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Abstract--- This paper describes the study of nacelle characteristics of turbofan engine in terms of drag for 

various flight conditions.  The nacelle cross sectional geometry was selected based on low drag aerofoil available in 

the literature.  This aerofoil section is analyzed for various angles of attack, which are similar to engine nacelle 

inlet conditions.  Analysis was carried out using commercial software tool called “Fluent”. Appropriate boundary 

conditions are used along with suitable convergence criteria to get the drag characteristics.  An optimum grid size 

and an appropriate turbulence model were selected for the analysis by varying grid size and analyzing different 

turbulence model.  From the CFD analysis the drag and pressure recovery characteristics were derived through 

post processing.  As an extension three dimensional sector of the Nacelle (without internal components) was meshed 

and analyzed for two flight conditions.  From the analysis the drag characteristics of the nacelle was derived.  The 

analyzed results show the range of flow angles for which the nacelle could operate satisfactorily. 
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I. INTRODUCTION 

 Nacelle is a streamline enclosure of an engine, which is attached to the aircraft wing through pylon. Nacelles 

are responsible for good engine performance and considerable percentage of total aircraft drag, thus fuel 

consumption [1]. It includes the parts commonly referred to as engine cowling, but a nacelle system encompasses 

other components as well including the inlet cowl, fan cowl,  core cowl and nozzle as shown in Figure 1. The inlet 

cowl is the front lip of the engine housing, fan cowl is the leading lip for guiding mass flow to the engine. Nacelle is 

mainly divided into fore- body, Centre body and after body as shown in Figure 1.  Fore body acts as a fan casing for 

the engine, centre body is where the fan casing of the engine is located.  After body houses cascade thrust revere 

mechanism. The upper surface of the nacelle is same as the suction surface of the aerofoil where as the lower surface 

is having contour to match engine. 

  

Figure 1: Different Parts of Nacelle 

1.1 Nomenclature 

CD      Co-efficient of drag 

CL      Coefficient of lift 

aoa     Angle of Attack 
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PS       Local Static Pressure 

Patm     Local Atmospheric Pressure 

X        Normalizing Length factor (1 Unit) 

C        Camber Length of an Aerofoil 

X/C    Normalized length of an Aerofoil 

LE      Leading edge of an Aerofoil 

TE      Tailing edge of an Aerofoil 

II. 2-D ANALYSIS 

2.1 Boundary Conditions 

The selected aerofoil is NACA 6409. The Aerofoil was selected based on the low drag characteristics. By using 

this Aerofoil 2D mesh is carried out for the selected domain. The meshed domain is shown in the Figure 2.  The 

boundary conditions are  

Pressure far field: Ambient pressure, temperature and flight Mach number are specified. 

Fan inlet: static pressure, temperature, density and mass flow rate are specified. 

  

 Figure 2: Meshed 2- D Domain 

2.2 Selection of Grid Size 

The successful flow simulation of general nacelle configuration depends on the smooth and well distributed grids 

in complete flow field. At the section cut of the nacelle, a C-type grid is produced using GAMBIT.  The grid 

generated is shown in Figure 3. A grid size of 32400 elements was selected for analysis after doing grid sensitivity 

analysis. The CD and CL variation with different number of grid sizes are shown in Figures 4 and 5 respectively.  It 

is observed from this figure that beyond 32400 elements CD and CL values are independent of grid size. 

 

Figure 3: Grids around an Aerofoil Section(C-type) 
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Figure 4: Convergence Criteria for Coefficient of Drag 

 

Figure 5: Convergence Criteria for Co-efficient of Lift 

2.3 Selection of Turbulence Model 

Turbulence is very important in the calculation of drag. Pressure and velocity will have small variations that 

would change to fit the turbulent flow going around any object in a flow stream. The changes have to be as accurate 

as possible to get the proper results.  

Table 1: Different Turbulent Models 

Model Number Model Name 

1 LAMINAR 

2 K-EPSILON 

3 SPALART-ALLAMARUS 

4 REYNOLDS 

5 K-OMEGA 

 

 

Figure 6: Co-efficient of Lift for Different Turbulence Models 
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Different turbulence models would give different results, and each model is suitable for different types of flow 

according to the conditions established. Some important turbulence models used for the present study are listed in 

Table1. The CD and CL values obtained for different turbulence models are shown in Figure-6 and Figure-7.  Since 

the flow is turbulent the first model results are not reliable and not used.  Models 2, 3 and 4 give more or less same 

results in CD and CL. Any one of these could be used for further study.  However k- model was used. The last 

model namely k-omega over predicts drag.  Hence this was not considered. 

