Problem Statement: The demand for travel is increasing and prioritizing faster and more
sufficient travel iIs crucial for efficiency.

Research Question: How can innovative wing designs enhance aerodynamic efficiency
In modern aircraft?

Conclusion

Among the tested airfoils, the NASA SC(2)-0714 demonstrated the
highest lift-to-drag ratio and consistent performance across different
flight phases and Reynolds numbers over traditional airfoils. Since the
SC(2)-0714 is a supercritical airfoll, this was expected. XFoll,
NeuralFoil, and MATLAB provided aerodynamic coefficient analysis
and data visualization to compare the performance.

Abstract

This project proposes to design, 3D print and test a 1/40t

scale airplane wing model inspired by the Boeing 777x. This -
model will include folding wing tips, and an additional

Innovative feature based on feasibility such as morphing. -
These additions will help improve aerodynamic efficiency by

simultaneously reducing drag and increasing lift, decreasing

economic costs, and overall improving individual’s flight

experience whilst maintaining structural integrity.

Method and Process Steps Hypothesis

Researched multiple airfoils such as the NACA 2412, NACA 4412,
and one supercritical airfoil known as NASA SC(2) — 0714.

Analyzed their lift, drag, and moment coefficient using XFolil and
MATLAB to compare aerodynamic performance with lower
Reynolds numbers. Then calculated realistic values for Reynolds
numbers, velocity, and Mach numbers under certain conditions using
MATLAB.

- XFoll struggled with handling high Reynolds and Mach numbers,
leading me to switch to NeuralFoil for more advanced simulations.

If modern wing designs are optimized using advanced airfoils and
features, they should demonstrate increase aerodynamic efficiency,
specifically higher lift to drag ratios, under realistic flow conditions.
Compared to traditional designs, these profiles will allow for smoother
airflow and lower fuel consumption.

Next Steps

While no SolidWorks model and CFD analysis has been completed yet,
these simulations provide a strong foundation for the next phase of my
project that will begin this summer. These software will allow me to
evaluate real-world flow characteristics such as turbulence, separation
zones, and pressure gradience, which will be applied to the physical
testing in the future.

This project will explore how modern wing technologies can
Improve flight performance through require data analysis,

_ ) : _ - After completing several simulations with NeuralFoll, | created
simulations, CAD-based modeling, and performance testing.

several .dat files including the airfoils performance in different flight
phases such as takeoff, climb, and cruise and ran it through
MATLAB to create curve plots and a table of data to compare each
airfoil’s performance. | selected the airfoil that demonstrated the
most promising results (NASA SC(2)-0714), focusing on mostly the
lift-to-drag ratio and lift curves.
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Background

This study aims to discover the multitude of factors that
define functionality and aerodynamic efficiency in an
alrcraft wing, this would include methods to increase higher -
lift-to-drag ratio, the creation of adaptive wing technology,
and the use of higher aspect ratio, allowing for less drag and
contributing to better aerodynamic performance overall.
This project focuses on measuring pressure, velocity,
density, and temperature data to evaluate lift and drag forces
on a range. The long-term goal is to design, simulate, and
eventually test a wing prototype optimized for aerodynamic
efficiency. Once initial models are validated, a physical

In progress:
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These tests allowed me to understand what I should look for in an
airfoil, allowing me to create my own airfoil data and import it into
SolidWorks. Once imported, | sketched a rough wing design with
little refinements for CFD testing.

Results

Completed initial simulations using XFoil, NeuralFoil, and MATLAB focused on
alrfoils NACA 2412, NACA 4412, and NASA SC(2)-0714. Data revealed that the
NASA SC(2)-0714 airfoil demonstrated the most favorable aerodynamic
characteristics, with a life-to-drag ratio of 182.74 at Mach 0.84 and Reynolds number
2.2x1077. MATLAB was used to generate curve plots comparing lift, drag, and
moment coefficients as a function of angle of attack. In comparison to the other
airfoils, NASA SC(2)-0714 was proven to both minimize drag while maintain a
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- Constructed CFD simulations in ANSY'S to observe flow patterns, _ | _
Goal: NASA Modify SC(2)-0714 to have a thicker leading edge, aft camber (near TE), and flattened upper surface.

pressure distribution, and aerodynamic behavior using the rough
wing design.

