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Executive Summary of Design 
 

Abstract 

     Team Valkyrie’s wing for the 2016 National 

Wing Design Competition features a sailplane-

inspired high-lift configuration, with a rectangular 

constant-chord of 10 inches (25.4 cm) and a 

span of 87.75 inches (225.25 cm). The wing may 

be mounted to the fuselage using the same pin 

and bolt system the stock wing uses or with 

rubber bands, while water is carried in onboard 

tanks and the other payloads are bolted through 

the wing structure. Our flight control systemis 

actuated by two Hitec servos and uses two 

flaperons, each 26.5 inches (67.3 cm) long, to 

give the pilot clean roll control and precise 

lift/drag regulation.  The Valkyrie has 6 degrees of dihedral to provide moderate static and dynamic 

stability, and utilizes the Martin Hepperle 114 to fully exploit the advantages of its planform. Tests indicate 

the combination is both aerodynamically superior to a shorter span and results in a higher flight score. All 

lift-generating surfaces are covered with Topflite® Monokote®. 

     We used traditional aeromodelling tools and materials in our construction process, including balsa 

wood, basswood, cyanoacrylate glue, wood glue, and fiberglass. These materials and their building 

techniques were more favorable for our mission than alternatives, like foam board and sheet metal, 

because successful completion of a payload-carrying flight demands a high strength-to-weight ratio over 

our long chosen span. After research and testing, we found foam board to be rather delicate and 

vulnerable to engine exhaust, while aluminum sheet and tubing were simply too heavy and expensive. 

Wood and fiberglass, on the other hand, were already available and we were comfortable with them. 

 

Optimization and tradeoffs 

     We anticipate that the empty Valkyrie wing will be provide more lift at lower speed than the stock wing, 

allowing the NexSTAR to take off in a shorter distance and to climb faster. We endeavored to maximize 

the airplane’s lift-to-drag ratio for efficiency, but we remembered that we did have an engine. The addition 

of payloads on the wingtips will weigh the airplane down, with the takeoff speed and distance in summer 

weather likely exceeding that of the stock configuration; since we will be flying at a full-scale airport (and 

probably with a headwind), this will not be a problem, nor will the loaded aircraft’s inertia (see table 2). 

The pilot may deploy the flaperons as needed to increase takeoff lift and to increase drag to slow the 

airplane upon landing. 

Figure 1: Hobbico Nexstar and Valkyrie Wing 
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     Roll stability and control was difficult to optimize because placing mass at a distance from the aircraft 

thrust line increases the amount of force the ailerons need to apply in order to stop and start rotation. The 

loaded Valkyrie wing is predicted to have a slower roll rate than the stock NexSTAR, but it will still be well 

above the minimum needed to make the left and right turns in the competition traffic pattern, as well as to 

recover from unusual attitudes. Our design is in this regard a compromise, with anticipated tradeoffs in 

stability and maneuverability, both of which are influenced by payload mass, location, and drag.  

     Aircraft structure needs to be strong to bear a load, but it must also be light enough to fly. Our wing 

achieves a substantial reduction in weight over the stock NexSTAR wing, yielding high overall flights 

scores as defined by NASEI, but is still strong enough to support the aircraft and a variety of payload 

combinations in flight from removable hard points. Had we had more experience and access to higher-

grade wood, carbon fiber, stress modeling software, and advanced manufacturing techniques, we could 

have made the wing lighter and stronger still; however, such methods would be more expensive and 

more difficult to perfect than building with the useable wood, hardware, and tools we already owned. 

