 4.5a – 6 ft. Powered Free-Flight Model 

 

This aircraft was launched by hand, and with human control, sustainable flight was achieved.  

The 1/40th scale model, which is planned to fly at a 45° oblique, has yet to be tested.  Final 

preparations are being made to ensure successful flight.   

 

Figure 4.5b – 1/40
th

 OB-1, Final Build Phase 
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The 1/40th scale planform and control surfaces are similar to the second 6 ft. span iteration, 

which will be described below. 

 

4.5.1 SolidWorks Model 

The primary purpose of maintaining a SolidWorks model is to provide a visualization of 

the full size oblique flying wing and investigate how all of the components necessary to operate 

the plane interact with one another.  We can use measurements and information from this 

computer model to accurately build and design components for the actual model.  Throughout 

the semester, the model has gone through several iterations, which have been reflected into 

the design of the final free-flight model.  Over the span of the semester, the following 

changes/additions have been made: 

- Altered the planform 

- Added control surfaces (rudder, ailerons, and elevons) 

- Added electrical and control components to operate the model in flight 

- Designed propeller mounting system to maintain powered flight 

The SolidWorks model’s main purpose is to reflect the actual model’s geometry and 

construction.  If a change needs to be made, it can be done on the virtual model first to 

determine if it is feasible instead of putting forth the time and effort to build a fleet of 

dynamically scaled models.  Once the model is constructed in SolidWorks, it can be scaled down 

accordingly, which represents but is not limited to the 6 ft. span and 1/40th scale models. 

 

Figure 4.5.1b – SolidWorks View 1 
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Figure 4.5.1a – SolidWorks View 2 

 

Figure 4.5.1c – SolidWorks View 3  
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4.5.2 Planform and Control Surfaces 

4.5.2.1 Planform 

There have been fairly significant changes in the planform since the beginning of the 

semester.  The first most drastic change was altering the taper ratio from .4 to .6, providing 

more surface area on the right and left wing panels.  Although the addition of material added 

some weight, the concern for tip flutter drove the design change.  The wing tips are also cut at 

40° to better align with the free-stream when flying oblique.  The center of gravity location was 

also determined to be at 22% root chord, slightly biased towards the right panel (which is the 

side swept forward) due to the asymmetry of the wing.  A propeller mount and housing was 

also added to the front of the wing.  The line of thrust is aimed through the approximate center 

of gravity location in order to reduce the number of moments produced due to powered flight. 

 

4.5.2.2 Control Surfaces 

There have also been a fair number of control surface changes to accompany the 

iterations in planform design.  The first task was to determine the desired size of the control 

surfaces.  Based on other aircraft designs, it was decided that the control surfaces would be 

20% the root chord in width.  The control surfaces edges were cut such that they aligned with 

the free-stream, so in the 1/40th model’s case, at 45°.  This was done in order to achieve 

maximum effect from a control surface deflection.  The vertical fin and rudder design became a 

primary focus of the control surface design. 

The vertical fin sizing for all three free-flight models was based off of the Slinger vertical 

fin, which is another flying wing model available for hobby enthusiasts.  The shape of the 

vertical fin and rudder design came from the Boeing/NASA OAW design.   
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Figure 4.5.2.2.a – Boeing Vertical Fin Design 

 

For our first 6 ft. span glider, we split the total amount of surface area required for a vertical fin 

into two smaller fins, with ratios of 60% and 40% of the total area.  Both fins were next to each 

other near the tip of the left wing panel (the wing that is swept back).  However, during the 

glider free-flight testing, it was discovered that the fins were creating too much drag to one side 

of the craft, and thus a yawing moment to the left.  The smaller fin was removed and the 

yawing problem was resolved while control was maintained.  A single vertical fin was used for 

the second iteration of the 6 ft. span model and the 1/40th scale OB-1.  The area of this fin was 

scaled up from the functional single fin from the 6 ft. glider model. 

 

4.5.3 Construction 

The construction method for the 6 ft. span and 1/40th scale free-flight models changed 

considerably from what was planned in the fall semester. 

