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1.0 Info rmation  

1.1 Project Title  

 

Stable Handling Aerial Radio-controlled Cargo-testbed    (SHARC) 

 

1.2 Project Customers  

NAME:          Michael Bertman (Sierra Nevada Corporation) 

ADDRESS:   8122 Southpark Lane, Littleton, CO. 80210 

PHONE:        303-795-0604 

E-Mail:          Michael.Bertman@SNCorp.edu 

 

1.3 Group Members  

 

T.J. Chace 

Chace@colorado.edu 

Aerodyanmics Lead 

 

 

Shawn Kruse 

Kruses@colorado.edu 

Manufacturing Engineer 

Materials/Structures Lead 

 

 

Chris Ellerhorst 

Christopher.Ellerhorst@colorado.edu 

Chief Financial Officer 

Payload Lead 

 

 

Andrew Mohler 

Andrew.Mohler@colorado.edu 

Assistant Program Manager 

Propulsions Lead 

 

Eli Grun 

Eli.Grun@colorado.edu 

Test Engineer 

 

Matthew Olson 

Olsonmk@colorado.edu 

Electronics and Controls Lead 

 

 

Luke Hartwig 

Hartwigl@colorado.edu 

Program Manager 

 

 

Brian Taylor 

Brian.R.Taylor@colorado.edu 

Systems Engineer 

 

Kim Kroh 

Kroh@colorado.edu 

Aircraft Dynamics Lead 
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2.0 System Architecture  

2.1 Purpose and Background  

Sierra Nevada Corporation (SNC) is currently developing a tactical unmanned aerial 

system (UAS) nicknamed Spartan. The UAS consists of the Spartan air vehicle, a ground 

control station, and a variety of sensor payloads (Figure 1
[4]

). Sensor payloads are nearing 

completion and are awaiting successful flight tests from the Spartan vehicle. However, 

Spartan is still in development and will require a large logistical footprint for flight testing. 

The objective of this payload demonstrator project is to provide a low cost, easy to operate, 

and reliable unmanned aerial vehicle (UAV) to test the Spartan-related sensor payloads prior 

to their integration with the Spartan vehicle. 

Due to mission constraints placed on this system by the customer, the objective of this 

project will be to design, build, test, and verify a UAS. The system selected aircraft will 

integrate SNCôs Spartan sensor payloads using the concept represented in Figure 2
[6]

. The 

UAS will consist of the SHARC aircraft as well as sufficient ground support hardware. This 

hardware includes equipment to charge batteries, start engine(s), control, and fuel the aircraft 

for successful flight testing. 

 

 
Figure 1: SNC Payload Schematic (Isometric View) 

[4] 

 

 

 

 
Figure 2: M odulated Payload Integration Concept 

[6]
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2.2 Work Breakd own  Structure  

The system implemented to complete this project was fully defined by SNC to be a 

fixed wing, remotely piloted, combustion engine aircraft. Figure 3 combines both a 

preliminary organizational chart that begins to define the total scope of the project and a 

hierarchical decomposition of the work to be executed by the SHARC project team to 

accomplish the project objectives. Each descending level represents an increasingly detailed 

definition of the projected work. 

 

 

Figure 3: SHARC Work Break Down Structure 

 

2.3 Design Alternatives  

A logical flow was used to determine aircraft design alternatives and the order that 

configuration decisions should be made.  A diagram of this flow is in Figure 4. 
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Figure 4: Alternative Design Tree 

 

Advantages and disadvantages exist for each of the design alternatives.  A 

conventional aircraft has many advantages, including a larger database than the other 

configurations.  In addition, a conventional aircraft is inherently stable and provides many 

options for placement of components, including the payload.  The conventional configuration 

will be used as a baseline for qualitative comparison with the other overall configuration 

options in the discussion that follows. 

A flying wing or blended wing body could offer more wing area inside the constrained 

design dimensions and would have a higher lift to drag ratio.  Unfortunately, knowledge of 

flying wing design and manufacturing is limited and flying wings have a tendency of being 

inherently unstable.  Canard aircraft typically are more efficient than conventional aircraft 

due to the lack of tail down force.  Requirements of an unobstructed nose for the payload 

prevent the canard configuration from being used.  The same limitations that prevent a 

canard also prevent the use of a three surface design.  Joined wings can produce more lift for 

a given span; however, there is a lack of knowledge on front wing interference effects on the 

rear wing.  In addition, manufacturing and assembly would be more difficult because of the 

wing shape and manufacturing accuracy needed to make the tips meet. 

Cantilever wings have all of the structural support on the inside of the wing while a 

braced wing has external bracing.  Cantilever wings can weigh more than braced wings 

because of the additional structural members, but have lower parasite drag.  Constraints on 

span will require a very aerodynamically efficient wing, which favors a cantilever design.  

Wing location on the fuselage can be low, mid, or high.  Mid wings were not considered in 

depth for this project due to reducing fuselage volume in the vicinity of the center of gravity 
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which will be a critical area for fuel tank placement.  Low wings offer more landing gear 

mounting positions than high wings; however, high wings are inherently more stable than 

low wings.  Due to the requirement that the payload be mounted at the nose, which limits the 

landing gear position, it was determined that a low wing will likely be a better configuration 

than a high wing.  In addition, with the use of dihedral, a low wing aircraft can be made as 

stable as a high wing which eliminated the stability advantage of a high wing configuration.  

The additional wing configuration parameters will be determined during more detailed 

design. 

Gear configuration includes tricycle, bicycle, or tail-dragger.  Due to payload location, 

tricycle gear will not be possible.  A tail-dragger gear could be easily mounted on a low wing 

aircraft and would be relatively simple, but it would not provide good propeller clearance for 

an engine mounted at or near the tail.  In addition, a tail-dragger would be harder to control 

during landing and takeoff.  A bicycle gear with outriggers would provide good propeller 

clearance and would require the least amount of piloting skill.  Unfortunately, it is not 

possible to rotate a bicycle gear aircraft during takeoff so either incidence would have to be 

built into the wing or the gear would need to be designed to provide an angle of attack.  

Engine selection will have a large influence on gear design. 

Engine configuration includes the number of engines, method of propulsion, and 

location.  Assuming a large enough engine exists, it would be beneficial to use only one 

engine.  Multi-engine aircraft will weigh more than single engine aircraft because of the need 

for extra mounting structure, control hardware, and rudder area.  The primary benefits of 

multi-engine aircraft are reliability and increased mounting location options.  The increased 

number of locations is because a single engine would have to be mounted on the longitudinal 

centerline, which excludes wing mounting, and a multi-engine aircraft can have engines 

mounted symmetrically across the centerline.  Reliability is not a large issue because the 

SHARC mission is to climb and cruise above the airfield; if an engine failure occurs in flight, 

the aircraft should be able to glide to a landing. 