Wing Parameter Design 

    The mission requirements for our wing include the many turns which the airplane must make, the 

requirements that the airplane must land on the runway and without significant damage, the flight altitude 

(sufficient to clear terrain yet low enough for the aircraft to remain safely visible), the weather, and the 

requirement that at least one payload must be carried in flight. Other, non-mission requirements that also 

influenced our design were our level of experience, available time, budget, existing tools and materials, 

and the writing of an in-depth design report. This led us to eight primary design requirements:  

1. Strong lift force at and close to landing speeds          5. Relative simplicity and ease of construction 

2. High strength to weight ratio             6. Efficiently uses materials/ tools we already have 

3. Relatively stable yet maneuverable                            7. Strong mounting positions for payloads 

4. Gentle stall characteristics                                          8. Method for mounting wing to fuselage 

Comparative Analysis 

     Our design process followed a workflow that seeks to find the best general solution to a given 

engineering problem before optimizing the minutiae of implementation. With this in mind, we proposed 

and compared three different wing configurations: biplane, sailplane hybrid, and delta. We then selected 

the most desirable and further refined it, as described below. 

 

Wing 1: Biplane 

     Biplane wing and reinforcements create a strong, rigid box truss, and can be quite maneuverable 

because less torque is required to roll the shorter wingspan. The two smaller wings also make 

transportation easier, especially if they are removable.  Such a structure even lends itself to adding sturdy 
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mounting points for payloads. This wing would have used a heavily undercambered airfoil like the Eppler 

422 or 423, with large control surfaces on the bottom panels. 

     There were, however, disadvantages to the biplane. The Hobbico Nexstar is designed as a high-wing 

monoplane, and we found it would be difficult to mount the low wing to the bottom of the fuselage and still 

place the high wing out of the low’s influence. We considered staggering the wings, but this interfered 

with the aircraft’s landing gear. Because biplane wings are shorter than monoplane wings, our team 

decided that even flying with the payloads on the wingtips did not place them far enough from the aircraft 

thrust line, resulting in an unsatisfactory low flight score that ultimately led to rejection. 

 

Wing 2: Delta 

     The equation for a team’s flight score is given in the 2016 NWDC rules as ((3)X-distance+(2)(Y-

distance)/wing weight (lbs)), which clearly gives an advantage to teams who are able to mount their 

payloads far aft or forward of the Nexstar’s datum. A swept delta configuration, not unlike that of a flying 

wing or low-speed RC airplane, lends itself to mounting payloads in locations aft of the datum as 

described, and also has favorable stability characteristics. The NACA 62(1)-212 would work well for the 

configuration, as it is similar to jet transport airfoils. 

     Unfortunately, a delta planform is difficult to design and build, because taper must be built up with 

many different wing ribs and broader sections necessitate unique structural considerations; we thought 

was beyond our current abilities. Aerodynamically, stall speed and airspeed stability could suffer from the 

reduced effective airflow caused by sweep, and the potential aft center of gravity could cause loading 

problems. In short, though the delta wing had the potential for very high flight scores, designing and 

building it was beyond our current skillset and resources. 

 

Wing 3 Sailplane 

     According to the Newtonian theory of lift2, aerodynamic efficiency goes to infinity with the volume of air 

displaced and as flow velocity goes to zero. The amount of lift an object generates is dependent on its 

area, but both induced and parasitic drag vectors are affected by aspect ratio (i.e. wingtip vortices and 

skin drag). With a higher aspect ratio wing, it is relatively easy to change span and area (and thus lift) to 

match anticipated loads, reducing unneeded drag. There is also headroom for a variety of airfoil system 

choices. We eventually optimized the length to carry wingtip-mounted payloads with a safe excess of lift, 

yet maintain a relatively high wing loading for stability in turbulence.  

     A long-span configuration is also structurally well-suited to this year’s flight mission of carrying multiple 

payload configurations, as a long wing can have many mounting points for objects along its length. Spars 

would have to be spliced, but could be made very strong, and the addition of movable control surfaces 

would be simple (we quickly decided on flaperons attached to the trailing edge spar; see table 

     In the end, the most significant factor leading to our selection of the sailplane wing was its relative 

ease of construction. We were able to find many resources describing how to build one, and our RC 
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enthusiasts were also familiar with the methods involved. We even had options like taper, washout, and 

elliptical wingtips, but decided to avoid making our design overly complex.  