 

4.5.3.1 Method 

The current method to build the models relies on using foam as the base component.  

Using a CNC foam cutter, the dimensions and airfoil shape of each wing section can be inputted 
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into a computer, and the shape is cut out of foam blocks using a hot-wire.  Since our planform 

has three sections, there are three foam sections created for each model.  The surface of the 

foam must still be smoothed out, requiring the use of sand paper.  In the case of the 1/40th 

scale model, spackle was applied to the foam pieces and then sanded down to achieve a 

superior smooth finish.  The foam sections are then connected with a spar that is placed in an 

appropriate chord-wise location to maintain proper center of gravity balance.  Sheets of mono-

coat are then applied with a heat iron to the surface, acting as the skin of the model.  The 

control surfaces are also cut out of foam and then lined with balsa wood that is sanded down to 

maintain proper smoothness prior to mono-coating.  Pre-defined locations of foam are 

removed for the control surfaces, servos, flight computer, and battery. 

This method was preferred over fiberglass molds and bondo since it takes less time to 

produce a model using foam.  Foam is also extremely light, cheap, and easy to work with.  Since 

only two free-flight models were built, it is unclear whether or not this construction method is 

the most efficient.  However, there has not been an issue with using foam as the core structure 

thus far. 

 

4.5.3.2 Structure 

For the 1/40th scale model, two telescoping tubes were used as spars in the 

construction.  The first spar is used to bind all three wing panels together and provide 

resistance to bending. The second spar’s primary goal is to resist torsion on the wing.  The tubes 

chosen are constructed of aluminum since this material is light, has relatively high tolerances, 

and is easy to machine.  Carbon strips and tensile tape were used on the surfaces of the model 

to help support the outboard sections and fight bending and torsion.  The engine was mounted 

in the front of the plane (pull motor) in order to maintain the center of gravity balance.  The 

line of thrust is aligned with the approximated center of gravity location for the model.  

Propeller clearance was also a concern, so a fairly tall landing gear (non-retractable) was used in 

order to maintain rotation clearance for take-off and landing.   
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4.6 Flight Data Recorder 

The flight data recorder (FDR) is a very important component of the 1/40th OB-1 model.  

It allows us to retrieve data from the model as its flying in order to accurately assess its 

performance and stability.  The FDR has the capability to provide the following information: 

- Measure the aircraft’s attitude based on pitch/roll/yaw angles and rates 

- Determine the airspeed and pressure altitude 

- Track the amount of deflection of every control surface 

- Transmit the data wirelessly to a ground station and display data (up to 1 mile) 

- 30 Hz sampling rate 

The key components of the FDR include: a six degree of freedom IMU, transceivers, 

eight parallel 32-bit processors, potentiometers located at the control surfaces, and an ADC to 

convert the potentiometer reading into a digital signal.  

 

Figure 4.6a – Flight computer 

The software for the FDR was written in using a programming language similar to C.  It 

relies on a Kalmen filter for sensor fusion between the gyros and accelerometers in the IMU.  

The unit will be placed in the center section of the 1/40th scale model near the center of gravity. 
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5 WORK PROPOSED 

This section contains the work or concepts that were unable to be completed and 

investigated.  Any further research on this topic should use these sections as a starting point for 

continued work. 

 

5.1 Math Model 

In order to create a fully function math model that will provide a more accurate 

representation of the flight characteristics and stability of the oblique flying wing, the MATLAB 

code and equations must be revised to some degree.  At this point, the outputs follow a 

realistic response trend although some of the magnitudes are not correct.  This indicates a need 

to trouble-shoot the code and/or re-evaluate the dynamics of the system and potentially alter 

how the equations are being solved.  Also, the aircraft stability derivates (from either CFD or 

free-flight testing) should be found to plug into the math model to determine its viability as a 

tool to predict the behavior of the aircraft.  Once this is successfully completed, the model can 

begin to implement a control system.  The best way to start this process is to re-write the entire 

system of equations into state space form and calculate the global transfer functions.  This is a 

very complex system to control and this seems like a task for graduate level research. 

