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Abstract— Aircraft wing which is among most important part 

for any aircraft to be reliable for increasing its efficiency. 

Among different shaped aircraft wings used in different 

aircraft as per aircraft’s uses and function also as per load 

carrying requirement. To include the research in different 

shaped wings here 1. Rectangular wing, 2. Trapezoidal wing 

is considered for study. Different aircraft wings have 

maximum lift force at different angle of attack. The research 

includes in increasing the lift force with accordingly 

minimizing the drag force at lower possible extent. The wings 

been tested on different angle of attack in CFD software and 

along with that also same actual 3-D printed wing using PLA 

(Polylactic Acid) is a biodegradable thermoplastic by Fused 

Deposition Modeling (FDM) tested in wind tunnel under 

same conditions and parameters as of CFD to find maximum 

lift which is between 8° to 15° as per standards. The results 

to be considered to analyze the critical angle of attack where 

maximum lift is generated along with it analyzing the 

difference between the results obtained from CFD analysis 

and test conducted in wind tunnel.  
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I. INTRODUCTION 

The project deals with the analysis of the 2 different shaped 

aircraft which is 1. Rectangular wing, 2. Trapezoidal wing 

along with consideration of the standard shape of both the 

wings according to NACA (National Advisory Committee for 

Aeronautics) which includes the geometry of the wing with 

considering it as symmetry in the following analysis. 

Considering the analysis further geometrical designing of 

both the aircraft wing in SOLIDWORKS software with latter 

followed by 3-D printing of the same wings specifying the 

reliable material (PLA material) for the actual analysis in the 

wind tunnel with this followed by importing the similar 

geometry of both the wings from SOLIDWORKS software to 

the CFD analysis software STAR CCM+ for further CFD 

analysis.  

A. Principle 

The fundamental principle includes the generation of lift 

force due to the pressure distribution over the upper surface 

which is negative pressure applied while towards the lower 

surface high pressure is applied due to which the aircraft wing 

gets lift considering Newton’s third law where equal and 

opposite force exerted on the lower surface of the aircraft 

wing, which continues to lift the aircraft wing upwards. 

 
Fig. 1: Principle of lift generation 

II. DESIGN 

The design of aircraft wing on SOLIDWORKS software 

based on the standards of NACA Which includes NACA 

0016 for Rectangular wing with symmetrical airfoil type, 

similar with Trapezoidal wing include NACA 0018 standard.  

 
Fig. 2: Nomenclature of airfoil for designing as per NACA 

standards. 

`NACA standard of four-digit series indicated as, 

Rectangular aircraft wing with NACA 0018 has maximum 

camber of 0% located 0% from leading edge with maximum 

thickness of 18% of the cord. Also with Trapezoidal aircraft 

wing of NACA 0018 has maximum camber of 0% located 0% 

from leading edge with maximum thickness of 16% of the 

cord. 

A. Solidworks Design 

Designing the two aircraft wings using SOLIDWORKS 

software with creating the symmetrical airfoil as per NACA 

standards. 

 
Fig. 3: Rectangular aircraft wing(NACA0018) 

 
Fig. 4: Trapezoidal aircraft wing(NACA0016) 
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B. 3-D Printing 

Material: 3-D printing of the aircraft wings using the PLA 

material. PLA (Polylactic Acid) is a biodegradable (under the 

correct conditions) thermoplastic derived from renewable 

resources such as corn starch or sugarcane. It is one of the 

most popular bioplastics, used for many applications ranging 

from plastic cups to medical implants. Accuracy of PLA 

material Due to its lower printing temperature, PLA, when 

properly cooled, is less likely to warp (making it easier to 

print with) and can print sharper corners. Surface finish of 

PLA is semi-transparent, often resulting in a glossier finish. 

Heat resistance of PLA can rapidly lose its structural integrity 

and can begin to droop and deform, particularly if under load, 

as it approaches 60°C. 

Biodegradability of PLA is regularly used for the 

production of food related items, however confirmation by 

the filament manufacturer that it is safe to do so is 

recommended. Density: 1.210 – 1.40 g*cm^-3. Melting 

point: 150 – 160 c°. 

Process: Fused Deposition Modeling (FDM). FDM 

printers use a thermoplastic filament, which is heated to its 

melting point and then extruded, layer by layer, to create a 

three-dimensional object. 

Objects created with an FDM printer start out as 

computer-aided design (CAD) files. Before an object can be 

printed, its CAD file must be converted to usually. STL 

format. 

During printing, these materials take the form of 

plastic threads, or filaments, which are unwound from a coil 

and fed through an extrusion nozzle. The nozzle melts the 

filaments and extrudes them onto a base. Both the nozzle and 

the base are controlled by a computer that translates into X, 

Y and Z coordinates 

This thin layer of plastic cools and hardens, 

immediately binding to the layer beneath it. Once a layer is 

completed, the base is lowered — usually by about one-

sixteenth of an inch — to make room for the next layer of 

plastic. 

 
Fig. 5: 3-D Printed Rectangular Wing. 

 
Fig. 6: 3-D Printed Trapezoidal Wing. 

III. WIND TUNNEL ANALYSIS 

Testing of the aircraft Wings in the wind tunnel under the 

specifications of the wind tunnel. Analysis of Lift force, Drag 

force along with Pressure Distribution on the different points 

on the lower and upper surfaces of the aircraft wing. 

 
Fig. 7: Wind tunnel 

Wind Tunnel (WT) is used for both university 

affiliated research. The WT is an open circuit tunnel with a 

300 x 300 mm closed test section. A 7.5 horsepower motor 

with 1500 rpm speed produces a maximum velocity of 3-30 

m/s through the test section. Turbulence levels have been 

determined to be < 0.1% throughout the velocity range. A 

pyramidal balance measures all six force and moment 

components over a wide range of angle of attack and angle of 

yaw. 