Results | Updated Graphs for NASA SC(2)-0714
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ANSYS, and 3D printed with PLA-CF and metal NACA 2412 — (Maximum camber 2% at 40% of the chord from the leading edge. AirfoilData(NACA2412).dat 8 1.17764561 4 0.00571814 167.093907 |
. X ’ . I I % of the chord ) Good for general aviation due to LD ratio AirfoilData(NACA2412 CLIMB).dat 6 1.03603261 3 0.00554699 162.422128 o 5
reinforcements, then tested using our school’s wind tunnel Maximum thickness of 12% - g - o >
_ _ ? _ g AirfoilData(NACA2412 CRUISE).dat 3 0.45519971 1 0.07955682 3.62630365 © 176 E
to vern’y simulation results. AirfoilData(NACA2412_CRUISE2).da 3 0.45519971 1 0.07955682 3.62630365 S 174 c
°? ‘ AirfoilData(NACA4412).dat 8 1.41117637 4 0.00621683 179.34797 ;‘.3 179 3
02| AirfoilData(NACA4412 CLIMB).dat 6 1.29707667 3 0.00584904 183.1457 = %
. | AirfoilData(NACA4412 CRUISE).dat 3 0.64232262 1 0.10837975 4.76898071] 170
p e I . AirfoilData(NACA4412 CRUISE2).da 3 0.64232262 1 0.10837975 4.76898071 168 [
= S S S S S R S e e S irfoilData .dat : : : 166 -
Materlals °IN | AirfoilD (5C20714).d 8 1.57232034 4 0.00671355 182.744777
0Ar / e AirfoilData(SC20714 CLIMB).dat 8 1.57232034 4 0.00671355 182.744777 164 , , , , , | | . . . | . .
02l ‘ ‘ | Joi=s ] ‘ g AirfoilData(SC20714 CRUISE).dat 8 1.57232034 4 0.00671355 182.744777 4 4.5 5 5.5 6 6.5 4 45 5 5.5 6 6.5 7 7.5 g
. . . - . ? § \ £\ : : - Angle of attack, a Angle of attack, a
: AirfoilData(SC20714 CRUISE2).dat 8 1.57232034 4 0.00671355 53883
XFoil v6.99 — Software used to analyze airfoils, calculating lift, % N N O S N N N () rfoilData( - ).da
=P - - - o B AoA — Angle of Attack | CI — Lift Coefficient | Cd — Drag Coefficient L/D — Lift-to-drag ratio a vs. Cd data: Cd vs. Cl data:
drag, and moment coefficients under various flow conditions. NACA 4412 — (Maximum camber 4% at 40% of the chord from the leading edge. - N ———. o T
= . . . . . Itudes elocity eynolds Numnber ase ac : : - m - - g~
NeuralFoll Maximum thickness of 12% of the chord.) Used for sports planes, has a higher coefficient 2| 3127248 748633081  60031810.91 Takeoff 0.2207g833g| 32 ‘70805513 13738ssed  assssges Climb 042707214 1551
. " 17 — _ _fi of lift. | R R 3 | 459.237144 91.6312433 71607592.98 Elimh 0.27069153| |3, 5001.11982 141.830175 47665183.84 Climb  0.442518152 _
(https'//g IthUb'Com/pete rdSharpe/NeuraI FOI I . tab rea’dme OV fl Ie) Ci. max - = (1808.1.00) 4 605?49489 92?891886 ?066094804 {:Ilmh 02?45?1122 35 5147.63216 144.139252 A7067201.14 Climb 0.45056261 85 | 15
- - - - - - NACA 4412 5 | 752.261833 93.9696337 69726759.78 Climb 0.278531198| |36 | 5294.14451 146.510347 46479597.12 Climb 0.45883301
— Similar but more powerful machine learning based prediction w e e e _ 145
I h I d I - f I ﬂ - h f d 02] 7 | 1045.28652 96.4005556 67895359.11 Climb  0.286702112| |38 >°87.16919 151.448916 45335476.36 Climb | 0.476089574 % = 14l
