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Abstract— Continuous pressure to achieve reductions in 

direct operating cost (D.O.C.) combined with ever tightening 

environmental constraints has left aircraft designer with little 

option but to explore the possibilities offered by more novel 

configurations. The constant need to improve aerodynamic 

efficiency of an aircraft is one of the challenges in the 

aerospace field. This lead to the invention of various 

technologies like wingtip devices (called winglets), Blended-

wing Body Aircraft (BWB), etc. The thorough study of 

present designs of Aircraft body for air flow velocity, induced 

drag lift & inventions like; Winglets & Blended-Wing Body 

aircraft, for design errors or to look for improvement that 

affects the efficiency. The blended-wing body is an aircraft 

configuration that has the potential to be more efficient than 

conventional large transport aircraft configurations with the 

same capability. However, the design of the blended-wing is 

challenging due to the tight coupling between aerodynamic 

performance, trim, and stability. Other design challenges 

include the nature and number of the design variables 

involved, and the transonic ow conditions. To address these 

issues, we perform a series of aerodynamic shape 

modification studies using Reynolds-averaged Naiver Stokes 

computational fluid dynamics with a turbulence model. A 

gradient-based modification is used in conjunction with a 

discrete adjoin method that computes the derivatives of the 

aerodynamic forces. A total of design variables angle of 

attack, air foil shape, chord, and span, structural load, 

dynamic loading |are considered. The drag coefficient at the 

cruise condition is minimized subject to lift, trim, static 

margin, and Centre plane bending moment constraints. The 

studies investigate the impact of the various constraints and 

design variables on optimized blended-wing-body 

configurations. The lowest drag among the trimmed and 

stable configurations is obtained by enforcing a 1% static 

margin constraint, resulting in a nearly elliptical span wise lift 

distribution. Trim and static stability are investigated at both 

on- and design flight conditions. The single-point designs are 

relatively robust to the flight conditions, but further 

robustness is achieved through a multi-point modification. 

The result of the study will be applied & the modelling of the 

improved design will be done & this design will be verified 

by analysis both with Static & Dynamic Simulation. Final 

results will provide the new improved design aspects for 

efficiency improvement. 
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I. INTRODUCTION 

Aircraft preliminary design – the second step in design 

process – was introduced. Three parameters were determined 

during preliminary design, namely: aircraft maximum take-

off weight (WTO); engine power (P), or engine thrust (T); 

and wing reference area (Serf). The third step in the design 

process is the detail design. During detail design, major 

aircraft components such as wing, fuselage, horizontal tail, 

vertical tail, propulsion system, landing gear and control 

surfaces are designed one-by-one. Each aircraft component is 

designed as an individual entity at this step, but in later design 

steps, they are integrated as one system – aircraft- and their 

interactions are considered. 

During the wing design process, eighteen parameters must be 

determined. They are as follows:  

1) Wing reference (or planforms) area (SW or S)  

2) Number of the wings  

3) Vertical position relative to the fuselage (high, mid, or 

low wing)  

4) Horizontal position relative to the fuselage  

5) Cross section (or airfoil)  

6) Aspect ratio (AR)  

7) Taper ratio  

8) Tip chord (Ct)  

9) Root chord (Cr)  

10) Mean Aerodynamic Chord (MAC or C)  

11) Span (b)  

12) Twist angle (or washout)  

13) Sweep angle  

14) Dihedral angle 

15) Incidence (iw) (or setting angle)  

16) High lifting devices such as flap  

17) Aileron  

18) Other wing accessories  

Of the above long list, only the first one (i.e. 

planform area) has been calculated so far (during the 

preliminary design step). In this chapter, the approach to 

calculate or select other 17 wing parameters is examined. The 

aileron design (item 17) is a rich topic in wing design process 

and has a variety of design requirements. It is devoted to the 

control surfaces design and aileron design technique (as one 

control surface) will be presented in that chapter. Horizontal 

wing position relative to the fuselage will be discussed later 

in chapter 7, when the fuselage and tail have been designed. 