 

5.2 CFD 

Since the mesh has been created, the next step is to import this mesh into CFX 11 and 

perform a fluid flow analysis on the wing.  This can be done for various flight regimes that can 

match the wind tunnel and free-flight testing regimes in order to provide comparisons.  If the 

CFD information is similar to that of the free-flight data, then it can be assumed that the 

computer analysis is accurate and more simulations can be modeled with the results modeling 

the actual aircraft behavior.  Verification of XFLR5 analysis from the fall semester would also be 

possible. 
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5.3 Simulator 

The simulator model needs to be slightly more refined to more accurately model the 

current 1/40th OB-1 model that was constructed.  Also, flying the simulator with an identical 

flight regime as the 1/40th model, the flight regime being determined from the FDR information 

with free-flight testing, would enable for a comparison between simulator and actual results for 

the aircraft behavior.  If the simulator provides similar data to what was gathered with the flight 

test data, then it would be possible to do more refined testing with the simulator model to 

determine flight characteristics instead of building/rebuilding multiple free-flight models to 

obtain information. 

 

5.4 Wind Tunnel Model 

The experimentation for the wind tunnel model was completed with what can be 

considered accurate trends for various model configurations.  However, if more time had been 

allotted for the project, a larger number of configurations could have been tested with the 

addition of functional control surfaces in order to have further grounds for comparison 

between CFD and the FDR data. 

 

5.5 Free-Flight Model 

*** Note that the 1/40th scale model has NOT been flight tested as of yet.  Preparations 

are still being made to ensure the model is fully prepared for testing.  The flight date for the 

model will be around May 12th, 2009.   

 

5.5.1 SolidWorks Model 

The SolidWorks model, as stated previously, is a current representation of the full-size 

OB-1 aircraft.  Thus, the model will change to facilitate the most current design. 
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5.5.2 Planform and Control Surfaces 

5.5.2.1 Planform 

Further iterations of the design will be possible when flight testing with the FDR is 

undertaken.  Based on the data acquired from these tests, certain design steps can then be 

taken to change the planform design for better stability and control.  There is also a need to be 

able to take-off perpendicularly and transition to an oblique orientation in flight when reaching 

higher airspeeds.  A planform including this design would truly have the ability to take 

advantage of oblique flight. 

 

5.5.2.2 Control Surfaces 

The sizing of the control surfaces may have to be altered depending on the deflections 

desired to maintain stable, level flight.  There is a potential to add more vertical fins, but the 

single fin has proved extremely effective to control the aircraft in the 6 ft. powered flight tests.  

If a system is created to allow for the change of oblique angle during flight, the control surfaces 

would most likely have to be altered and the vertical fin would have to contain a mechanism to 

rotate it so that it is always parallel to the free-stream. 

 

5.5.3 Construction 

Further iterations of models should be constructed to continue investigation of a 

dynamically scaled oblique flying wing.  There is noticeable room for improvement in the scaled 

model design.  Placing ducted fans on the bottom of the airplane would be ideal over the 

propeller in front.  Retractable landing gear would provide significantly less drag when in flight.  

Designing a mechanism that allows for the vertical fin to rotate would enable perpendicular 

take-off and oblique cruise.  This would also require the fan producing thrust to be able to 

rotate to stay parallel with the free-stream velocity. 

 

5.6 Flight Data Recorder 

There are a few improvements that can be made in order to increase the effectiveness 

and usefulness of the FDR.  The first would be to add a GPS receiver so 3-D plots of the aircraft’s 
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flight path can be recorded.  Another improvement involved building a controller that would 

assist the pilot in flying the plane in unstable configurations.  This could be done by using the 

readings from the IMU to input control surface deflections to induce artificial stability.  Also 

building a controller that would decouple the pitch and roll control inputs would allow for much 

easier control in flight.  As a final step, using a printed circuit board would integrate all of these 

components into a lighter and smaller package. 
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6 LOOKING BACK 

This section details what should have been done different for each task to better 

optimize the results and information obtained throughout the design project. 