tool than XFoll used to ana yze all'tol Ig L per ormance under 8 | 1191.79887 97.6523593 66997953.38 Climb  0.290917831| | .| />>081>% 154021932 44778045.99 Cllmb 0485096203 g 8 -
: T I = T 9 | 1338.31121 98.9293189 66112617.81 Climb  0.295223802 jf 2232;3232 ﬁSiZEE;‘i 44243326?98639'23 E:::,; Doqigigji; = e 135
Varlous fIOW Cond Itlons' oé\ /,A;\\ 10 | 1484.82355 100.232164 65239259.7 Climb 0.299622711| | a2 5173:21357 152:192771 43171587.9 Climb 0_5.13754073 "g é 13l
. ; — 11| 1631.3359 101.561654 64377788.06 Climb  0.304117349| |43 | 6319.73092 165.078359 42656605.43 Climb  0.523911298 o 75 g
MAT LAB R2024b - Used for CaICUIatIng and pIOttlng 0.1 12 1777.84824 102.918577 6535781132.52 Climb 0.208710621 44 | 6466.24326 168.051178 42152079.36 Climb 0.534377036 E 8 195
. A 23| 1924.36059 104303754 62690148.72 Climb 0.31340555| L45 | 6612.75561 171.115345 41658056.13 Climb  0.545176388 O
ae rOdynamIC CurveS. | / i 14 | 2070.87293 105.718042 61863807.76 Climb 0.318205282 7k 1.2
- - -0.3 i i i i ‘ i i i i Ry \ 15 2217.28528 107.162329 61049006.84 Climb 0.223113098 63 9249.9778 242.678587 33826466.56 Cruise 0.801713607
_ 0 01 0.2 03 04 05 06 07 08 09 1 ) 1 1 5
SolidWorks 2024 — CAD software for creating 3D models of the £ e ‘ o isammes 1nborses  cossonod Cimh  Ooseiana] |4 MG Masies  oiniss cuie s
. - 17| 2510.40996 110.144657 59453699.42 Climb  0.333266793 ' ' o b 1.1 ' ' ' '
i ) . 66 9689.51484 249.277776 31537851.09 Cruise  0.828722718 . . . . . . . .
Wi ng . NASA SC(Z)-O714 — (MaXImum thickness of 0.14, blunt tralllng edge, camber of 15%) 18 | 2656.92231 111.684674 58673035.12 Climb ~ 0.338519954| |67 | 9836.02718 251.536187 30804074.04 Cruise  0.83800481 6'54 4.5 5 55 6 6.5 7 75 g o5 Coe;iiient of DragS(Cd) - 10.:?
1 L 1 i . 10 . . - 19 | 2803.43465 113.25865 57903595.42 Climb 0.343895775| |68 9982.53952 253.824803 30084475.01 Cruise 0.84743104 Angle of attack, o X
ANSYS 2025 R1 (| N progress) Software used for analyzmg Sgperctrr:tlcal aldrfo]: I D((éjSlgned to reduce wave drag in aircrafts that operate close to or 20| 2020.047 114 86768s 714=706.83 | Cimb | 0.349395300 B63] 10120.051] 256144150 20378836 14| Cruise | 0.857004276
- - - - - above the speed of sound. : 70 10275.5642 258.494803 28686942.05 Cruise  0.866727457
pressure, VeIOCIty, and temperatu re dIStrlbUthnS arOU nd the Wlng P 21| 3096.45934 116.512529 >0398098.17 Elfmh 0.35503175 71 10422.0766 260.877293 28008579.82 Cruise  0.876603589
_ ) ) SC(2-0714 $C(2)0714: Cm va 0 22 | 3242.97169| 118.195583 55661900.66 Climb 0.360800646 72 | 10568.5889 263.292202 27343539.01 Cruise  0.886635757 Refe rences
U I UC A| rf0|| COO rd“’]ates Data Base — (httDS//m— " - T 23 | 3389.48403 119.916906 54936648.04 Climb  0.366709506| |73 10715.1012 265.740114 26691611.57 Cruise  0.896827118