 

Airfoil selection 

     From the start, we decided to narrow our choices down to the six airfoils in the rules appendix, and to 

look for profiles that were easily built, efficient, and sturdy. A barn door can generate lift, but airfoils 

determine a wing’s stall and drag characteristics; this, along with structural considerations, led us to 

discount the NACA 62(1)-212 airfoil due to its unusual shape. The Eppler 422 and 423 airfoils both exhibit 

striking under-camber; although these generate plenty of lift, they also generate an undesirable level of 

induced drag. These airfoils, along with the Selig/Donovon 

7043, were ultimately rejected because their ribs are too 

breakable.  

    This left us with the Martin Hepperle 114 and the USA-35B. 

Both appeared thick enough to contain strong structure, and 

both also excelled aerodynamically. The USA-35B, however, 

was completely flat bottomed, while the MH 114 had some 

under-camber. The USA-35B would have been easier to build 

because of this shape, but the MH 114’s aerodynamic 

advantages, including a comparably higher lift coefficient at the 

target Reynolds number and a greater all-around lift to drag 

ratio, outweighed that convenience.  

     These aerodynamic advantages, coupled with the structural advantages of a thick cross-section and a 

nearly flat bottom, is what led us to select the MH 114 airfoil for use in the Valkyrie wing. 

 

Wing and control surface sizing      

     Because our wing will both carry more weight and withstand more stress than the NexSTAR’s stock 

wing, we made our wing longer with similar chord to add more lift (as per the lift equation) .To provide 

more room for payloads and internal structure, the Valkyrie’s flaperons are relatively small, as compared 

to the stock wing’s, but provide ample roll authority over their length throughout the airspeed regime (see 

table 2). 

     Our design is 27% longer than the stock wing, but its flying weight is only 82% of that of the stock wing 

(see table 2); we reasoned that the stock wing was heavy because it was designed for new pilots. The 

stock NexSTAR has a role rate sufficient for gentle aerobatics, but because it has no flaps, the pilot 

simply reduces throttle to descend. In test flights, the stock NexSTAR’s inertia caused it needed a 

considerable amount of runway for both takeoff and landing. The Valkyrie’s flaperons provide a more 

controlled method of descent when the airplane is descending from pattern altitude and is even more 

heavily loaded, and they also allow the pilot to precisely vary the wing’s lift as appropriate for the mission.  

Figure 2: MH 114 airfoil and payload mounting 
capabilities 



 Configuration Weight oz (g) CG aft of datum in (cm)Total lat. moment oz/in (g/cm)Dx Dy Score

Stock NexSTAR with stock wing and full fuel 112.25 (3182.0) 1.50 (3.8) 168.40 (12126) 0 0 0

NexSTAR with empty Valkyrie wing and full fuel 105.55 (2992.3) 1.34 (3.4 141.59 (10196) 0 0 0

24" PVC and 24"/36" PVC (24" counterweight) 169.30 (4799.6) 2.10 (5.3) 355.37 (25589) 0 19 23.7

24" PVC and 16 oz water (24" counterweight) 150.00 (4252.4) 1.85 (4.7) 277.47 (19980) 0 39 48.6

24" PVC and 30 pennies (24" counterweight) 137.45 (3896.6) 1.43 (3.6) 196.81 (14172) 0 42.5 52.9

24"/36" PVC and 30 pennies (24" counterweight) 158.35 (4489.1) 2.02 (5.1) 319.79 (23027) 0 42.5 52.9

24"/36" PVC and 16 oz water (24" counterweight) 171.05 (4849.2) 2.03 (5.1) 348.01 (25059) 0 42.5 52.9

16 oz water and 30 pennies 126.25 (3579.1) 1.56 (4.0) 196.81 (14172) 1 39 50.4

Quantity Valkyrie Imperial Stock Imperial Valkyrie metric Stock metric

Wingspan 87.75 in 69 in 224.86 cm 175.3 cm

Chord length 10.0 in 10 in 25.4 cm 25.4 cm

Wing area 877.5 in 2̂ 722 in 2̂ 0.566 m 2̂ 0.466 m 2̂

Wing loading, no payload 15.04 oz/ft 2̂ 21 oz/ft 2̂ 86 g/dm 2̂ 63 g/dm 2̂

Wing loading, maximum 28.07 oz/ft 2̂ unknown 161 g/sqr dm unknown

Loaded takeoff weight 171.05 oz 112.25 oz 4849 g 7389 g

Aspect ratio 9 to 1 7 to 1

Taper 1 (none) 1 (none)

