
IJSRD - International Journal for Scientific Research & Development| Vol. 4, Issue 04, 2016 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 1043 

 Diesign and Anaysis of Variable Camber Wing 
D.SIVAKUMAR1 M.NAVEEN KUMAR2 

1
 Assistant Professor 2 P.G Scholar 

1,2Department of Mechanical Engineering 
1,2Jayalakshmi Institute of Technology, Thoppur

Abstract— Wing is an important component of an aircraft, it 

helps to generate lift and also drag during take -off and 

landing, respectively. Wing`s vital role generating the lift 

above said our attempt to design a wing which has different 

sections i.e the wing is divided into several sections. This will 

increase the lift capacity of n aircraft while take off. We 

designed an airfoil keeping the NACA 2412 as base change 

some feature such as camber location. The wing is divided 

into five different sections. An actuator is used to change 

camber of a wing, and we considering the actuator responding 

99%to change of the camber. A pneumatic actuator is used 

for varying the camber of an airfoil in each section of the 

wing for varying the angle of attack of the designed wing. 

The wing is designed by using an ANSYS& GAMBIT and 

the aerodynamic properties are found graphically by using 

FLUENT software. From the data we used, we aim at 

increasing the performance of an aircraft such as decreasing 

ground roll i.e decreasing take off distance and landing 

distance. 
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I. INTRODUCTION 

A small percentage reduction in the fuel consumption and 

landing distance and take off distance of an airplane can lead 

to major savings in aircraft operational and airport 

construction costs. Many of the aircraft has taken large 

distance to take off and landing so this will reduced take off 

and landing distance. Since the amount of fuel stored in the 

aircraft is limited, lower fuel consumption means greater 

range or endurance in flight. There has been a great deal of 

research focused on achieving this goal. Research on the 

development of variable camber wings using smart materials 

such as Shape Memory Alloys and piezoelectric materials has 

become one of the most significant sources of interest in 

aerospace engineering.   

II. TYPES OF AN AIRFOIL 

There are two types airfoil 

1) Symmetric airfoil 

2) Unsymmetric airfoil  

A. Symmetric Airfoil: 

An airfoil with no camber i.e. the camber line and chord line 

coincident is called symmetric airfoil. 

Example NACA 0012 

B. Unsymmetic Airfoil: 

An airfoil with camber i.e. the camber line and chord line 

have some distance 

Example NACA 2412, NACA 4412. 

III. AIRFOIL NOMENCLATURE 

 
Fig. 1: Airfoil nomenclature 

A.   Mean Camber Line: 

The mean camber line is the locus of points half way between 

upper and lower surface. 

B. Camber Line: 

The camber is the maximum distance between the mean 

camber line and the chord line. The camber determines the 

airfoil thickness. But, more important, the camber determines 

the amount of lift that a wing produces as air flows around it. 

A high speed low airfoil has very little camber.  

C. Chord Line: 

The maximum distance between leading edge to trailing edge 

is called chord line. It is used to determine how much upper 

or lower camber there is and how wide the wing is at any 

point along the wingspan 

D.  Thickness: 

Distance between the upper and lower surface is called 

thickness of an airfoil. 

E. Leading Edge: 

The leading edge of an airfoil is the portion that meets the air 

first. The shape of the leading edge depends upon the function 

of an airfoil. If the airfoils are designed to operate at high 

speed its leading edge will be very sharp, as on most current 

fighter aircraft. If the airfoil is designed to produce a greater 

amount of lift at a relatively low rate of speed and the leading 

edge will be thick and fat. Actually, the supersonic fighter 

aircraft and the light propeller driven aircraft are virtually two 

ends of a spectrum. Most other aircraft lie between these two. 

F. Trailing Edge: 

The trailing edge is the back of an airfoil, the portion at which 

the airflow over the upper surface joins the airflow over the 

lower surface. The design of this portion of the airfoil is just 

as important as the design of the leading edge. This is because 

the air flowing over the upper and lower surfaces of the airfoil 

must be directed to meet with as little turbulence as possible, 

regardless of the position of the airfoil in the air. 
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G. Upper Camber Surface: 

Upper camber refers to the curve of the upper surface of an 

airfoil. 

H. Lower Camber Surface: 

Lower camber refers to the curve of the lower surface of an 

airfoil. 

IV. CAMBER WING DEIGN 

A. Airfoil Design Methods: 

The process of airfoil design proceeds from the boundary 

layer properties and the relation between geometry and 

pressure distribution. Sometimes airfoils are designed low 

drag and producing some amount of lift. In some cases 

airfoils may choose catalogs such as Abbott and von 

Doenhoff’s “Theory of wing sections”, Althaus and 

Wortmann’s stuttgarter Profilkatalog Althaus “low Reynolds 

number Airfoil catalog, or Selig Airfoil at Low Speeds”. 

      Methods for airfoil design can be classified into two 

categories: 

1) Direct design 

2) Inverse design 

1) Direct Methods For Airfoil Design: 

The direct airfoil design method defines the specification of 

section geometry and the calculation of pressure and 

performance. Generally given airfoil shape and then modifies 

the shape to improve the performance. 

Still this type of design has divided two types of sub problems 

 The identification of the measure of performance 

 To approach the changing shape and performance 

improved 

The simplest form of airfoil designs are may 

consider of the relation between coefficient of drag (Cd) Vs 

Angle of Attack, coefficient of lift (CL) Vs Angle of Attack, 

and coefficient of moment Vs Angle of Attack. 