Engines can be mounted in nacelles or buried in the fuselage.  Nacelles have more 

mounting location options, but are generally heavier and have more parasite drag due to the 

increased structure for the nacelle.  Engines can either provide tractor or pusher propulsion.  

Given the required location of the payload and the use of the engine to balance the center of 

gravity, the propulsion would likely be a pusher.  Finally, engines can be mounted on or in 

the wing, near the tail, or on the fuselage.  If a single engine is used, it would be constrained 

to either fuselage or tail mounting to stay on the longitudinal centerline.  In addition, if it is 

buried it would likely be located at the very rear of the fuselage to counteract the nose weight 

of the payload. 

The fuselage configuration can either be conventional, boom, or twin fuselage.  Twin 

fuselage should not be considered unless extra fuselage volume is needed because the 

additional structure would increase weight and drag.  A boom configuration would require a 

conventional nose section with a tail being attached by a boom.  It would provide a weight 

decrease over a conventional fuselage, but may not be possible depending on the amount of 

weight in the tail and material availability. 

Many tail configurations are possible.  A low horizontal stabilizer would be desirable 

from a weight standpoint; T-tails and mid-tails both have increased structural requirements 

over a low-tail.  A V-tail will likely not be used because that configuration tends to have 

decreased directional stability over a conventional vertical stabilizer.  An inverted tail may be 
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beneficial; it would provide beneficial yaw-roll coupling, because rudder deflection would 

add to roll in the same direction instead of opposing the roll.  In addition, the rear bicycle 

gear could be mounted in conjunction with the inverted vertical stabilizer if designed 

properly. 

2.4 Functional Block Diagram  

In Figure 5, the measurement devices will store data internally which will be accessed 

from a standard personal computer using individual USB interfaces.  These measurement 

devices will gather information on aircraft altitude, speed, and temperature to ensure that 

SNCôs density altitude and airspeed requirements are met.  In addition, acceleration and 

attitude will be measured to verify stability models used during design.  These sensors will be 

integrated into a test payload package that will have the same overall dimensions and weight 

as the customer payloads so that flight test data can be gathered without requiring alteration 

of the delivered product.  Power is provided to the payload from a set of batteries in the 

aircraft set at the voltage specified by SNCôs requirements of 12 volts DC power at 10 amps.  

A power control unit inside of the test payload will adjust the voltage to the levels required 

by the individual sensors.  The payload and aircraft power will be on separate circuits 

powered by separate batteries.  This is to ensure that a fault in the payload would not be able 

to affect aircraft handling and control.   

Additional safeguards will be designed and implemented into the flight controls to 

safeguard the general public in the event of lost communication or electric power.  In either 

of these events, the aircraft would no longer be under control from the ground station.  To 

reduce risk of damage caused by the aircraft, mechanical mechanisms will be designed and 

implemented to shut down the engine and deploy full-up elevator to initiate and maintain a 

deep stall in order to bring the aircraft down over the flying field, safeguarding the general 

public. 

 
Figure 5: Functional Block Diagram 
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3.0 Requirements  

Table 1: Top-Level Project Requirements 

Requirement Description 
Parent 

Requirement 
Verification Method  

0.PRJ.1 UAV for Payload Testbed RFP
[5] 

Delivery of aircraft flight test 

data. 

0.PRJ.2 Budget EBOM 
[Appendix E] 

Strict and accurate estimation 

and financial documentation. 

0.PRJ.3 Assembly and Operation RFP
[5] 

Demonstration of operation by 

two SHARC members in allotted 

flight test time (8 hours) 

0.PRJ.4 Ground Operations RFP
[5] 

Ground equipment will be tested 

by SHARC through extended use 

in aircraft operations and will be 

modified as needed. 
 

Table 2: Top-Level System Requirements 

Requirement Description 
Parent 

Requirement 
Verification Method  

0.SYS.1 Radio Controlled RFP
[5] 

Radio control will be ground tested before 

individual components are integrated. 

0.SYS.2 Vehicle Size RFP
[5] 

Verified by inspection. 

0.SYS.3 Weight RFP
[5] 

Weight inspection. 

0.SYS.4 Payload Location RFP
[5]

 Verified by inspection. 

0.SYS.5 Flight Endurance RFP
[5] 

Recorded and verified through flight test 

data. 

0.SYS.6 Stall Speed RFP
[5] 

Recorded and verified flight test data under 

visual stall conditions. 

0.SYS.7 Dash Speed RFP
[5] 

Recorded and verified flight test data under 

full throttle conditions. 

0.SYS.8 Operating Altitude RFP
[5] 

Recorded and verified GPS flight test data 

while visually estimating altitude. 

0.STS.9 Power Defined by 

Customer 

Ground testing under simulated SNC 

electronics package for time. 

3.1 UAV 

The system of this project has been defined by the Sierra Nevada Corporation to be a 

remotely piloted aircraft. The next step within the design process for SHARC will be 

configuration and arrangement analysis. 

 



Systems Definition and Feasibility Report  September 28
th

, 2007 

Aerospace Senior Projects (ASEN 4018 & 4028) 

 8 SHARC 

4.0 Research and Feasibility  

4.1 Aerodynamics  

The initial calculations that were performed for this study were used to determine 

whether an aircraft with the given weight and dimensions specified by the customer would be 

feasible to satisfy mission requirements. To begin, the maximum weight of 55 pounds and a 

selection of dash velocities from 40 to 70 knots were used to determine the area of the wing 

based on various coefficients of lift.  The calculations were performed using Eq. 1.  Here, S is 

the wing area, ɟ is the density, V is the velocity, and CL is the coefficient of lift. 

 

LCV
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=  Eq. 1
[7] 

 

 

Based on the information found from these calculations, a series of fixed wing spans 

were used to determine what the corresponding wing chord length would be. The range of 

spans was centered about the current requirement of 7 feet.  The results for this span are 

shown in Figure 6 below. 
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Figure 6: Chord Length Feasibility Analysis 

 

As seen in the figure above, the necessary chord length decreases when the aircraft flies 

at higher speeds and achieves a greater coefficient of lift at cruise.  To achieve the 

requirement of flying at 60 knots with a 7 foot wing span, and assuming a very conservative 

0.5 coefficient of lift at cruise, the aircraft would need a chord of 1.542 feet.  If the 60 knots 

speed cannot be reached, the necessary chord lengths for lower speeds are still within reason.  