Dihedral 6 degrees 8 degrees

Wing angle of Incidence 5 -2

Airfoil MH 114 Hobbico trainer

Reynolds number  range 1.5-2.0 x 10 5̂ 1.6-2.0 x 10 5̂

Control surfaces 2 2

Servos 2 1 (or 2)

Throws +0.5, -1.1 in +0.5, -0.375 in +1.27, -2.79 cm +1.27, -0.95 cm

Length (each) 26.50 in 30.0 in 67.3 cm 76.2 cm

Width 1.25 in 1.38 in 3.2 cm 3.5 cm

Area 33.125 in 2̂ 41.4 in 2̂ 213.7 cm 2̂ 267.0 cm 2̂

Percentage of  wing area 3.77% 5.73%

Quantity Imperial Metric

Empty stall speed (clean) 24 kts 12.4 m/s

Empty stall speed (dirty) 18 kts 9.2 m/s

Loaded stall speed (clean)34 kts 14.4 m/s

Loaded stall speed (dirty) 24 kts 13.4 m/s

Cruise speed 60 kts 30.8 m/s

Max. level speed 78 kts 40 m/s

Never exceed speed 90 kts 46.2 m/s

Best rate of climb 48 kts 24.6 m's

Best angle of climb 36 kts 18.6 m/s

Best glide speed 36 kts 18.6 m/s

Max. static thrust 44.10 oz 1250 g

Best lift-to-drag ratio 70 to 1

Cruise lift 175 oz 4849 g

Cruise induced drag 2.5 oz 71 g

Min. roll rate 30 degrees/s

Min. aerial turning rad. 45 ft 13.7 m
Table 2: Predicted performance characteristics4 5 

Table 1: Weight and balance data for specified payload configurations2 3 

Table 3: Specifications comparison 
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Figure: Airfoil profiles 
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Figure 3: Concept drawing 
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Manufacturing Plan 

Building Methods Investigated 

     Many of our Aerospace students are Makers, and we took 

inspiration from both the simple and sophisticated ends of the DIY 

technology spectrum. Our engineering team used AutoCAD 

Architecture 2011 and Google Sketchup CAD/CAM software for 

generating professional engineering drawings from our informal 

sketches.3D printing was considered as a way to produce prototypes 

of assemblies and for complex parts, such as the wing saddle 

mounting system. We also investigated using a laser cutter to increase 

accuracy and reduce cutting time for our ribs, but we did not have 

access to one. 

     Had our design utilized an under-cambered or more 

symmetrical airfoil profile, we likely would have used a wing jig for 

more accurate alignment of parts. Such a system involves drilling 

holes through the ribs for two straight steel rods, then threading 

the ribs onto the jig in order to sand the all to a common 

curvature. Once sanded, the builderspaces out the ribs, 

positioning each at a right angle to the jig and adding spars, the 

leading edge and the trailing edge. 

  Also appealing were composite designs such as foam-core, 

balsa-skin fiberglass; fiberglass or carbon fiber reinforced foam; and folded Dollar Tree foamboard wings. 

The foam-core fiberglass wing was the most feasible of these concepts, but we lacked the proper tools 

and skills to accurately cut the airfoil shape with a hot wire. Two-stroke fuel is also unfriendly to most 

kinds of foam, and paper-backed foamboard seemed structurally unsound at the scalewe intended to use 

it.  

Final Building Methods 

     Our plan for building our wing was developed in conjunction with two RC enthusiasts, and essentially 

involves two main parts: cutting out individual components, then fitting and gluing these together into 

assemblies. To summarize, we constructed our wing from balsa and basswood sheeting and spars, using 

cyanoacrylate, wood glue, and epoxy to hold things together. #11 X- Acto knives were used for cutting out 

the wing ribs, while we used a balsa saw for trimming spars and the wing’s leading and trailing edges. 

