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Introduction

Background

Airfoil lift and drag over a wide range of Reynolds number (Re)
are fundamental to wind turbines.

Transition from laminar to turbulent flow in the airfoil boundary
layers affects lift and drag.

There are different types of transition (e.g. natural, by-pass,
wake induced, reversed, separated flow) and modeling them is
not straightforward.

One of the popular transitional models in Computational Fluid
Dynamics (CFD) analysis is the local correlation-based
transitional model called v — Rey which was originally proposed
by Menter et al. (Menter et al., 2004).

The model solves transport equations for the intermittency, +,
and the transition momentum thickness Reynolds number.

Different correlations for calculating the two parameters required
by the v — Rey model.
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Figure: Computational Domain
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Figure: Mesh around the NACA 4415 Airfoil
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Computational Domain and the Mesh

Mesh around the NACA 4415 Airfoil

Figure: Mesh around the Leading
Edge of the NACA 4415 Airfoil

Figure: Mesh around the Trailing
Edge of the NACA 4415 Airfoil
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Details of the OpenFOAM Cases

The steady-state solver called "simpleFoam" is used;
Re = 700,000;

Tu = 0.03%;

Three angles of attack («): -8°, 0° and +8°;

"Gauss linearUpwind" scheme was used for the 5 transport
variables in OpenFOAM.

Lift and drag coefficients are compared with Xfoil (Drela, 1989)
and experimental values available in Miley (1982). These
experimental results were obtained from NACA LTT in 1945 for
2-D situation at turbulence level of 0.03% .

Skin-friction coefficients are only compared with Xfoil results as
experimental results are not available.
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Figure: Convergence of Lift Coefficient at a=-8°
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CFD Analysis of
NACA4415

A TR XFOIL (Nerit = 11
iy = gy Lkt y—RemSST Model (Langtry et al 2009
considering yfRemSST Model (Malan et al 2009) R
Natural Model (Sorensen 2009) &
Transition Y-R Is,ss‘?‘ Voo (Suluksna et al 2009)
eSST Model (Tomac et al 2009)

Introduction

0.005

Computational
Domain and the
Mesh

Details of the
OpenFOAM
Cases

Skin Friction Coefficient (Cy)

Concluding
Remarks

Acknowledgment
References

References

x/c

Figure: Comparison of Wall Shear Stress at a=-8°




Results

Skin-Friction Coefficients

CFD Analysis of

NACA4415
A A XFOIL (Nerit = 11
Y Gy LulzeE y—RemSST Model (Langtry et al 2009,
considering 0.014 J yfRemSST Model (Malan et al 2009) B -
Natural Model (Sorensen 2009) &
i 1 -Re, TS a (Suluksna et al 2009)
o012 L v-ReySST Model (Tomac et al 2009) |
012 by
001 [ 1
Introduction § 0.008 L : 1
Computational 5 i
Domain and the 8 0.006 b
Mesh <
8
Details of the 2 0004 |
OpenFOAM < e
Cases &
@ 0002
Concluding
Remark
emarks ok
Acknowledgment
References -0.002 |-
References _0.004 L L L I
0 0.2 0.4 0.6 0.8 1
x/c

Figure: Comparison of Wall Shear Stress at a=0°
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G Ca
v — Rey (Langtry and Menter, 2009) | -0.34 | 0.0216
S v — Reyg (Malan et al., 2009) -0.34 | 0.0211
Computationa ~v — Rey (Sgrensen, 2009) -0.38 | 0.0139
Somain and the ~ — Reg (Suluksna et al., 2009) -0.36 | 0.0171
BRElba e v — Rey (Tomac et al., 2013) -0.39 | 0.0132
o M XFOIL 6.99 -0.39 | 0.0135
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Results

CFD Analysis of
NACA4415
Airfoil with

v — Reg Model

considering Table: Lift and Drag Coefficients at a=0°

Natural

Transition

G Cd

~v — Rey (Langtry and Menter, 2009) | 0.43 | 0.0074
S v — Reyg (Malan et al., 2009) 0.43 | 0.0077
Computationa ~v — Rep (Sgrensen, 2009) 0.44 | 0.0074
Somain and the ~ — Reg (Suluksna et al., 2009) 0.42 | 0.0067
BRElba e v — Rey (Tomac et al., 2013) 0.41 | 0.0073
oo Experimental (Miley, 1982) 0.45 | 0.0094
ol XFOIL 6.99 0.47 | 0.0075
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CFD Analysis of
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Airfoil with

v — Reg Model . ..
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G Cy

~v — Rey (Langtry and Menter, 2009) | 1.19 | 0.0176
S v — Reyg (Malan et al., 2009) 1.19 | 0.0176
Computationa ~v — Rey (Sgrensen, 2009) 1.21 | 0.0171
Somain and the ~ — Reg (Suluksna et al., 2009) 1.20 | 0.0173
BRElba e v — Rey (Tomac et al., 2013) 1.22 | 0.0169
Gz Experimental (Miley, 1982) 1.16 | 0.0135
Contig XFOIL 6.9 131 | 0.0113
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Figure: Comparison of Drag Coefficients
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