Thus, the wing design begins with one known variable (S), 

and considering all design requirements, the other 17 wing 

parameters are obtained. The wing must produce sufficient 

lift while generate minimum drag, and minimum pitching 

moment. These design goals must be collectively satisfied 

throughout all flight operations and missions. There are other 

wing parameters that could be added to this list such as wing 

tip, winglet, engine installation, fairing, vortex generator, and 

wing structural considerations. Wing tip, winglet, fairing, and 

vortex generator. The topic of wing structural considerations 

is beyond the scope of this text. Figure illustrates the 

flowchart of wing design. 
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II. LITERATURE SURVEY 

A. Determination of Flight Stability Coefficients Using A 

Finite Element CFD, Charles R. O’Neill, Mechanical And 

Aerospace Engineering, Oklahoma State University 

Stillwater, OK 74077: 

Abstract 

A 3D finite element Euler CFD is used to determine 

forces and moments acting on a low speed aircraft. STARS 

determines pressures acting on a surface. The surface 

pressures are integrated to yield forces and moments. Results 

are compared with static stability theory. Problems with low 

speed analysis with Euler solvers are discussed. 

B. An Analysis of Using CFD in Conceptual Aircraft 

Design, By Daniel J. Mccormick, Committee Char: Arvid 

Myklebust Mechanical Engineering: 

ABSTRACT 

The evaluation of how Computational Fluid 

Dynamics (CFD) package may be incorporated into a 

conceptual design method is performed. The repeatability of 

the CFD solution as well as the accuracy of the calculated 

aerodynamic coefficients and pressure distributions was also 

evaluated on two different wing-body models. The overall 

run times of three different mesh densities was also evaluated 

to investigate if the mesh density could be reduced enough so 

that the computational stage of the CFD cycle may become 

affordable to use in the conceptual design stage. A far field 

method was derived and used in this analysis to calculate the 

lift and drag coefficients. The CFD solutions were also 

compared with two methods currently used in conceptual 

design - the vortex lattice based program Vorview and 

ACSYNT. The unstructured Euler based CFD package 

FELISA was used in this study. 

C. Aerodynamic Modelling Using Computational Fluid 

Dynamics and Sensitivity Equations, Eugene Cliff, Bernard 

Grossman, Frederick Lutze, April 10, 2000, Blacksburg, 

Virginia: 

Abstract 

A mathematical model for the determination of the 

aerodynamic forces acting on an aircraft is presented. The 

mathematical model is based on the generalization of the idea 

of aerodynamically steady motions. One important use of 

these results is the determination of steady (time-invariant) 

aerodynamic forces and moments. Such aerodynamic forces 

can be determined using computer simulation by determining 

numerically the associated steady flows around the aircraft 

when it is moving along such generalized steady trajectories. 

III. AIRFOIL SECTION 

This section is devoted to the process to determine airfoil 

section for a wing. It is appropriate to claim that the airfoil 

section is the second most important wing parameter; after 

wing platform area. The airfoil section is responsible for the 

generation of the optimum pressure distribution on the top 

and bottom surfaces of the wing such that the required lift is 

created with the lowest aerodynamic cost (i.e. drag and 

pitching moment). Although every aircraft designer has some 

basic knowledge of aerodynamics and the basics of airfoils; 

but to have a uniform starting point, the concept of airfoil and 

its governing equations will be reviewed. The section begins 

with a discussion on airfoil selection or airfoil design. Then 

basics of airfoil, airfoil parameters, and most important factor 

on airfoil section will be presented. A review of NACA4 – 

the predecessor of the present NASA5- airfoils will be 

presented later, since the focus in this section is on the airfoil 

selection. The criteria for airfoil selection will be introduced 

and finally the procedure to select the best airfoil is 

introduced. The section will be ended with a fully solved 

example to select an airfoil for a candidate wing.  