However, these chord length values become unfeasible for wing spans below 7 feet.  For 

example, an aircraft with a 5 foot span flying at 40 knots would need a chord length of 4.859 

feet.  This value is 97% of the span and is clearly unfeasible.  Additional figures can be found 

in Appendix A. 
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Based on the feasibility plots described above, a range of Reynolds Numbers was 

calculated using Eq.2 for a 6,000 foot density altitude. 

 

m

rVL
=Re  

 

Eq.2
[7]

 

 

 

Here, ɟ is density, V is velocity in feet per second, L is the characteristic length in feet, and 

µ is the dynamic viscosity.  The characteristic length in this case is the range of values calculated 

for the chord.  This data was reduced to include chord lengths only for the ideal 7 foot wing span 

at speed of 50 and 60 knots, which resulted in values ranging from 1.285 to 2.776 feet.  

Therefore, Reynolds Numbers were calculated for these chord lengths and plotted in Figure 7 

below.  The MATLAB code used to produce all plots can be found in Appendix B. 
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Figure 7: Reynolds Number Feasibility Analysis 

 

Based on these calculations, the possible Reynolds number for the aircraft ranged from 

approximately 700,000-1,300,000, depending on the speed.  For the current goal of a 7 foot wing 

span and a speed of 60 knots, the range of Reynolds numbers is 700,000-1,100,000.  For lower 

speed operations high lift devices such as flaps will be used. These Reynolds number calculations 

determined a selection of airfoils for the aircraft.  One such airfoil (FX77W153, Re = 750,000) 

is shown below with its polar curve data in Figure 8 and Figure 9.  Additional airfoil options can 

be found in Appendix C. 
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Favorable characteristics of this airfoil include the fact that the predicted range for 

coefficient of lift at cruise is centered about the zero axis for angle of attack (alpha). This 

corresponds to minimum airplane profile drag conditions.  The coefficient of drag is also low 

for this aircraft, about 0.0095 for a coefficient of lift of 0.5. 

4.2 Electron ics and Controls  

In order to find the torque necessary for the servos, data from the aerodynamics 

feasibility was used.  It was assumed that the largest torque needed was going to be for the 

ailerons during maximum speed.  The worst case scenario was used to show that there is a 

servo that could apply sufficient torque.  After acquiring data for the wing area and velocity 

for the extreme case (large chord and high velocity), the aileron size was approximated to be 

25% of the span and 20% of the chord.  These values were used to calculate the area of the 

aileron and the torque on that aileron when it is deflected vertically (maximum torque). 

Equation 3 was used to calculate the torque: 

 

 Eq. 3 

 

In Eq. 3, T is the torque, c is the wing chord, Q is the dynamic pressure at maximum 

velocity and S is the area of the aileron.  The distance used (0.1c) was found by assuming 

that the chordwise length of the aileron is 0.2c and the force (QS) is acting at the middle of 

the leading edge of the aileron.  The data obtained from the aerodynamics feasibility gave a 

wing area of 16ft.  The span is assumed to be 7ft (from requirements) giving a chord of 2.3ft.  

The resulting area of the aileron is 0.805ft
2
.  A velocity of 60knots is used from the 

requirements, with a density of 0.0639lb/ft
3
 (from density altitude of 6000ft) to calculate the 

dynamic pressure.  Applying Equation 3 gave a torque of 356oz-in. 

There is also another servo listed in Table 3, which is specific for ailerons, and was 

listed for its compact size.  If there is a size constraint on the wing servos, then it is still 

feasible to generate enough torque by applying multiple servos with smaller dimensions. 

In order to find feasible transmitters and receivers, some assumptions were needed to 

declare the amount of servos, thus the amount of channels.  The assumptions made were 

there would be a servo for: 2 control surfaces on each wing (aileron, flap), elevator, rudder, 

1-2 engines and leading gear.  These assumptions led to the research of receivers and 

transmitters with 9 and 12-channels. The data from this research is collected into Table 3. 

 

 

 

 

 
 
  

Figure 8: FX77W153 Airfoil (Unit Scale)
[3] 

Figure 9:  FX77W153 Polar Curves (Re = 750,000)
[3] 
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Table 3: Electronics Research 

Servos Reference Weight (oz) Cost
Size 

(in length x width x height)
Torque (oz-in) Speed (sec/60°) Type

Futaba S9150 www.towerhobbies.com 1.9 2 for $153.98 1.9 x 1.1 x 1.0 81 @ 4.8V 0.18 Digital Aileron

GWS S666N 2BB M6 www.pololu.com 5.66 $49.00 2.5 x 1.2 x 2.4
333 @ 4.8V, 

400 @ 6.0V

0.24 @ 4.8V, 

0.2 @ 6.0V

GWS S77 6BB www.pololu.com 6.7 $79.00 2.5 x 1.2 x 2.7
486 @ 4.8V, 

583 @ 6.0V

0.15 @ 4.8V, 

0.12 @ 6.0V

Receivers Reference Weight (oz) Cost
Size 

(in length x width x height)
Channels Voltage (V) Current Drain (mA)

Hitec Fusion 9 FM www.towerhobbies.com 1.1 $99.99 2.2 x 0.9 x 0.95 9 3.5 - 7.5 20 (excl. servos)

Futaba R319 DPS Synthesized www.towerhobbies.com 1.25 $179.99 2.1 x 1.3 x 0.8 9 4.8 or 6.8 N/A

Futaba 9CAFS FM Super www.towerhobbies.com 1.07 $349.98* 2.19 x 1.00 x 0.89 9 4.8 or 6.8 14 (incl. servos)

Multiplex IPD DC Synthesized www.towerhobbies.com 1.34 $194.99 2.00 x 1.50 x 0.83 12 4.8 or 6.8 N/A

Multiplex Royal Evo FM www.towerhobbies.com 1.3 $973.99* 2.00 x 1.50 x 0.83 12 3.5 - 7.5 30 (excl. servos)

Transmitters Reference Cost Channels Acc.