Because the under-camber of the MH114 airfoil is found mostly aft of the location of the design’s trailing 

spar, it was possible to assemble the wing on a flat building board (we used a spare ceiling tile).  

Figure 4: Example of 3D printed part 

Figure 5: Structural Prototyping 
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     We used a substantial amount of 1/16 inch sheeting on our wing, 

covering the entire structure to the fifth rib from the root, as well as the 

span between the main spar and leading edge (LE) and a rear 1 ¼ 

inch section over the trailing edge (TE) spar (all top and bottom). This 

sheeting proved to be one of the most challenging assemblies on the 

wing, because we had to splice sheets and had trouble getting parts to 

fit together correctly. By sanding and fillingwe were nonetheless able to 

achieve a satisfactory frame for covering. 

     The trailing edge was constructed from 1 ¼ inch wide tapered balsa 

strip stock and attached directly to the TE spar with wood glue. Joining the left and right wing panels was 

a fairly straightforward process; we simply sanded the mating faces smooth and used wood glue between 

them. We reinforced the joint with 3 inch wide fiberglass tape and a two-part epoxy resin. 

     The flaperons were also created from balsa strip stock, but a fillet was sanded into their edges to 

prevent them from binding. Once the woodwork had been sanded and vacuumed, the covering 

application process went smoothly and quickly. We covered out wing with white, blue, and silver 

Monokote®, using a low setting to tack the plastic to the spars and ironing out wrinkles at a higher setting. 

Stickers were applied to make orientation easier. 

     We then cut holes in the covering for our servos, servo 

leads, and payload mounts. We used plastic hinges with 

cotter pins, and glued them into hinge slots using CA . Control 

horns were bolted through the flaperons on the inboard 

corner, while their corresponding servos were assembled, 

centered, and screwed down onto basswood blocks 

positioned inside the wind structure. The majority of the 

building work was completed by February.  

     We designed our payloads according to the competition 

rules, and will be flying all PVC pipes with foam fairing. Water is carried in 16 oz drop tanks, while the 30 

pennies are carried on aluminum wire outriggers. The Valkyrie wing is designed to use the same pin and 

bolt mounting system as the stock wing, but may also be attached to dowels in the fuselage with rubber 

bands. 

     Additional building tasks were performed at the flying field with the help of local RC pilots. These were 

primarily control adjustments, including programming the flaperon mix into the Futaba 7c transmitter and 

mechanically trimming the flight controls, although some repair work was needed on the landing gear.  

Figure 6: Wing structure on workbench 

Figure 7: Covering 
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Testing Plan 

     After reviewing existing manned aircraft checklists, as well as NASEI’s required pre-flight paperwork, 

we elected to create our own checklist for our NexSTAR. We intend to use this basic form during our first 

flights and during competition operations. The NexSTAR engine has been run approximately five minutes 

once every two weeks during the year to promote the break-in process, while the airframe was damaged 

(and subsequently repaired) in a December test flight. Our intent is to train our student pilot through a 

“buddy box” system in conjunction with a more experienced RC pilot from our local aeromodelling club. 

2016 NWDC Valkyries flight testing checklist 

Planning:  

-Check pilot for currency, fit-for-flight, and AMA/FAA registration 

-Check the weather the morning of the flight and verify it is adequate for flying:  

-Charge all batteries 

-Pack field box:  

       -Phillips Screwdriver      -10% Nitromethane fuel   -Fuel Pump and line        

       -Flathead Screwdriver   -Glow Plug lighter             -Windex/paper towels              

       -Wrench                         -Safety glasses                 -AMA/FAA registration    

Documentation: 

-Take picture of the airplane before flying 

-Ensure contact information and AMA/FAA registration numbers are readable without tools 

-Competition proof of flight and AMA member inspection forms 

Preflight: 

Check airframe for integrity: 

-Look for punctures, tears, stretches, etc. and repair if needed 

-Check control linkages, clevises, hinges, and horns for security 

-Ensure wing is securely mounted 

-Ensure any payloads are securely mounted, and that the airplane balances within limits 

