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around the wing tip and the edges is made extra dense for higher accuracy.         

   

       (a) Lift coefficient vs. angle of attack                              (b) Drag coefficient vs. angle of attack  

    

(c) Idealized drag polar                                                                        (d) Pitching moment 

Fig 5.2 Drag, lift and Pitching moment curves 

As shown in Fig. 5.2, the drag coefficient of WB model is generally less than that of WBNP with 

nacelle and pylon, while the lift coefficient is higher. Furthermore, the skin friction on nacelle and 

pylon add more drag WBNP compared to WB.  The pylon and nacelle interrupt the flow 

approaching the wing causing the development of a vortex surface at the wing-pylon juncture and 

creating a positive pressure distribution on the lower surface of the wing.  At higher angle of attack 

(especially when  >= 3°), the lift coefficient vs. angle of attack curve appears to have a 

decreasing trend in WB. It seems that the flow separates on the upper surface of the model to 
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decrease the lift at high angle of attack. As shown in Figure 5.2 (d), the ‘blue’ and ‘red’ points are 

simulation results using the SST k-ω and SA model respectively obtained by the author of this 

thesis. Other curves come from the data collected from DPW6. The pitching moments from all 

numerical simulations exhibit a decreasing and increasing trend for AoA=2.75° to 4°. This is due 

to separation near the trailing edge of the wing causing the nose-up pitching moment to decrease, 

which leads to the increase in the total pitching moment. In general, all simulation results are in 

good agreement.  

5.2 Comparison of Drag between WB and WBNP for Ae2.75 

Table 5.1 Geometry information for WB and WBNP  

 

   Cl Cd 

WB 2.59 0.50032 0.026651 

WBNP 2.71 0.50097 0.028536 

Increment% 4.6332 

 

7.0741 

 

The comparison of drag for WB and WBNP is conducted under the same conditions. Here, the lift 

coefficient is limited to Cl=0.5±0.001. Table 5.1 shows the comparison between the lift and drag 

coefficients of WB and WBNP. From Table 5.1 one can clearly see that the increment in angle of 

attack is about 4.6332%, and in drag coefficient is about 7.0741% in WBNP compared to WB for 

the same lift. With nacelle and pylon, it takes more inclination to reach the same level of lift force. 

Figure 5.3 shows the pressure distributions on WB and WBNP.  



 

36 
 

   

(a)                                                                               (b)                                                                                                        

   

(c)                                                                                                   (d) 

   

(e)                                                                                                    (f)       

Fig 5.3 Pressure distribution on various wing sections for WB and WBNP at AOA=2.59° 

As shown in Fig 5.3, by comparing the results of WB with SST k-ω model and WB overset results. 

One can conclude that two sets of computational results match quite well overall. At ETA=0.95, 



 

37 
 

the two results have some difference on the middle part of the upper surface of the wing. The shock 

shapes are not exactly alike.  

By comparing the WB results with SST k-ω model and WBNP results with SST k-ω model, it 

appears that the difference mainly exists at ETA=0.397 and 0.283. These two sections are located 

closest to the nacelle and pylon with respect to Y axis.  With nacelle and pylon, the shape of the 

pressure curve on the lower surface of the wing changes. The point of maximum pressure on the 

upper surface of the wing moves towards the trailing edge when nacelle and pylon are added.  

Another phenomenon that should be noticed is that there is always error at around x/c=0.5 on the 

wing in the pressure distributions from different simulation results for both WBNP and WB 

configurations, which is shown in Fig. 4.2 & Fig. 5.3.  This results due to complex flow pattern 

near the middle part of the wing, where the shock near the leading edge just ends and interacts 

with the boundary layer on the upper surface of the wing. The solution of flow field in these areas 

is sensitive to the grid quality, type of solver and turbulence models. As a result, it is possible that 

the error will always exist at the middle of the wing in different simulation cases; however, the 

errors are within acceptable range.  
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5.3 Separated flow on Wing-Body Configuration at Various 

Angles of Attack using SST k-ω and SA Model 

  

(a) AoA=2.75° (SST)                                                                (b) AoA=2.75° (SA) 

   

(c) AoA=3.00° (SST)                                                                      (d) AoA=3.00° (SA)        

 

    

      (e) AoA=3.50° (SST)                                                                       (f) AoA=3.50° (SA) 
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    (g) AoA=4.00° (SST)                                                                  (h) AoA=4.00° (SA) 

Fig 5.4 Cf,x for Wing-Body configuration for various angles of attack using the SST k-ω and SA model 

Fig. 5.4 shows the wall shear stress in the X axis direction. At AoA=2.75° and 3.00 °, there is 

primarily flow separation from the wing root near the trailing edge (SOB separation). At AoA= 

3.50 ° and 4°, the flow separation appears at the center of the upper surface of the wing, which is 

called the trailing edge separation (TE separation). It grows as angle of attack becomes higher, 

which explains the decrease in lift as the angle of attack becomes larger.  It should be noted that 

the flow separation region computed by the SA model is higher than that computed by the SST     

k-ω model.  

5.4 Conclusions 

In conclusion, the lift and drag coefficients computed using the SST k-ω and SA model are in close 

agreement. When one compares the WBNP ae 2.75 and WB ae 2.75 results, at the same angle of 

attack, the lift force on WB is higher than that on WBNP. The nacelle and pylon in WBN reduce 

the lift.  

The addition of nacelle and pylon leads to increment in drag for the same lift coefficient. To 

achieve the same lift for WB, the WBNP configuration must have a higher angle of attack. When 
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observing the pressure distribution on the wing, one can conclude that the pressure distribution on 

the wing near the nacelle is different in WBNP compared to WB;  the pressure on the lower surface 

of wing changes significantly. At ETA=0.397, the maximum pressure point moves toward the 

center of the wing after nacelle and pylon are added.  

For WB, the skin friction in X axis direction is computed to determine the flow separation region 

on the wing. At AoA=2.75°, the separation is obvious at the wing fuselage juncture. As the angle 

of attack increases, separation begins to appear at the center of the wing. This explains why the 

increase in the angle of attack beyond AOA=3.0° results in decrease in the lift. Also, it can be seen 

from Fig. 5.4 that the separation region computed by the SA model is larger than that computed 

by the SST k-ω model on the WB configuration at the same angle of attack. 
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