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Abstract— A NACA 6-series Laminar flow airfoil, which at 
present is the most widely preferred choice on all modern high 
subsonic and transonic commercial passenger aircrafts has 
been taken for our study. The flow of air over the straight wing 
and swept back wings designed using the chosen airfoil cross 
section is simulated computationally with the CFD tool 
FLUENT. The wing, initially kept at zero sweep back angle, is 
analyzed at different Mach numbers ranging from 0.6 to 1.2 
and the values of CL and CD are calculated. The same wing is 
then analyzed at five different sweep back angles via, 25º, 30º, 
35º, 40º, 45º at various Mach numbers ranging from 0.6 to 1.2, 
and the values of CL and CD are calculated. The comparison 
made between the straight and swept back wings clearly 
depicts that there is a remarkable reduction of drag coefficient. 
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I. INTRODUCTION 

omputational Fluid Dynamics (CFD) is a computer-

based tool for simulating the behavior of systems 

involving fluid flow, heat transfer, and other related 

physical processes. It works by solving the equations of 

fluid flow (in a special form) over a region of interest, with 

specified (known) conditions on the boundary of that 

region. Generally CFD has three main stages as follows 

preprocessing, solving, post processing. 

A. Gambit Model 
The Airfoil model was created by using 

coordinates of NACA-6 series. Then this model is fulfilled 
by making it solid surfaces. Then the boundary conditions 
and mesh conditions were given. Finally the meshed 
GAMBIT Airfoil model was generated as shown in the 
following Figures. 

 

Fig 1 Gambit Model of Air Foil Structure 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 

 
Fig 2 Gambit Model with Meshed Condition For Air Foil Wing Structure 

 

 
 

II. AIRFOIL SELECTION 
 

The airfoil selected for the paper is NACA 653218. 

All this NACA six series airfoils show the qualitative 

information. Wind tunnel and flight test of the section 

showed that the extensive laminar boundary layers could be 

maintained at comparatively large values of the Reynolds 

number if the wing surfaces were sufficiently fair and 

smooth. These tests also provided qualitative information on 

the effects of the magnitude of the favorable pressure 

gradient, leading edge radius, and other shape variables. The 

data also showed that separation of the turbulent boundary 

layer over of the section, especially with rough surfaces, 

limited the extent laminar layer for which wings should be 

designed the wing sections of these early families generally 

showed relatively low maximum lift coefficient and in 

many cases, where designed for a greater extent of laminar 

flow than is practical. 

 
A. Wing Specification 

 The root chord of the wing = 121mm 

 The span of the wing = 1320mm 

 Semi span = 660mm 

 Area of the wing semi span = 79860mm
2
 

 Aspect ratio = 5.45 
 

Fig 3 Wing Layout 
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B. Fluent Analysis 

 

Fluent analyses were carried out for the 

conventional wing for the Mach number 0.9 and the 

following graph was obtained. From the graph we can 

identify the stable point. 

 
Fig 4 Convergence of Drag Coefficient Value (Cd) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 5 Convergence Of Lift Coefficient Value (Cl) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C. Effect Of Sweep Back Angle ‘Λ’ On Wave Drag 

Coefficient 

The major effect of wing sweep is to reduce the wave 

drag coefficient CD. This effect has been practically 

verified and proved by our CFD results, which has been 

shown in both tabular form and graphical form for 

better and easier interpretation of the result. From Table 

1, it can be seen that at all Mach numbers the CD values 

gradually decrease with increasing sweep angle from 

25º to 45º. Moreover the percentage of this reduction is 

higher at Mach numbers 0.7, 0.8 and 0.9. Since the 

target cruise Mach number for most of today‟s 

transonic commercial aircrafts is 0.9, the corresponding 

data has been highlighted. Moreover it is observed that 

the percentage reduction in CD is maximum at M∞=0.9. 
 

Table 1 
CD VALUES FOR DIFFERENT SWEEP ANGLES (Λ) 

 

 

 

III. OPTIMIZATION OF THE SWEEP BACK ANGLE 
 

The prime motive of our paper is to optimize the 

sweep back angle taking into consideration the most 

important aerodynamic parameters CD and CL of the wing. 

The principle of swept back wings clearly 

highlights the most important aspect of such wings, that is, 

they increase the critical Mach number, drag divergence 

Mach number. A culmination of all these beneficial changes 

is to reduce the „CD‟ drag coefficient. To be more specific it 

reduces the wave drag coefficient. In other words, sweeping 

the wing has nothing to do with reducing drag due to lift or 

the profile drag. At low subsonic Mach numbers such as 

those experienced during takeoff, landing, Climb and 

descent, the effect of shock wave drag is almost negligible, 

which indirectly means that sweep back angle stays inactive 

during all such low speed flying period. 

 Following the usual axiom that “we cannot get 

something for nothing,” for subsonic flight, increasing the 

wing sweep reduces the lift. Hence, although wing sweep is 

beneficial in terms of increasing the drag divergence Mach 

number, it serves to decrease CL. While increasing the 

sweep angle, the reduction of CL at low Mach numbers must 

be carefully observed. This is because, during low subsonic 

phases of flight such as takeoff, landing, climb and descent 

very high values of CL is a must. But the value of CL will be 

lower for a swept back wing compared to a straight wing at 

such low Mach numbers. Hence the maximum possible 

sweep back angle, though beneficial in reducing drag at 

transonic Mach numbers, cannot be used because of the 

dangerously high reduction in CL values at low subsonic 

Mach numbers. 