 

 

Figure 7: Co-efficient of Drag for Different Turbulence Models 

2.4 2-D Results and Discussions 

 

 Figure 8: Velocity Contour at Sea Level for 0° Angle of Attack 

  

Figure 9: Velocity Contour at Sea Level for 8° Angle of Attack 

The velocity contours are obtained for different angle of attack at sea level (0.3 Mach) as shown in Figures 8 and 

9. The distortion is observed in the flow of the fluid over the surface of the aerofoil as the angle of attack is 

increased. This distortion of flow will lead to change in the flow from laminar to turbulent at location in between LE 

to TE.  The smooth flow is observed around aerofoil at 00 angle of attack in Figure 8 and flow separation is observed 

near the trailing edge on suction side of aerofoil at 80Angle of Attack as shown in Figure 9. As the angle of attack 

increases this will lead to increase in the turbulence and hence increases the drag of system. Same analysis was 

carried out for cruise conditions. The pressure contours at sea level and cruise condition for 00angle of attack are 

shown in Figures 10 and 11. The minimum pressure region is shifted toward trailing edge of the aerofoil on the 

suction side at 00angle of attack for cruise condition as compared to sea level condition. This is mainly because of 

higher velocity the sea level. 
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Figure 10: Pressure Contour for 0°Angle of Attack at Sea Level 

 

 Figure 11: Pressure Contour for 0° Angle of Attack at Cruise Condition 

Normalized graph for static pressure variations along chord length for both upper and lower surfaces of aerofoil 

at sea level (0.3 Mach) condition and cruise condition for different angle of attack are shown in Figure 12. The 

lower curve represents the upper surface of the airfoil. On this surface, surface static pressure is found maximum 

close to the leading edge then decreases suddenly to lower value and again starts rising after 2-3% of chord length 

and gradually increased to atmospheric level at trailing edge.   

 

Figure 12: Ps/Patm vs. X/C for different Angle of Attack at 0.3 Mach 

At cruise condition it is observed that the sudden increase in the pressure after 40% of the chord length for all 

angles of attack except -20 and 00 angles of attack because of the presence of shock wave. When the local Mach 

number becomes appreciably greater than 1, the shock wave becomes strong and the pressure distribution is 

radically altered as seen in Figure 13. Whereas on the pressure surface the local static pressure is found maximum at 

leading edge  and then decreases to lower value but higher than inlet pressure and then becomes almost constant. 

Similar behaviour of pressure distribution on pressure side is observed for other angle of attack also.  The area 

enclosed by the pressure curve represents the lift offered at that particular Angle of Attack. At-20Angle of Attack, 
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there is a crossing over of pressure and suction surface distribution near the leading edge indicating negative lift.  

This crossing point vanishes at 20 Angle of Attack. 

 

Fig 13.Ps/Patm vs. X/C for Different Angle of Attack at 0.7 Mach 

The variation of Mach number over an aerofoil along chord length is shown in Figures 14 and 15 for takeoff and 

cruise conditions for various angles of attack respectively. The sudden decrease in Mach number is observed on the 

suction side of aerofoil corresponding increase in angle of attack after 20 due to the shock.  The co-efficient of lift 

and drag variations with reference to various angles of attack are shown in Figures 16 and 17 respectively. 

 

Figure14: Mach number Variation along Nacelle for Different Angle of Attack at Sea Level Condition  
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 Figure 15: Mach number Variation along Nacelle for Different Angle of Attack at Cruise Condition 

It is observed that the co-efficient of lift (CL) is increased gradually corresponding increase in angle of attack up 

to 80, then the coefficient of lift decreases.  At this location the co-efficient of drag (CD) increases sharply due to 

flow separation. Therefore 80 is considered as the stalling angle for the airfoil. Increasing angle of attack beyond 8 

degrees, drag increases in and the lift decreases. 

  

Figure 16: Coefficient of Drag Curve at 0.3 Mach 
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Figure 17: Coefficient of Lift Curve at 0.3 Mach 

III. 3-D ANALYSIS 

The geometry of the nacelle is axis-symmetric.  It is possible to analyse this geometry by considering the sector 

of the full nacelle.  Hence a 300 sector model was used to create the flow domain[3]. Hexahedral elements were used 

to generate the mesh. The finest cells were provided around to the nacelle surface and the exhaust of the nacelle and 

at core flow as shown in Figure 18. The static pressure variation around the cross sectional view of nacelle is shown 

in Figure 19.  

 

Figure 18: Enlarged View of Meshed Surface of Nacelle 

 

Figure 19: Pressure Contour at Cruise Condition for 00Angle of Attack 
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 Figure 20: Pressure Variation along Nacelle for Different Mach number at Cruise Condition 

 

Figure 21: Mach number Variation along Nacelle for Different Mach number at Cruise Condition 

3-D analysis of Nacelle was carried out at different Angle of Attack at cruise conditions (Mach number = 0.7). 

Converged values of Co-efficient of Drag are taken from FLUENT post-processing tools and their variations are 

shown in Figure 22. It is observed that as angle of attack increases from negative to higher positive values, 

corresponding co-efficient of drag also increases. 

 

Figure 22: Co-efficient of Drag Curve for Different Angle of Attack at Cruise Condition 
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Fig 23.Co-efficient of Drag Curve for Mach number at Cruise Condition 

Analysis was carried out for various cruise conditions as different Mach number in between 0.5 to 0.9. It is 

observed that when Mach number was increased to transonic mach, there was sharp increase in the value of 

coefficient of drag after 0.8 Mach number. The same result was obtained in 2-D case. It can be seen from the Fig 23, 

coefficient of drag is not increased much till 0.8 Mach number. But there is a sudden increase in the coefficient of 

drag can be observed after 0.8 Mach number. 

IV. CONCLUSIONS 

It was shown that 8° angle of attack is the Stall angle for the selected aerofoil NACA 6409.  The pressure 

distributions indicate a negative lift at lower incidence.  The free stream Mach number has large influence on the 

surface pressure distribution.  The drag on the nacelle section sharply increases after stalling incidence. 
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