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Abstract.

1. Introduction 
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Figure 1
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2. Description of the BWB Case-Study 

2.1 Geometric Properties 
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Table 1. 

Wing Parameter Value Units 

Gross Area ( ) 

Wing reference area ( ) 

Wing span ( ) 

Mean aerodynamic chord ( ) 

Trapezoidal aspect ratio (  ــ ( ـ

Root chord ( ) 

Tip chord ( ) 

Leading edge sweep ( ) 

Thickness to chord ratio ( ) 

Dihedral ( ) 

Figure 2  
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Table 2.  

Parameter  Value Parameter Value 

Airfoil Type t/c ratio 

Root chord Tip chord 

Fin height Sweep (  0) 

Rudder chord ratio Fin taper ratio 

2.2 Mass and Inertia Properties 

Table 3. 

Parameter  BWB (MTOW) BWB (MLW) Unit 

Aircraft mass, m 

Inertia about X axis, Ixx 

Inertia about Y axis, Iyy 

Inertia about Z axis, Izz 

2.3 Spanwise Airfoil Distribution and Aerodynamic Considerations 

the extraction of airfoil data for each 
respective section
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Figure 4   

 
 

 

Figure 3.  
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3. Aerodynamics and Static Stability Analysis  

 

3.1 Airfoils Analysis 
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(a)

(b)

(c)

(d)
Figure 5. 

3.2 Complete Airplane Analysis ( Winglets)
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Figure 6. 

3.3 Complete Airplane Analysis (With Winglets)
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Figure 7. 

4. Sensitivity Analysis of Winglets Design Parameters

4.1 Methodology
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(a) (b)

Figure 8.

4.2 Winglet Parameter Modi ications

4.3 Analysis and Results
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Table 4.  

 
Configuration 

Aerodynamic Parameters Static Stability Parameters 

( )Max. CLα CDMin. Cmo Cmα Cnβ Clβ 

No Winglets 

Baseline Winglets 

span 110% 

span 90% 

Taper Ratio 
110% 

Taper Ratio 90% 

Cant Angle 80ᵒ 

Cant Angle 70ᵒ 

Sweep Angle 
110% 

Sweep Angle 90% 

Toe Angle +10ᵒ 

Toe Angle -10ᵒ 

5. Conclusions and Future Work  

In this study, the mid-fidelity numerical tool XFLR5, which is suitable for preliminary 
aerodynamic and stability assessments, was employed to analyse the aerodynamic and staƟc 
stability characterisƟcs of a case study BWB aircraŌ. This tool was further uƟlized to evaluate 
the impact of winglet design modificaƟons on the aerodynamic performance and staƟc 
stability of the aircraŌ. The analysis confirms that modificaƟons to winglet geometry 
significantly influence aerodynamic efficiency and staƟc stability. Reducing the cant angle 
leads to a higher liŌ-to-drag raƟo, increased liŌ curve slope, and improved longitudinal 
stability, while also contribuƟng to a reducƟon in minimum drag. However, results indicate 
that the lowest overall drag occurs in the absence of winglets, suggesƟng that while winglets 
enhance aerodynamic efficiency, they introduce a minor drag penalty. This finding highlights 
the necessity of an opƟmized winglet configuraƟon to achieve an opƟmal aerodynamic 
balance. 
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 Furthermore, adjustments to the toe angle demonstrate a notable enhancement in 
direcƟonal and roll stability. These findings emphasize the importance of precisely tuning 
winglet cant and toe angles to opƟmize both aerodynamic efficiency and staƟc stability in 
BWB aircraŌ. For future work, a higher-fidelity tool, such as ComputaƟonal Fluid Dynamics 
(CFD), will be employed to more accurately assess the effects of winglet design modificaƟons 
on aerodynamic performance and stability. AddiƟonally, a full dynamic stability analysis will 
be conducted to evaluate the impact of winglet design on aircraŌ dynamic modes, including 
phugoid, short-period, Dutch roll, roll, and spiral modes. These analyses will further refine 
the opƟmizaƟon of BWB winglet configuraƟons for enhanced performance and stability. 
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