Multiplex Royal Evo FM Synthesized www.towerhobbies.com $577.99 9 N/A

Futaba 9CAFS FM Super www.towerhobbies.com $349.98* 9 Packaged with receiver

Multiplex Royal Evo FM www.towerhobbies.com $973.99* 12 Packaged with receiver

Batteries Reference Weight (oz) Cost
Size

 (in length x width x height)
Voltage (V) Capacity (mAh) Max Current (Amps)

Thunder Power "Extreme" www.hobby-lobby.com 17.3 $239.99 6.75 x 1.75 x 1.31 14.8 5000 125

Poly-Quest "Twenty" www.hobby-lobby.com 18.4 $252.60 6.5 x 1.88 x 1.63 14.8 5000 100

Hobbico Hydrimax www.towerhobbies.com 3.35 $19.99 2.25 x 1.75 x 0.63 4.8 1200 N/A

DuraTrax NiNH Rx Hump xxx www.towerhobbies.com 4.23 $19.99 2.36 x 1.37 x 1.25 6 1400 N/A  
 

SNC gave requirements for the power directed towards the payload.  It was stated that 

the payload requires 12VDC at 10amps for the length of flight.  The length of the flight is 

required to be 20 minutes but is assumed 30 minutes for worst case, so the capacity of the 

payload battery needs to be 5Ah.  Multiple batteries were found to have at least 10V and a 

capacity of 5000mAh.  Also, there is a need for batteries to power the receiver and the 

servos, which will be separated from the payload batteries in order to avoid failure of both 

the payload and controls.   

All of the receivers found during research required a voltage of 4.8V or 6.0V, within 

them, few had a current requirement.  A current drain was estimated to be 30mA, which was 

taken from the largest current drain found during research.  Applying the duration of flight 

led to a need for a battery with a capacity of 15mAh. 

4.3 Materials and Structures  

4.3.1 Material Selection 

As the customer would prefer a composite structure which can be repaired in house, 

this feasibility study will only look into carbon fiber for the overall structural components of 

the aircraft.  For the remaining sections of the aircraft other materials were investigated.  

These include aluminum, and graphite.  This second group of materials will be for the 

internal structural components, such as bulk head and wing spars.   

When considering a structural material for the SHARC UAV an initial feasibility was 

done.  During this study Carbon Fiber was used in order to determine if a product existed in 

order to meet the demands of the customer.  Table 4 shows the two possible options which 

could be used on this project.  The first two materials are dry carbon fiber sheets.  The third 

material is a resin that could be used during the wet layup process; while, the fourth material 

is a backing that can be used for additional strength and corrosion resistance.  The final 

material seen here is a pre-impregnated carbon fiber.  For structural analysis purposes the 

HexPly 913 will be used.   
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The internal Materials can be seen in Table 5.  For the purpose of structural analysis 

only the graphite will be used. 

 
Table 4: Carbon Fiber Options for Outer Structure  

Material 
Manufacturing 

Methods 

Resistant To 

Nitromethane 

Resistant to 

gasoline 
Density Cost 

Manufacturing 

Locations 
Reference 

#1064 
Graphite 

Wet Lay Up NA NA 0. 01 g/cc $9/yard Brookville, OH Fibre Glast 

#6606k 
5HS Weave 

Graphite 
Fabric 

Wet Lay Up NA NA 0.02 g/cc $60/yard Brookville, OH Fibre Glast 

#1110 
Promoted 
Vinyl Ester 

Resin 

Wet Lay Up Good Good 1.03 g/cc $65/gallon Brookville, OH Fibre Glast 

Divinimat Wet Lay Up Good Good 0.06 g/cc 
$36 

1/8"x32"x48" 
Brookville, OH Fibre Glast 

HexPly 913
*
 PrePreg TBA TBA 1.23 g/cc ? WestValley City, UT Hexcel 

 
Table 5: Options for Internal Structure  

Material  Density Cost Manufacturing  

Locations 

Reference 

Al
À
 

6061-T6 

2.7 g/cc İò round x 

1ô $1.26 

Seattle, WA MatWeb 
www.onlinemetals.com 

Graphite
ÿ
 2.25 g/cc 2.5x15x75 

cm $126 

Ward Hill, MA MatWeb, 

Alfa Aesar 

 

4.3.2 STRUCTRUAL ANALYSIS  

For the initial structural analysis of this aircraft three simple models were used.  For all 

three models the simple beam deflection was used, and can be seen in Eq. 4.   
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Eq. 4 

 

 

                                                
*  HexPly: 65.5 MPA Tensile Strength. 
À AL6061:186 MPA Shear Strength and 255 MPA Yield Strength 

Graphite: 4.8 GPA Modulus of Elasticity in Compression 

 

http://www.matweb.com/clickthrough.asp?addataid=189
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For Eq. 4 ŭ is the amount of deflection, F is the force applied, L is the length of the 

beam, C is a constant that is a function of the force displacement and I is the moment of 

inertia and can also be seen in Eq. 4.  The variables associated with the moment equations are 

as follows: b is the thickness and h is the height of the beam, ro is the out diameter and ri is 

the inner diameter of the cylinder, t is the thickness while a and b are the semi-minor and 

semi-major axes, respectively.   For the case of the beam being point loaded C was taken as 

3, while a C value of 8 was used for an even loading across the entire beam. These 

calculations were done using a MATLAB (Appendix F) program and the plotted results can 

be seen below.  Figure 10, Figure 11, and Figure 12 show how the wing, spar and fuselage 

will deflect with different values of Young Modulus from the material picked. When 

calculating the deflection only the single component was analyzed at a time. 
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Figure 10: Wing Structural Analysis 
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Figure 11: Spar Structural Analysis 
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Figure 12: Fuselage Structural Analysis 

 

As can be seen in Figure 10, Figure 11, and Figure 12 with the values found for 

HexPly, Al 6061 and Carbon Graphite the maximum deflection is 1 inch.  With a Young 

Modulus of 9.5 ksi (65.5 Mpa) the Carbon Fiber wing would deflect almost 2 inches.  The Al 

wing spar would deflect almost 3 inches while the carbon graphite spar would deflect 

roughly 0.01 inches. All the code used to gather the data represented above is found in 

Appendix F. 

                 

4.4 Payload  

The payload for this aircraft will ultimately be given by SNC.  The requirement given 

for the payload section was that it should weigh at least 15 lbs and be located on the nose of 

the aircraft. 