Check electronics and powerplant: 

-Turn on transmitter and plug in receiver 

-Cycle controls to check for correct movement and check throttle failsafe 

-Check engine and propeller for security 

Engine start: 

-Ensure fuel lines correctly connected 

-Pump fuel into the tank and prime the engine as needed 

-Have student stand and hold aircraft’s tail 

-Place glow plug lighter onto glow plug and urn engine over using electric starter 
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-When engine starts, verify that it is running in the correct direction 

-Check the engine at all power settings 

Takeoff: Look at the windsock 

-Practice full power taxiing and aborted takeoffs 

-Climb straight ahead to safe altitude and begin gentle left-hand turn 

Cruise: Begin flight timer 

-Pilot: monitor fuel on board and power settings 

-Maintain safe altitude 

Landing: Practice runway alignment, decent power settings, and flare about 100ft above the ground. 

-Test flaps 

-Avoid hard landings with heavy wingtip payloads 

After Landing:Drain fuel tank 

-Turn airplane and transmitter OFF 

Ensure all items are accounted for before leaving the pit area 

 

Results 

We have planned test flight for our NexSTAR with the stock and Valkyrie wings, and will be flying with all 

payload configurations prior to competition day for the proof of flight form. 

     The stock NexSTAR airframe has been test-flown with the use of a buddy-box system, serving both to 

train our team pilot and to establish a performance baseline for the Valkyrie wing. The airframe needed a 

few tweaks at the flying field, including adding a LiFe battery, adjusting the engine’s mixture settings, and 

replacing the bungee cord mounting system with eight rubber bands. 

    The very first test flight revealed that the airplane’s nose wheel was slightly misaligned, and that the 

NexSTAR’s low-rates aileron throws were too low. Travis, our test pilot, switched to high rates and 

landed, at which point we reprogrammed the aileron throws and adjusted the nose wheel. 

     We continued to make fine adjustments to the mixture as the engine continued its break-in cycle, and 

test-flew again. Upon applying full throttle for takeoff, the airplane veered sharply to the right (nearly 

hitting a tree) before our test pilot reduced power and the airplane became controllable. We initially 

thought the engine came lose; upon landing, we found it secure, albeit canted excessively. 

     We corrected this behavior by turning the engine approximately three degrees to the left. We also 

elected to rotate the muffler 180 degrees in order to direct the oily exhaust mixture away from the 

airframe. In subsequent test flights the NexSTAR’s behavior was much improved, though it still has 

problems. 

     Phillip, our team pilot, was then trained on the stock NexSTAR, making several landings on the field’s 

runway. The day’s flying ended when we landed the airplane in long grass, damaging the landing gear. 
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     Later, our RC enthusiasts transferred the engine and electronics to a new fuselage, and we were able 

to continue our testing. Subsequent trips to Stahl field have revealed problems with the airplane, such as 

faulty ailerons on the stock wing, but have been mostly promising. 
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Notes: 

1RHS’s team Valkyrie partnered with the Southern Kentucky Model Aeronautics Club (SKYMAC) and with 

the Model Shop, both located in Bowling Green, Kentucky. 

2We used Newton’s equation F=MA, where F=lift, m=mass of air accelerated downward, and a=velocity of 

air accelerated downward, to draw these conclusions. Our airfoil choice is designed to exert a downward 

force on air so that it, the fuselage, and payloads are able to overcome the downward force of gravity. 

3Moment of inertia values were calculated using the formula MI=ma2, where m=mass in oz. and a=arm in 

in. This coefficient is used to determine loading limits as defined by the minimum safe roll rate. 

4Predicted performance characteristics were computed for STP conditions: temperature 15 degrees C 

and pressure 29.92 in. Hg. 

5Data gathered from Computational Fluid Dynamics (CFD) simulations, using software tools from NASA’s 

Glenn Research Center, in conjunction with actual test flights with GPS telemetry. 

6Flight scores were calculated during testing and are approximate.  