IV. AIRFOIL DESIGN OR AIRFOIL SELECTION 

The primary function of the wing is to generate lift force. This 

will be generated by a special wing cross section called 

airfoil. Wing is a three dimensional component, while the 

airfoil is two dimensional section. Because of the airfoil 

section, two other outputs of the airfoil, and consequently the 

wing, are drag and pitching moment. The wing may have a 

constant or a non-constant cross-section across the wing. This 

topic will be discussed in section 5.9.  

There are two ways to determine the wing airfoil 

section:  

1) Airfoil design  

2) Airfoil selection  

          The design of the airfoil is a complex and time 

consuming process and needs expertise in fundamentals of 

aerodynamics at graduate level. Since the airfoil needs to be 

verified by testing it in a wind tunnel, it is expensive too. 

Large aircraft production companies such as Boeing and 

Airbus have sufficient human experts (aerodynamicists) and 

budget to design their own airfoil for every aircraft, but small 

aircraft companies, experimental aircraft producers and 

homebuilt manufacturers do not afford to design their airfoils. 

Instead they select the best airfoils among the current 

available airfoils that are found in several books or websites.  

           A regular flight operation consists of take-off, climb, 

cruise, turn, maneuverer, descent, approach and landing. 

Basically, the airfoil’s optimum function is in cruise, that an 

aircraft spend much of its flight time in this flight phase. At a 

cruising flight, lift (L) is equal to aircraft weight (W), and 

drag (D) is equal to engine thrust (T). Thus the wing must 

produce sufficient lift coefficient, while drag coefficient must 

be minimum. Both of these coefficients are mainly coming 

from airfoil section. Thus two governing equations for a 

cruising flight are:  

 
           The equation is for an aircraft with jet engine, but 

equation is for an aircraft with prop-driven engine. The 

variable “n” ranges between 0.6 to 0.9. It means that only a 

partial engine throttle is used in a cruising flight and 

maximum engine power or engine thrust is not employed. 

The exact value for “n” will be determined in later design 

steps. For the airfoil initial design, it is suggested to use 0.75. 
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The maximum engine power or engine thrust is only used 

during take-off or when cruising with maximum speed. Since 

a major criterion for airfoil design is to satisfy cruising flight 

requirements, equations 1 through 3 are used in airfoil design 

as explained later in this section. In the following section, the 

wing airfoil selection procedure is described. 

V. CALCULATIONS 

A.  Lift: 

Lift was defined earlier as the component of the net force (due 

to viscous and pressure forces) that is perpendicular to the 

flow direction, and the lift coefficient was expressed as 

 

 
Fig. 1: Definition of various terms associated with an airfoil. 

Where A in this case is normally the planform area, 

which is the area that would be seen by a person looking at 

the body from above in a direction normal to the body, 

V is the upstream velocity of the fluid (or, 

equivalently, the velocity of a flying body in a quiescent 

fluid). 

For an airfoil of width (or span) b and chord length 

c (the length between the leading and trailing edges), the 

planform area is A # bc. The distance between the two ends 

of a wing or airfoil is called the wingspan or just the span. For 

an aircraft, the wingspan is taken to be the total distance 

between the tips of the two wings, which includes the width 

of the fuselage between the wings.  

           The average lift per unit planform area FL/A is called 

the wing loading, which is simply the ratio of the weight of 

the aircraft to the planform area of the wings (since lift equals 

the weight during flying at constant altitude). Airplane flight 

is based on lift, and thus developing a better understanding of 

lift as well as improving the lift characteristics of bodies have 

been the focus of numerous studies. Our emphasis in this 

section is on devices such as airfoils that are specifically 

designed to generate lift while keeping the drag at a 

minimum. But it should be kept in mind that some devices 

such as the spoilers and inverted airfoils on racing cars are 

designed for the opposite purpose of avoiding lift or even 

generating negative lift to improve traction and control (some 

early cars actually “took off” at high speeds as a result of the 

lift produced, which alerted the engineers to come up with 

ways to reduce lift in their design). 