 
Fig. 8: Rectangular wing installation for measuring pressure 

distribution. 
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Fig. 9; Installation of Rectangular wing for measuring Lift 

and Drag forces. 

 
Fig. 10: Installation of Trapezoidal wing for measuring Lift 

and Drag forces. 

 
Fig. 11: Trapezoidal wing installation for measuring 

pressure distribution. 

Measuring of the Lift and Drag forces from the wind 

flown over the aircraft wing to get the necessary pressure over 

the surfaces with Lift and Drag forces acting perpendicular 

and parallel respectively.  

IV. CFD ANALYSIS USING STARCCM+ SOFTWARE      

CFD analysis of the aircraft wing considering the factors and 

specifications as per the wind tunnel analysis. Software to be 

used for analysis refers to STAR CCM+ where CFD analysis 

over aircraft wing done with the ease in the procedure. 

A. Brief of Star CCM+  

In 2004, CD-adapco opted to shift their attention from 

improving STAR-CD to completely rewriting 

their computational fluid dynamics (CFD) algorithms and 

tools. The company gambled that in the end, starting from a 

"blank slate" with a group of experts would produce a better 

result than continuing to work improvements into their old 

products in early 2004, the company introduced this new 

product, STAR-CCM+, the "CCM" standing for 

"computational continuum mechanics". The application 

employs a client-server architecture, to allow users to solve 

problems from a lightweight computer, such as a laptop, 

while the computationally expensive math is done on a 

remote machine. This substantially reduces the need for 

expensive desktop computers—a requirement of some other 

similar packages. 

Even in periods of major economic downturn, few 

customers cut back on annual licenses.  CD-adapco has 

speculated that their product's success has been partially 

because their application was designed from the start to 

simultaneously solve fluid flow and heat transfer problems. 

Competing products often consist of separate solvers coupled 

together, which requires that both be kept in agreement; a 

time-consuming complication that degrades accuracy.  

B.  CFD Procedure 

 With importing the Geometry created in SOLIDWORKS 

software in the STAR CCM+ software which is the foremost 

procedure to set up the specification. Following it with 

creating the section of 300 x 300mm as per wind tunnel 

section. 

 
Fig. 12: Creating the section of 300 x 300mm as per wind 

tunnel section. 

V. MESHING OF THE AIRCRAFT WINGS               

Meshing of the aircraft wing geometry into very small 

particles. Geometry converted into the finite elements in 

order to get the accurate results over the flow of wind over 

the wing.  

Polyhedral shaped meshing is done over the wing 

dividing the whole aircraft wing into minute particles of 

polyhedral shape. Creating over 18,53,437-minute particles 

of polyhedral shape. 

 
Fig. 13: Polyhedral meshing. 

https://en.wikipedia.org/wiki/Computational_fluid_dynamics
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A. Boundary Conditions 

Specifying the Boundary conditions as per the procedure, 

including inlet as velocity inlet and outlet as pressure outlet. 

With specifying right side as symmetrical and left side as 

infinite sides. Also with top and bottom of the section both 

specified as symmetrical. 

 
Fig. 14: Specifying inlet as velocity inlet of the section. 

 
Fig. 15: Specifying outlet as pressure outlet of the section. 

VI. CALCULATIONS 

To figure out the Lift co-efficient and Drag co-efficient from 

the Lift and Drag forces measured in N(Newton). Lift co-

efficient and Drag co-efficient are unit less terms of measure. 

Co-efficient of Lift:  &       Co-efficient of Drag:                  

Cl = 2L/ ρ V2 A  &  Cd = 2D/ ρ V2 A  

Where,  

Cl= co-efficient of Lift  

Cd= co-efficient of Drag  

L= Lift 

D= Drag 

ρ = density (1.225 kg/ m3) 

A= area 

V= velocity                                                                                                              

VII. RESULTS & ANALYSIS       

Results include the following data regarding the objective to 

generate the maximum Lift at a specific angle for specified 

shaped aircraft wing, which follows by the results of the 

pressure distribution over the airfoil measured in wind tunnel 

and STAR CCM+ software with this Lift co-efficient and 

Drag co-efficient analyzed same as pressure distribution. 

 
Fig. 16: Pressure distribution analyzed in wind tunnel (here: 

shown for 17° AoA for Rectangular wing) 

 
Fig. 17: Pressure distribution in STAR CCM+ software      

(here: at 17° AoA in Rectangular wing) 

After iterations up to 1000 at every angle of attack 

for both the aircraft wing in STAR CCM+ software, it can be 

analyzed for the lift and drag co-efficient. 

 
Fig. 18: Lift co-efficient graph (stable) after 650 iterations in 

STAR CCM+ software. 
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Fig. 19: Drag co-efficient graph (stable) after 650 iterations 

in STAR CCM+ software. 

 
Fig. 20: Pressure distribution at AoA 15° 

 
Fig. 21: Experimental results for Rectangular wing to 

measure Lift co-efficient. 

 
Fig. 21: CFD results to measure Lift co-efficient for 

Rectangular wing. 

 
Fig. 22: Lift- coefficient results for Trapezoidal wing. 

VIII. CONCLUSION 

 With the results analyzed above it can be inferred from the 

graphs that Rectangular wing having its maximum lift 

generation at the angle of 17° followed by the same in CFD 

analysis. Latter with Trapezoidal wing having maximum lift 

at the angle of 19° followed by CFD results as well. 
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