In order to meet the requirements of the AES senior project course, a test payload 

section shall be constructed to match the weight and shape of SNCôs intended payload.  In 

this sensor payload, certain flight characteristics will be determined from collecting data and 

verifying the results.  The data from the sensor payload shall be compared to stability models 

that will be constructed to determine stability variables such as the damping ratio and the 

damping time constant.  To verify these models, linear and rotational acceleration shall be 

measured in all three axes by accelerometers and rotational gyros.  Altitude and aircraft 

speeds (such as stall and dash speeds) shall also be verified as part of the given requirements 

potentially by a GPS device that will collect flight data.  With these flight data, other 

characteristics such as the climb rate and the turn rate of the aircraft can also be determined. 

Table 6 shows some recently researched sensors that could be purchased in order to 

measure and verify the above requirements for the payload.  This preliminary research for the 

necessary sensors shows that the weight requirement for the payload (15 lbs) should not be 

an issue. 
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Table 6: Preliminary Instruments/Sensors 

Sensor Product Weight Size Sampling Rate Range Resolution Cost 

Linear 

Accelerometers 

HOBO Pendant G data 

logger (#UA-004-64) 
(http://www.onsetcomp.com) 

> 1 lbs 
0.9 x 0.51 x 

0.35 inches 

Adjustable (Maximum 

100Hz or 0.01s) 
-3 to 3 gôs 

0.025g     

(0.24 m/s
2
) 

~$139 

Rotational 

Gyros 

Crossbow Inertial 

Systems (NAV420) 
(http://www.xbow.com) 

> 1.3 lbs 
3 x 3.75 x 3 

inches 

Adjustable (Maximum 

100Hz or 0.01s) 
+/- 200°/s ~0.06 °/s TBD 

Temperature 

Sensors 

HOBO Pendant 64K 

Temp. Data Logger 

(#UA-001-08) 
(http://www.onsetcomp.com) 

> 1 lbs          

(18 grams) 

0.9 x 0.51 x 

0.35 inches 
Adjustable (1s to 18h) -20° to 70° C 0.1° at 25° C ~$200 

Omega Temperature 

Logger (OM-EL-USB-1) 

http://www.omega.com) 

> 1 lbs          

(43 grams) 

1.06 x 0.81 x 

3.7 inches 
Adjustable (10s to 12h) -35° to 80° C 0.5° C ~$70 

Speed and 

Altitude (GPS) 

Barometric Pressure GPS 

Data Logger (SRVY-

XM2-BARO-2i) 

(http://homepages.tig.com.au) 

> 1 lbs        

(150 grams) 

2.6 x 4.4 x 1.1 

inches 

Adjustable (5s, 10s, 30s, 

1m) 
Up to 60,000 ft 

0.2m (SRVY 

models); 2m 

otherwise 

~$263 

 

Most of the sensors shown in the Table 6 are not only measurement devices but act as 

data loggers as well.  These types of sensor/data loggers would significantly simplify the 

required hardware for the test payload by removing the need for an external data logger and 

multiplexer that would only add more weight to the system.  Another advantage of many of 

these sensors is that they are each individually powered by batteries.  This is an advantage 

because it would simplify the electronics/circuits needed for the payload system.  However, 

if any sensors used do require power from an external source, a voltage regulator will need to 

be added.  The payload given by SNC requires 12 volts to be provided from the aircraft; thus, 

if any sensors used in the test payload require external power then the voltage given by the 

aircraft will have to be reduced to the allowable amount for the sensors.  The ideal scenario 

would be for each sensor to run off its own battery power, measure and store its own data, 

and then the data could be downloaded onto a computer once the aircraft has landed. 

After conducting preliminary research for the necessary sensors to measure and verify 

several important flight values, it was determined that achieving the stated requirements is 

feasible.  Further research will be conducted to investigate the use of voltage regulators, 

multiplexers, and external data loggers as they are alternative design possibilities. 

4.5 Propulsions  

An RC aircraft propulsion system is a combination of a propulsion unit (e.g. an engine 

and propeller), fuel, fuel lines and fuel tank(s).  The project customer, SNC, has already 

dictated in their Request for Proposal (RFP)
[5]

 that the aircraft will employ a gas engine.  The 

exact number of engines necessary will depend upon the eventual system configuration 

and/or the ability to find a sufficient engine to meet the various system requirements. 

However, before the selection of an engine can be made ï as will be the purpose of the 

propulsion feasibility ï an initial investigation into the maximum power required was 



Systems Definition and Feasibility Report  September 28
th

, 2007 

Aerospace Senior Projects (ASEN 4018 & 4028) 

 16 SHARC 

completed.  This investigation was done through the aid of the analysis and design software 

Advanced Aircraft Analysis 3.1 
[2]

, or AAA.  From the performance plot generated by AAA 

(see Appendix D) it was possible to predict a ratio of the weight to power required at takeoff 

(W/P)TO; the aircraft will be most heavily loaded at takeoff and therefore this stage drives the 

engine selection.  In order to use the predictive power of AAA it was necessary to make 

several justified assumptions.  The assumptions in the baseline design that were expected to 

affect the power at takeoff ratio included: 

 

× Propeller Efficiency,  ɖp= 0.7 

× Oswaldôs Efficiency Factor, e = 0.8 

× Takeoff Ground Run, STOG  = 350 ft 

× Specific Fuel Consumption, cp = 1.75 (lb/hr)/hp 

× Coefficient of Lift at Takeoff, CLTO = 2.0 

The first two of these assumptions were based off of values given by AAA for typical 

aircraft systems.  A takeoff ground run of 350 ft was determined after considering the length 

of Boulderôs RC field was 450 ft and including a 100 ft safety factor; SNC required that the 

aircraft takeoff from a general RC field.  Finally, the last two assumptions were based off of 

similar UAS systems.  Once these assumptions had been incorporated into AAA, it was 

determined, that the specific fuel consumption of the aircraft (ranging in values from 0.1 to 

2.0 (lb/hr)/hp) as well as the takeoff ground run length were not design drivers.  An increase 

in the engine cp would tend to increase the takeoff weight slightly, which marginally 

increased the power required at takeoff but did not drive it.  Additionally, AAA showed that 

the length of the takeoff ground run was not a selection driver for any distance above 205 ft.  

As expected, the propeller efficiency and Oswaldôs efficiency did show considerable effect 

on the power at takeoff requirement. Values ranging from 0.5-0.8 were investigated for both 

efficiencies, as these would show an extreme worst case versus a generally accepted value.  

The primary results of these investigations can be seen in Table 7, which included values for 

both 60 knot and 90 knot dash speeds. 