VI. GEOMETRY OF ORIGINAL SHAPE 

 
Fig. 2: 3d Model of Airbus 380 

 
 

Fig. 4: Detailing Of Wing 

 
Fig. 5: Airfoil Section of Wing 
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Fig. 6: DETAILING OF AIRFOIL SECTION 

VII. CFD ANALYSIS 

The study of performance, stability, and control of a flying 

vehicle is a challenging problem. It held around the aircraft is 

governed by nonlinear partial deferential equations, and so 

the interaction analyses between resulting forces and 

moments and aircraft attitude and velocity is highly complex. 

The fast technical evolution in the computer manufacturing, 

supplies everyday faster processors and wider memory 

quantities. These calculating tools can be employed for the 

study on highly computational demanding problems. The 

resolution of a generic uid dynamic problem can be 

considered one of them. The motion of substances is 

described by the Navier-Stokes equations, named after 

Claude Louis Navier and George Gabriel Stokes. 

VIII. ORIGINAL SHAPE ANALYSIS USING CFD 

 
Fig. 7: boundary condition 

 
Fig. 8: Graph of CL 

IX. CHANGED SHAPES’ OF AIRFOIL 

 
Fig. 9: Meshing 

 
Fig. 10: Graph of CL 

X. NEW SHAPE OF WING 

 
Fig. 11: New Shape of Wing 

 
Fig. 12: New Design of Wing with Engines 
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XI. RESULTS AND DISCUSSION 

A. On The Basis Of Shape Changed: 

Shape of blade Coefficient of lift CL 

Original shape 1.026 

Shape change 1.976 

Analysis using ICEM 3.316 

Table 1: 

After comparing the results of original shaped and 

modified shaped we find that the coefficient value of lift is 

increased, therefore lift force also increases. After making 

fine mesh in ICEM software we also done CFD analysis, the 

results which are getting is so effective because by using 

ICEM the meshing quality is highly improved, number of 

equations are also increases, processing or calculating time 

increases but results accuracy increases. 

B. On The Basis Of Angle Of Attack: 

ANGLE OF 

ATTACK 

Coefficient of lift 

CL 

For original shape   

0 degree 0.7414 

5 degree 1.134 

10 degree 1.324 

Shape changed  

0 degree 0.821 

5 degree 1.9336 

10 degree 1.124 

Table 2: 

Angle of attack is one of the important parameter 

while designing airfoil. For airplane with increase in angle of 

attack the coefficient of lift must be increased. Here first take 

original shape and change in angle of attack and after 

changing shape of wing, getting improved result in terms of 

coefficient of lift. 

XII. CONCLUSIONS 

The models are means for the men gleaning of the reality. 

Every discipline tries to figure out different aspects of it, and 

to make them understandable with the intellect. Human 

ambition is to create enough accurate models to be able to 

predict their characteristics. Science deals with the 

understanding of the cause consequence relation. Art can be 

then denied as science when the beauty research is rational. 

The most known physical model evolution is the step from 

the Galilean to the Einstein special relativity. Both the models 

are attempts of capturing the reality, translating them in a 

rational language. The validity of the models is validated with 

the scientific process, and they are overtaken only when more 

general models becomes available. About the computational 

fluid dynamics different models exist. The influence of flows 

around flying objects can be analysed considering only the 

external object surfaces, or a whole part of the atmosphere 

around it. Today scientific progress sees the overtaking of 

viscous over Euler ow models for computational fluid 

dynamic. 

           In the presented work development steps were done in 

these directions. The computerized environment for aircraft 

synthesis and integrated optimization methods is used as 

platform to achieve higher aerodynamic models during the 

conceptual aircraft design. 
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