o o . - i . 0.2} , ; ; . AN /"/ | : : \ 24 | 3535.99637 121.678213 54222276.67 Climb 0.372763218 74| 10861.6136 268.221627 26052591.88 Cruise 0.907180909 Jenkins, R. (n.d.-b). NASA NASA SC(2)-07 14 Airfoil Data Corrected for Sidewall Boundary-Layer Effects in the Langley 0.3-Meter Transonic Cryogenic Tunnel.
_ _ j 2 \ // 25 | 3682.50872 123.480883 53518725.66 Climb 0.37896686 75| 11008.1259  270.77034 25411794.67 Cruise  0.917700376 https://ntrs.nasa.gov/api/citations/19890008197/downloads/19890008197.pdf
Sel Ig . ae . I I I I no IS- ed U/ad Slcoord=d atabase [ htm I) 01F o - 1 _ : \\/ _ / 26 | 3829.02106 125.326361 52825937 Climb 0.385325751 ;g E;gfi;ﬁigz 2;;9;:;;? i:?igiiji; Eruise ggggijggzj peterdsr};;&%,g,giﬂbiig?ﬁdbp?;;is.;]/agri?ﬁégii:i;?;t;:g:;:i?}ﬁ;f;|i§i|gigzi:izgjrire({i¥fg|r:ics analysis tool using physics-informed machine learning, in pure
Vlsual StUdIO COde — Used to run Neural FOII ok sl : \\_\;;7\\7:\4 : it | \ : '/’7 e e = 27 3975.53341 127.216162 52143855.69 {:Ilmh 0.391845471 78 1144.7.553 280.9:18358 22902557:55 Cruise 0:950060717 XFOIL Subsonic Airfoil Development System. (2013).Mit.edu. https://web.mit.edu/drela/Puinc/web/xfoiI/ .
- : o T T \ \ / 28 | 4122.04575 129.151876 51472429.9 Climb 0.398531876 70| 11594.1753 283.575273 2212246576 Cruise 0.961099117 MATLAB Answers - MATLAB Central. (n.d.). Www.mathworks.com. https://www.mathworks.com/matlabcentral/answers/index
- - - I ——— : — . e SN 5 e 29 47268.5581 131.135174 50811611.14 Climb 0.405391115 . ANDERSON. (2016). Fundamentals of aerodynamics (6th ed.). McGraw-Hill Education.
Aerospace Eng I nee rl ng T@thoo kS and We bS I teS o : : ] \ , , - - - i - S8 11710.6877) 286.870028 21368344.94 Cru!se 0.972265769 Selig, M. (2010). UIUC Airfoil Data Site. lllinois.edu. https://m-selig.ae.illinois.edu/ads/coord_database.html
0 30 | 4415.07044 133.16781 50161354.45 Climb 0.412429649 81 11887.2 250.203064 20641090.05 Cruise 0.983562161 Hall, N. (2023, December 7). Guide to Aerodynamics. Glenn Research Center | NASA; NASA. https://www1.grc.nasa.gov/beginners-guide-to-aeronautics/learn-about-
0.2} aerodynamics/
S N - Using MATLAB, | generated realistic parameters for velocity, Reynolds number, and Mach number T bt o o > erated. Embry-iddie Acronautical Unversty.
This airfoil is similar to the supercritical airfoil based on the altitude (starting at 312.7248m — Hartsfield Jackson altitude above sea-level) Airfoil Tools. (2019). NACA 2412 (naca2412-il). Airfoiltools.com. http://airfoiltools.com/airfoil/details?airfoil=naca2412-i

the B777x uses.

Airfoil Tools. (2019b). NACA 4412 (naca4412-il). Airfoiltools.com. http://airfoiltools.com/airfoil/details?airfoil=naca4412-il

NASA SC(2)-0714 AIRFOIL (sc20714-il). (n.d.). Airfoiltools.com. http://airfoiltools.com/airfoil /details?airfoil=sc20714-il
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