 
Table 7: Required Engine Sizing for Feasibility 

Velocity 
Propeller 
Efficiency 

Oswaldôs 
Efficiency (W/P)TO 

Required 
Engine 

Knots ɖ e (ft^2/lb) HP 

60 

0.5 0.5 6.7 8.21 

0.7 0.7 11.9 4.62 

0.7 0.8 13.2 4.17 

90 

0.5 0.5 6.6 8.33 

0.7 0.7 10 5.50 

0.7 0.8 10.1 5.45 

 

As Table 7 shows, for a 55 lb aircraft (maximum allowable gross takeoff weight, see 

REF [4]) the worst case scenario would require an 8.33 HP engine or some additive 

equivalent.  Since having a propeller efficiency and Oswaldôs efficiency factor of 0.5 are 

exceptionally low values, a more reasonable value was investigated for engine feasibility.  
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Propeller efficiencies of 0.7 are generally accepted, while Oswaldôs factor of 0.7 can occur 

with landing flaps [AAA 
[2]

].  From these assumptions, an engine of either 4.62 HP or 5.5 HP 

would suffice for a 60 knot or 90 knot dash speed, respectively. 

In order to complete the feasibility of a propulsion system for this aircraft, several 

engine ranges were researched and their characteristics are shown in Table 8 and Table 9.The 

first table assumed a single-engine configuration and therefore engines ranging from 4.8 - 5.7 

HP, as the project is at the discretion of engines available currently on the market, were 

discovered. Unfortunately, data on specific fuel consumption for RC engines is usually 

unknown until static testing is completed. As stated before, this value did not affect the 

power required at take off and will be investigated later for a final engine selection. As Table 

8 shows, there are currently several engines available that fulfill the power at takeoff 

requirement  

 
Table 8: Single-Engine Feasibility Options 

Name Units DA-50 TOC-53 BT-50EI BT-64EI 3W-50i 

Hp Hp 5 5.5 5.2 5.7 4.8 

RPM rpm TBD 7800 9000 9000 8700 

Fuel 
Consumption (lb/hr)/hp 

TBD TBD TBD TBD TBD 

Fuel -- 32:1 Oil/Gas mix TBD TBD TBD TBD 

Weight lb 
3.13 4.125 

3.5 (W/O 
Muffler) 

3.8 (W/O Muffler) 
4.36 

Price USD 595 389.00 469.99 499.99 565 

 

Table 9 shows the engines currently available if the aircraft were to have a twin-engine 

configuration, as the final configuration has yet to be determined.  As with Table 8, it is 

shown that there exists several engines currently on the market that fulfill the twin-engine 

configuration power requirements for takeoff of the given aircraft system.  

 
Table 9: Twin -Engine Feasibility Options 

Specifications Units BME G90 Pro-91 3W-28i AV-120 Zenoah G38 

Horsepower Hp 2.7 2.75 2.75 3 2.5 

RPM rpm 14,000 15,000 8500 11,000 7300 

Fuel 
Consumption (lb/hr)/hp 

TBD TBD TBD TBD 
TBD 

Fuel -- 
Gas/Oil Mix 

32:1 
TBD 

Oil Mix 1:50-
1:80 

TBD 
Gas/Oil Mix 

32:1 

Weight lb 1.63 1.24 2.32 1.98 4.44 

Price USD 369.00 189.95 495 463.36 326.63 

 

Having reached this point of research and AAA analysis, within the given constraints 

and under the justified assumptions, it is concluded that a propulsion system for this aircraft 

is feasible.  After further investigation, the fuel system and fuel itself will be assessed and 

incorporated into future reports.  However, the discovery of many feasible engines leads to 

the notion that the additional propulsion accessories will be available, too. 

4.6 Weight Budget and Feasibility  

One derived requirement from SNC requires that overall aircraft weight shall be 55 lbs 

or less for insurance purposes.  Use of worst case weight information present in subsystem 
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feasibility studies allowed a bottom-up estimation of the maximum gross takeoff weight and 

a safety margin, the difference between estimated and allowed weight, was then be 

determined.  

First, structural weight was estimated.  This analysis was performed by estimating the 

surface areas of the aircraft components and then multiplying by structural material density.  

The fuselage was assumed to be a circular tube with the same diameter as SNCôs payload, 

8.25 inches, and the maximum allowed length of 7 ft.  This gives a surface area of 2,177 

square inches.  Worst case wing area was estimated to be approximately 14 square feet by 

aerodynamics back of the envelope calculations.  Wings have both a top and a bottom, so the 

area was multiplied by two to estimate the amount of material.  This procedure led to a 

surface area of 4,032 square inches.  From analysis of similar aircraft, it was determined that 

the vertical and horizontal tails would have approximately the same area, 3 square feet.  Like 

the wing, the area was multiplied by a factor of two in order to account for both the top and 

bottom surfaces, leading to a surface area of 864 square inches. 

From the materials feasibility study, HexPly 913 was assumed to be used for the 

aircraft structure with a density of 0.044 lb/in
3
.  Additionally, from experience with 

composites, a ply thickness of 1/100 of an inch was assumed along with the use of three plies 

used throughout the vehicle.  This led to a total thickness of 3/100 of an inch.  This 

information was used with the structural surface areas to estimate a total structural weight of 

10.47 lbs. 

Next, the heaviest payload and aircraft battery packs from the electronics feasibility 

study were assumed to be used along with the heaviest servos and receiver.  It was assumed 

that 10 servos were used, which is one servo over the worst case twin-engine estimation.  In 

addition a linkage budget of 0.05 lbs was assumed to account for mechanical and electrical 

linkages in the electronics subsystem. 

For propulsion, the heaviest engine combination in the feasibility study was used and a 

weight of 0.1 lbs was estimated for the propellers.  Fuel consumption values for the engines 

were used along with a flight time of 20 minutes to estimate a takeoff fuel weight of 1 lb. 

SNCôs requirement to carry a 15 lb payload defined that weight.  Table 10 is a 

summary of the components and weight estimates.  These weights were summed to get a 

total weight of 41.17 lbs, which leaves a 25 percent safety factor. This margin will account 

for bulkheads, connectors, and other miscellaneous equipment. 