Actually the airfoil works quite well achieving a 

Clmax of almost 1.8 at a Reynolds number of one million. 

The relation between coefficients of drag vs Angle of attack 

like as Lift –drag of the variable camber wing is greater than 

that of the rigid wing at low angle of attack, Angle of Attack 

increases for variable camber wing. The relation of 

coefficient of lift Vs Angle of Attack like as.We can find out 

aircrafts Lift-to-drag ratio from the relation of CL3/2/CD and 

CL1/2/CD. And we can find out our airfoils performances 

from these types of graphs. 

B. Inverse Design of Airfoil: 

This type of design main objective is the target of pressure 

and stress distributions. But some design of an airfoil, the 

coefficient of pressure distribution CP as the main objective. 

This is the basic idea for inverse method. For example 

specified pressure difference on an airfoil in potential is very 

important for thin airfoil theory. This type of design involves 

changing the airfoil shape to improve the chosen airfoil 

performance such as effect of geometry CP changes and 

using shape function to represent the airfoil geometry. 

V. DESIGN OF CAMBER WING: 

The initial inspiration of this wing concept began with the 

desire to change the camber of the wing by deflecting only 

the leading edge and trailing edge portion of the wing without 

having any gap between each portion. Using a three-section 

wing concept, the wing did not provide smooth change during 

cambered configuration, therefore the idea of creating more 

sections out of the wing rib to provide discrete but smooth 

change in camber was introduced. So the wing is divided in 

to five different sections, each rib is located in 5cm distance. 

 
Fig. 2: Camber wing 

 
Fig. 3: Lower camber wing 

 
Fig. 4: Upper camber wing 

Consider the wing skin is used to smart changing 

material used like flexible glass fiber, this allow smooth 

variation of wing. Consider the actuator is used to changing 

the camber wing as shown the above figure. Consider the 

actuator placed in spar of the wing. The actuator change 

variable sections of the ribs are change.  

VI. ANALYSIS THE VARIABLE CAMBER WING 

The measure the aerodynamic property of variable camber 

wing.  The NACA2412 camber wing has been analyzed 

different velocity and different angle of attack0 deg angle of 

attack Contour of Static pressure 2 Deg angle of attack 

dynamic pressures 

 
Fig. 5: Lower Camber Wing 
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Fig. 6: Static pressure 

 
Fig. 7: Dynamic pressure 

VII. RESULT 

A. Upper Camber Wing Lift and Drag Co-Efficient: 

ANGLE OF 

ATTACK 

(deg) 

CO-EFFICIENT 

OF LIFT 

(Cl) 

CO-EFFICIENT 

OF DRAG 

(Cd) 

0 0.43271 0.00197 

2 0.59021 0.04035 

4 0.6722 0.0592 

6 0.75921 0.29347 

Table 1: 

B. Lower Camber Wing Lift and Drag Co-Efficient: 

ANGLE OF 

ATTACK 

(deg) 

LIFT CO 

EFFICIENT 

(CL) 

DRAG  CO 

EFFICIENT 

(CD) 

0 0.01412 0.4832 

2 0.0359 0.4921 

4 0.07198 0.49872 

TABLE 2: 

VIII. AERODYNAMIC ANALYSIS 

The focus of research was to discover the possibility of using 

a variable camber wing concept to improve take off and 

landing distance of aircraft. Therefore, the low speed (less 

than Mach 0.6) aerodynamic was investigated. powered 

aircraft. To calculate  the take off distance we are took  the 

Dassault Falcon7X aircraft specification. We are using the lift 

coefficient and drag coefficient taken calculating from upper 

wing and lower wing respectively 

Sg  =
1

2𝑔𝐾𝑎
ln[cD +ΔcD0+(k1+G/3.14eAR)cl

2 -µr(cl)] 

Sg=4414.132ft 

Sa=Rsin ØOB 

=12715.73*sin425207 

=942.80ft 

A. Total Take Off Distance: 

= Sg +Sa 

=5356.932ft 

B. Landing Distance Calculations: 

Sa  =
50−ℎ𝑓

𝑇𝑎𝑛∅
 

Sa =786.46ft 

Sf= RSinØ 

Sg=NVTD+  
1

2𝑔𝐽
ln(1+JA/JT vTD

2) 

Total landing distance=Sg+Sf+Sa 

=710.17+335.4318+786.46 =1832.06ft 

C. Dessult Falcon 7X Aircraft Take Off Performance: 

Normal take off 

distance 

Using upper camber wing take off 

distance 

5555ft 5356.932ft 

Table 3: 

D. Dessult Falcon 7X Aircraft Landing Performance: 

Normal landing 

distance 

Using lower camber wing landing 

distance 

2070ft 1832.06ft 

Table 4: 

IX. CONCLUSION 

We are considering the multi-section variable camber wing, 

with pneumatic actuators are placed inside and also 

considering the actuator are working 99% efficiently. This 

variable camber wing did not involve complicated actuation 

components or a control system, but effectively provided 

satisfactory changes in wing camber during different flight 

conditions such as take -off and landing. The upper and lower 

camber helps to reduce take off and landing distance. 

X. FUTURE WORK 

There is much that can be done to improve the variable 

camber wing concept. Possible future work for this research 

can be stated as follow: The wing skin was the major cause 

of low performance, especially the increase in drag, therefore 

more research should be done on obtaining better wing skin 

materials. If overcome this problem there are more advantage 

than camber to other type of wing. 
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