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Effects of winglet addition on near-tip flow field
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A large-eddy simulation is performed for the investigation of vortex flow structure around the wing tip of a rectangular

wing planform, where the effect of a winglet shape on aerodynamic characteristics such as lift coefficient and induced

drag coefficient is examined. The lift coefficient becomes larger with the addition of a winglet shape because the

pressure difference between the upper and lower surfaces around the wing tip region is maintained according to the

suppression of a wing tip vortex. The induced drag coefficient is expectedly reduced with the addition of a winglet

shape through the strength reduction of wing tip vortex. Two vortices are uniquely generated with the winglet shape,

while a large single vortex is generated for the wing with no winglet shape.
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Fig. 1 Drag decomposition in aircraft.
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Table. 1 Specifications of wing

NACAO0015
Aspect Ratio 6.6
Chord Length | 0.51816 m (20.4 in)
Span 3.41m(134.16 in)
Thickness 15%
Taper Ratio 1
Geometric Twist 0°
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Table. 2 Total cell number of each grid

Coarse Grid 31,016,738
Medium Grid 42,099,223
Fine Grid 64,724,285
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Fig. 2(b) Computational grid in an airfoil section
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Fig. 3 Geometry deformation of wingtip

Table. 3 Numerical conditions

CFD Software
Frontflow/red Aerov31 | LES/Standard Smagorinsky Model (Cs=0.15)
Numerical Methods
) 2nd order central scheme (95%)
Scheme Comparison
1st order upwind scheme (5%)
Time Integral Method Euler Tmplicit Method
Simulation Setup
Time Tncrement 2.0x10% s
Flow Assumption Incompressible
Inlet Conditions
Trlet Velocity 46.0m's (1656 km'h)
Demsity 1.225 kgim’
Viscosity 195%10° Pa+ s
Reynolds Number 15x10°
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Fig. 4 The measurement sections of surface pressure coefficient
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Fig. 5(a) Comparison of pressure coefficient at z/b =0.238
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Fig. 5(b) Comparison of pressure coefficient at zb =0.974
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Fig. 6 Four sections where induced drag coeficient is estimated
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Fig. 7 Comparison of induced drag coefficient by Eq. (4)
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Fig. 10(a) Comparison of pressure coefficient at zb =0.238
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Fig. 14 Vector contour of velocity magnitude (with winglet)
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