 
Table 10: Weight Budget and Feasibility 

Component Quantity Weight per 

Component (lbs) 

Total Weight 

(lbs) 

Fuselage 1 2.87 2.87 

Wing 1 5.32 5.32 

Tail 2 1.14 2.28 

Aircraft 

Batteries 

1 0.26 0.26 

Payload 

Batteries 

1 1.13 1.13 

Servos 10 0.42 4.2 

Receiver 1 0.08 0.08 

Linkages N/A 0.05 0.05 

Engine 2 2.22 4.44 

Propeller 2 0.05 0.1 

Fuel N/A 1 1 

Payload 1 15 15 

Total   41.17 



Systems Definition and Feasibility Report  September 28
th

, 2007 

Aerospace Senior Projects (ASEN 4018 & 4028) 

 19 SHARC 

4.7 Budget  

A preliminary cost estimate of the required parts for this project was conducted and can 

be viewed in Appendix E.  The cost estimate is not within the $4000 allowance from the 

Aerospace department however we are currently pursuing Sierra Nevada Corporation for full 

funding of this project.  The total cost from a preliminary investigation was determined to be 

approximately $19,000.  This estimate includes the testing of multiple critical components 

that will ultimately not be utilized on the final product.  If SNC will not provide the required 

amount of funding, the scope of the project may be augmented for budgetary feasibility. 

5.0 Testing and Verification  

The testing and verification procedures of the SHARC aircraft shall be done during the 

last phase of design, and continue through manufacturing and flight test.  Figure 13 shows 

the testing and verification plan for the SHARC aircraft. 

 

Figure 13: Test Plan Schematic 
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During the design of the aircraft, predictions and models shall be established and used 

for verification of the design once the manufacturing of prototypes is complete.  After 

completion of the design of the aircraft, a small scale prototype shall be tested in a wind 

tunnel for aerodynamics and flight dynamics.  With strain gauges and equipment in the wind 

tunnel facility at the University of Kansas, measurements of lift, drag, and moment shall be 

taken and compared to models created in MATLAB. Once the aircraft has demonstrated 

sufficient lift and similar drag coefficients, the manufacturing process of the aircraft shall 

begin.  

The manufacturing tests shall validate strengths, power, and data acquisition system 

performance.  The wings will undergo wing loading tests until failure and results will be 

compared with simple hollow beam deflection models.  The fuselage bending shall be tested 

only to the required stiffness for flight, also to verify simple hollow beam models.  Engine 

tests shall verify static thrusts and fuel consumptions for 3 favorable propellers.  The landing 

gear shall be verified for ultimate strength or until failure.  This test shall be conducted with 

weights and drop tests.  In order to meet flight test requirements, the payload section shall be 

tested in an automobile, validating the speed, attitude, and direction.  

Once these systems are tested, verified, and approved for flight testing, the SHARC 

aircraft shall be taken to a local remote controlled airfield for taxi and range tests.  When the 

aircraft has been determined to meet range requirements predicted from the design phase, and 

all surfaces are working properly on the runway, the SHARC aircraft shall undergo flight 

testing.   

During flight testing, the SHARC aircraft shall carry on with verification of stability 

and flight performance through payload data acquisition.  The stability of the aircraft shall be 

verified by doublets in flight.  Simple stick perturbations in the air will allow the data 

acquisition system to record accelerometer and gyro measurements.  The experimental data 

shall reveal a dampening coefficient which will then be compared to the theoretical data from 

AAA  (Advanced Aircraft Analysis).  Furthermore, by having GPS on board, the aircraftôs 

velocity and altitude can be determined.  Verification shall be classified as meeting the 

requirement, meeting within margin, or not meeting the requirement based on the models 

predicted from MATLAB.  The endurance of the flight shall be timed from takeoff.  If the 

aircraft does not fly for the required endurance, a calculation of the remaining fuel shall be 

done to verify the endurance of the flight, then compared with the predicted fuel 

consumption from engine tests. 

6.0 Risks  

The aircraft has six major technical risks that must have a risk mitigation plan 

implemented should a design flaw occur.  Figure 14 describes apparent risks and basic risk 

mitigation plans. 
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Figure 14: Risk Mitigation Plan  

 

Wind tunnel tests shall be conducted to validate the aircraftôs aerodynamics and flight 

dynamics.  Because wind tunnel testing is a one time trial, the aircraft shall be adjusted to the 

most practical solution apparent.  This design shall then undergo full scale prototyping.  The 

wing, fuselage, payload test bed, engine, and landing gear are apparent technical risks that 

shall be evaluated prior to manufacturing and integration onto the aircraft. 

The wing shall undergo wing loading tests.  If failure occurs, the basic elements of the 

wing shall be explored.  These elements include the structure, materials, and the 

manufacturing process and assembly.  Once the source of the defect has been established, the 

wing shall be adjusted and remanufactured for retest.   

The fuselage shall proceed with the same risk mitigation plan as the wing.  The 

fuselage has similar technical properties to the wing and therefore can follow a similar risk 

mitigation plan. 
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Sensors and data acquisition systems on board the payload test section shall be 

examined in more detail once the sensors and data acquisitioning system has been chosen.  

Having more detail on the sensors will allow for debugging and a more clear solution to the 

apparent problem. 

Propulsion systems shall be validated for their thrust and performance.  The risk 

mitigation plan for thrust shall be propeller examinations and engine tuning.  If the engine 

does not perform to the requirements, an adjustment to the design of the aircraft shall be 

performed or new engine obtained. 

The landing gear on the aircraft must meet certain requirements in case hard landings 

are made. The landing gear shall be tested at various stages.  Should the landing gear not 

meet the requirements, the same mitigation plan as the wing and fuselage shall take place.  

This can be done since they share similar technical qualities and can follow a similar 

mitigation plan. 

Once each technical component has met the requirements, they shall be manufactured 

and integrated onto the aircraft. 

7.0 Team Qualifications  

Table 11: Team Qualifications 

Technical Area 
Team Member 

Responsible 
Level of Expertise 

Aircraft Dynamics Kimberly Kroh Boeing Intern, Aerodynamics, Automated Controls 

Aerodynamics T.J. Chace Aircraft Design, Composites Manufacturing, 4 yr 

Composite experience, 

Propulsions Andrew Mohler Design, Build, Fly. Aircraft Design (ASEN 4138), 

Composites Manufacturing experience 

Materials/Structures Shawn Kruse Aircraft Design 

Electronics/Controls Matthew Olson Electronic Course, Machine Shop experience.  

Payload Chris Ellerhorst Extensive Research with the Colorado Center for 

Astrodynamic Research (CCAR) 

8.0 Response to PDD feedback from PAB  

 
Table 12: Response to PDD Feedback 

PAB 

Comment 
Response 

RC Pilot 

Specification 

An average RC pilot will be defined as a person who has been cleared to 

solo by an Academy of Model Aeronautics (AMA
[1]

) instructor. 