 

6.1 Math Model 

A much more efficient approach to complete the math model would have been to focus 

more on state space formation from the beginning to enable more simplistic manipulation of 

the equations which would also simplify the transition to the control system design.  With the 

information acquired from our controls class, the math model would be redesigned a 

substantial amount.  Also, another method to solve the system of equations should be found, 

since the current method being utilized does not converge properly under certain 

circumstances. 

 

6.2 CFD 

Multiple problems arose due to a lack of knowledge of how the meshing program 

operated.  Starting the CFD analysis in the fall semester would have allowed for more time to 

proceed with trial and error and the mesh would have been finished much sooner.  More 

attempts should have been made to work with some graduate students to avoid relatively 

simple mistakes that arose due to inexperience.  Realistically, the far field must be extended to 

about 10 to 20 times the chord length on both sides of the wing longitudinally.  This 

requirement was discovered when the mesh was already completed.  Also, only half of the wing 

is currently modeled in the mesh.  Modeling the whole wing and creating a spherical far field 

would allow for oblique modeling and allow for coupling effects and more accurate behavior to 

be observed. 

 

6.3 Simulator 

Instead of immediately creating simulator models based on the first design iteration at 

the beginning of the fall semester, it would have probably been more beneficial to put effort 

into the construction of more free-flight models.  With more observational data from free-flight 
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testing and iterations, the simulator model could have been slightly more useful as a means of 

comparison aside from general behavioral trends. 

 

6.4 Wind Tunnel Model 

If time had allowed, performing the wind tunnel testing earlier in the academic year 

would have been more beneficial for the later design iterations.  The information was not used 

as efficiently as it could have since the testing took place at the beginning of February, which 

coincided with our second iteration of the design and construction of the first six foot free flight 

model. 

 

6.5 Free-Flight Model 

Construction of dynamically scaled free-flight models should have been started much 

earlier in the academic year.  These models provided the most comprehensive understanding of 

an aircraft’s behavior when flying oblique.  Further iterations of construction would have 

allowed for changes in planform and control surface design in an attempt to increase the 

stability of the aircraft.   Also, assuming the same vertical fin configuration as the Boeing/NASA 

OAW project, two vertical fins, created a fairly large setback and added unnecessary 

complication to the design.  Using a design with only one fin would have saved time. 

 

6.6 Flight Data Recorder 

The need for some type of uncoupling controller, to increase stability when dealing with 

control inputs in oblique flight, became apparent with free-flight testing.  Had this information 

been known or obtained in the fall semester, there would have been time to build a controller 

to assist the pilot in flying the 1/40th model in both stable and unstable configurations.  This is a 

task that should be completed if more R/C oblique wing models are to be constructed. 
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7 COST DISTRIBUTION 

Oblique Flying Wing Project 

Wind Tunnel Model 

Bondo $19.89 

Batteries $5.65 

Paint $7.32 

Spar $14.95 

Sand Paper $8.69 

Total= $56.50 

6 ft Flight Model 

Balsa Wood $4.99 

Servos/electronics $88.00 

Total= $92.99 

10 ft Model 

Spar $14.06 

nose gear $19.00 

ESC (speed controller) $120.00 

Control horns $8.00 

Wheels $12.00 

Mono coat $13.00 

Carbon fiber strips (sub spars) $27.00 

motor $90.00 

landing gear $60.00 

5 min epoxy $15.00 

Battery $80.00 

Blue foam $160.00 

Total= $618.06 

Flight Computer 

Sensors $69.00 

imu $110.00 

mic parts $2.50 

transievers $130.00 

yaw gyro $40.00 

mic electronics $26.79 

MCU $8.00 

case/pcb $12.00 

Total= $398.29 

Money Saved 

 (pre owned equipment) 

foam  $50.00 

sand paper $5.00 

receiver 30 

cervos $50.00 
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Figure 7a – Cost Distribution for the OB-1 Project 
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