Thus an optimum sweep back angle, which would 

best fulfill the requirements of both transonic and low 

subsonic region, has to be chosen. 

 

A. Choosing an Optimum Sweep Back Angle 

At this stage of our discussion we have in hand the 

results for five wings with different sweep angles along with 

the results of the original straight wing. The first step in 

M =0º =25º =30º =35º =40º =45º 

0.5 0.064573 0.053266 0.051609 0.044781 0.043216 0.034387 

0.6 0.074657 0.059693 0.054732 0.048860 0.043390 0.036619 

0.7 0.092751 0.077326 0.063114 0.055230 0.048097 0.039852 

0.8 0.127270 0.089033 0.082613 0.065815 0.055476 0.044769 

0.9 0.172850 0.118280 0.101120 0.083107 0.067473 0.052637 

1.0 0.189480 0.131850 0.122870 0.101350 0.082861 0.062307 

1.1 0.189560 0.149030 0.134400 0.114830 0.093847 0.073470 

1.2 0.184650 0.151620 0.136600 0.112380 0.100640 0.079285 
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choosing the best wing configuration among these five 

wings is to compare their results with that of the original 

wing. The following table shows the % drop in CL value for 

five different sweep back angles at M∞=0.5. The percentage 

drop in CL is being calculated at M∞=0.5, since this would 

serve as a good approximation for the drop in CL values at 

low subsonic Mach numbers during takeoff, landing, climb 

and descent 
 

Table 2 

Percentage Drop in Cl at M∞=0.5 For Various Sweep Back 

Angles 

Sweep back 

angle ‘Λ’ 

Percentage drop in CL 

25o 26.13 

30o 32.97 

35 o 37.00 

40 o 50.96 

45 o 58.92 

 

 

The second step in optimizing the wing sweep back 

angle is to calculate the percentage drop in CD values at 

M∞=0.9.The decrease in CD value is calculated at this Mach 

number since this has been considered to be our target 

cruising Mach number. 
 

Table 3 
PERCENTAGE DROP IN CD AT M∞=0.9 FOR VARIOUS SWEEP BACK ANGLES 

 

Sweep back 

angle ‘Λ’ 
Percentage drop in CD 

25o 31.57 

30o 41.49 

35 o 51.92 

40 o 60.96 

45 o 69.54 

 

It is obvious that the best wing configuration, that 

is the one with optimum wing sweep back angle, should 

exhibit the minimum percentage drop in CL value at 

subsonic flight, in our case M∞=0.5, and the maximum 

percentage drop in CD value at transonic or high subsonic 

flight, that is at M∞=0.9. 

In order to find out such an optimum wing, let us 

introduce the optimization factor, defined as follows: 
Optimization factor = (Percentage drop in CD at 

M∞=0.9)-(Percentage drop in CL at M∞=0.5) 

 

Using the above formula, the value of optimization factor 

for the five different wings has been calculated, and the 

result has been shown in the following table. 
Table 4 

Optimum Sweep Angle 

 
Sweep back angle 

„Λ‟ 

Percentage 

drop in CL 

Percentage 

drop in CD 

Optimization 

factor 

25o 26.13 31.57 5.44 

30o 32.97 41.49 8.52 

35 o 37.00 51.92 14.92 

40 o 50.96 60.96 10 

45 o 58.92 69.54 10.62 

Thus the above table clearly highlights that, among 

the five different swept back wings taken for our analysis, 

the one with sweep back angle „ =35º‟, is the best wing for a 

high speed commercial aircraft. 

 
 

IV. CONCLUSION 
 

We began this paper with the aim of providing an 

effective solution to the problem of optimizing the wing‟s 

sweep back angle, which could possibly be employed in a 

high speed commercial aircraft, taking into consideration its 

effect on two contradictory and yet important phases of 

flight and low speed flight such as takeoff and landing. We 

have designed six wings with sweep angle „ ‟=0º, 25º, 30º, 

35º, 40º, 45º, of which the one with „0º‟ sweep is obviously 

a straight wing that has to be replaced with the best out of 

the remaining five. The compressible flow over these six 

wings were simulated using the CFD tool FLUENT, and the 

important data such as CD, CL values were collected at 

different Mach numbers from 0.5 to 1.2. The challenge 

before us was to find out an optimum angle, which would 

provide the highest possible reduction in wave drag at 

M∞=0.9 and the lowest possible reduction in CL at M∞=0.5. 

With this in mind, we have introduced an optimization 

factor, with the help of which we finally arrived at our 

solution as 35º angle. That is, we have found out that the 35º 

swept wing would be the most efficient choice for a high 

speed aircraft, because this wing minimizes fuel 

consumption by remarkably reducing wave drag during 

flight thus reducing the cost of flight and increasing the 

range of aircraft, at the same time, it ensures a safe take-off 

and a smooth landing. The results obtained from CFD tool 

FLUENT can serve as a guide for future experimental 

works to be carried out in this area of research. 
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