Structural 

Inclusion 

SHARC has included a preliminary structural analysis within this 

feasibility report. 

Funding SHARC is continually working with SNC to gain a more concrete status of 

the projectôs funding. Budget requirements have been edited to be more 

specific and cost feasibility is within this report. 

Requirements Requirements are currently being defined with the customer to ensure the 

best possible outcome for all stakeholders. 
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9.0 Resources  

9.1 Facilities  

Table 13: Facilities 

Facility  Comment 

AES/ME 

Composites Lab 

Facility located on the lower level of CUôs engineering center. Used for 

manufacturing purposes. Contact: Matt Rhode 

AES Machine Shop Facility located on the lower level of CUôs aerospace engineering center. 

Used for manufacturing purposes. Contact: Matt Rhode 

AES Projects Room Facility located on the lower level of CUôs aerospace engineering center. 

Used for design and manufacturing purposes. Contact: Trudy Schwartz  

AES Visions Lab Facility located on the lower level of CUôs engineering center. Used for 

design purposes. Contact: Micah Emery 

ITLL  Facility located on the east side of CUôs engineering center. Used for 

manufacturing and CAD purposes. Contact: Janet A. Bensko 

Arvada RC Field Modelers airfield located on the western slope of Colorado. Used for flight 

testing purposes. Contact: Dr. Brain Argrow 

 

http://itll.colorado.edu/ITLL/index.cfm?fuseaction=Staff&Employee=79
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A. Appendix  A: Various Chord Calculations  
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Figure 15: Chord Length at Varying CL for Span of 6 Feet 
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Figure 16: Chord Length at Varying CL for Span of 5 Feet 
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B. Appendix B: MATLAB Code  

%% Aerodynamics Feasibility 

%Kimberly Kroh and TJ Chace 

%September 26, 2007 

%SHARC Senior Projects 

  

clear all; close all; clc; 

  

rho = .0019869;                         %6000 ft density 

V = [40 50 60 70]*1.68780986;           %ft/s 

L = 55;                                 %Max Weight in lbs 

nu = 1.8201e-4;                         %Kinematic Viscosity in ft^2/s 

  

CL = [0.1:.01:2]; 

  

for i=1:1:length(CL) 

    for j=1:1:length(V) 

        S1(i,j) = L ./ (.5*rho*V(j)^2.*CL(i)); 

        c1(i,j) = S1(i,j)/5; 

        S2(i,j) = L ./ (.5*rho*V(j)^2.*CL(i)); 

        c2(i,j) = S2(i,j)/6; 

        S3(i,j) = L ./ (.5*rho*V(j)^2.*CL(i)); 

        c3(i,j) = S3(i,j)/7; 

        S4(i,j) = L ./ (.5*rho*V(j)^2.*CL(i)); 

        c4(i,j) = S4(i,j)/8; 

        S5(i,j) = L ./ (.5*rho*V(j)^2.*CL(i)); 

        c5(i,j) = S5(i,j)/9; 

    end  

end 

  

c = [.9:.05:2.8]; 

  

for k = 1:1:length(c) 

    for m = 1:1:length(V) 

        Re(k,m) = V(m)*c(k)/nu; 

    end 

end 

  

figure 

plot(CL, c1),... 

    title({ 'Chord as a Function of C_L for Span of 5 feet', 'at 6000 feet 

Density Altitude'}), ... 

    xlabel('Coefficient of Lift (C_L)'),... 

    ylabel('Chord (c) [feet]'),... 

    legend('V = 40 knots', 'V = 50 knots', 'V = 60 knots', 'V = 70 

knots'),... 

    grid on,... 

    axis([0 2 0 7]) 

  

figure 

plot(CL, c2),... 

    title({ 'Chord as a Function of C_L for Span of 6 feet', 'at 6000 feet 

Density Altitude'}), ... 

    xlabel('Coefficient of Lift (C_L)'),... 

    ylabel('Chord (c) [feet]'),... 

    legend('V = 40 knots', 'V = 50 knots', 'V = 60 knots', 'V = 70 

knots'),... 

    grid on,... 

    axis([0 2 0 7]) 

  

figure 

plot(CL, c3),... 

    title({ 'Chord as a Function of C_L for Span of 7 feet', 'at 6000 feet 

Density Altitude'}), ... 

    xlabel('Coefficient of Lift (C_L)'),... 

    ylabel('Chord (c) [feet]'),... 

    legend('V = 40 knots', 'V = 50 knots', 'V = 60 knots', 'V = 70 

knots'),... 

    grid on,... 

    axis([0 2 0 7]) 

  

figure 

plot(CL, c4),... 

    title({ 'Chord as a Function of C_L for Span of 8 feet', 'at 6000 feet 

Density Altitude'}), ... 

    xlabel('Coefficient of Lift (C_L)'),... 

    ylabel('Chord (c) [feet]'),... 

    legend('V = 40 knots', 'V = 50 knots', 'V = 60 knots', 'V = 70 

knots'),... 

    grid on,... 

    axis([0 2 0 7]) 

  

figure 

plot(CL, c5),... 

    title({ 'Chord as a Function of C_L for Span of 9 feet', 'at 6000 feet 

Density Altitude'}), ... 

    xlabel('Coefficient of Lift (C_L)'),... 

    ylabel('Chord (c) [feet]'),... 

    legend('V = 40 knots', 'V = 50 knots', 'V = 60 knots', 'V = 70 

knots'),... 

    grid on,... 

    axis([0 2 0 7]) 

  

figure 

plot(c(19:39), Re(19:39,2), c(8:23), Re(8:23,3)),... 

    title({ 'Reynolds Number as a Function of Chord Length','at 6000 

feet Density Altitude, 7 foot Span'}), ... 

    xlabel('Chord Length [feet]'),... 

    ylabel('Reynolds Number'),... 

    legend('V = 50 knots', 'V = 60 knots', 2),... 

    grid on,... 
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C.  Appendix C:  Various Airfoil Data  

 

 

 

 

 

 

 

 

 
Figure 17: E817 Airfoil (Unit Scale)

[3] 
Figure 18:  E817 Polar Curves (Re = 750,000)

[3] 

 

 

 

 

 

 
Figure 19: H105 Airfoil (Unit Scale)

[3] 
Figure 20:  H105 Polar Curves (Re = 750,000)

[3] 
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D. Appendix D: Advanced Aircraft Analysis Performance Plot  

 

Table 14: SHARC's Performance Plot 
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E. Appendix E: Estimated Bill of Materials (SNC Proposal Summer 2007
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