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Abstract. When the y — Reg transition model is used to calculate the aerodynamic performance of
the wind turbine airfoils, the SIMPLE algorithm is usually applied to solve the equation of speed and
pressure for airfoil surface. Consequently the precision of the results by using SIMPLE algorithm is
comparatively low. Therefore, For the newly wind turbine airfoil named CQU-DTU-LN118,
COUPLED algorithm is selected to solve the equation of speed and pressure for airfoil fluid surface.
The results of SIMPLE algorithm, COUPLED algorithm and wind tunnel experiments are studied
comparably on the condition of Reynolds number of 2.1x<106 and the angle of attack from -8 t0 15<
Compared with the aerodynamic characteristics (such as pressure distribution, lift coefficients, drag
coefficients and among others), it is found that the calculated data for COUPLED algorithm are the
same as wind tunnel test. But the results calculated by SIMPLE algorithm are far away from
experiment data when the airfoil is in the state of stall. The study validated the accuracy and
applicability for the COUPLED algorithm used to simulate the wind turbine airfoils.

Introduction

The power of wind turbines is relative with the aerodynamics performance of airfoils. Therefore, it is
important to predicate accurately the aerodynamic characteristic for the wind turbine airfoils. With
the development of computational fluid dynamics (CFD) method, it is a good way to select this
method to calculate the aerodynamic performance for wind turbine airfoils. It can well capture the
airfoil surface pressure and velocity distribution characteristics. P.R.Spalart and S.R.Allmaras [1]
firstly present a S-A turbulent model to calculate the aerodynamic performance for the RAE 2882
airfoil. F.R.Menter[2] deduced the SST k-w turbulent model which can be used widely to airfoil CFD
numerical calculation. In 2006 year, Langtry and Menter present a method named y —Re,, transition

model coupled the SST k-w turbulent model[3].Some studies[4-6] have validated the accuracy of the
y —Re, transition model. However, the aerodynamic performance of the airfoils after stall is still

not very accuracy, especially for the lift coefficients after stall. In the past, most of the previous studies
have chosen the SIMPLE algorithm to calculate the aerodynamic performance for wind turbine
airfoils. Few scholars solve the airfoil surface velocity and pressure equation by using the COUPLED
algorithm. Therefore, the COUPLED algorithm for the » —Re, transition model is selected to

calculate the aerodynamic performance of CQU-DTU-LN118 airfoil. Lastly the applicability and
accuracy of this method is verified compared with wind tunnel experiments.

Numerical Calculation Method
RANS and y —Re, Transition Model

The transition SST model is based on the SST k-w turbulence model considered y —Re, factor. The
transition model triggers and controls the transition by solving the function factor y and jointly

modifying the k equations.
(1) y equations
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CQU-DTU-LN118 Airfoil Fluent Calculated Model

CQU-DTU-LN118 is designed based on functional integral theory[7]. The maximum thickness is
18%. The length of the fluid calculation area is 25 times the chord length and the width is 20 times
chord length [8]. The two-dimensional quadrilateral structured grid is used to mesh the fluid field.
The grid-independent is analyzed, and it is found that the grid number of 15 million could meet the
computing requirements. The height of the first layer is 10°mm. The fluid wall parameter Y* <1.
The pressure outlet and velocity inlet are determined according to boundary conditions. The criteria
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wall free slip boundary conditions is selected. Figure 1 shows the O-H grid for CQU-DTU-LN118
new airfoil.
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In order to study the influence of different algorithms used to the airfoil fluid field, the SIMPLE
and COUPLED algorithm are used to solve the pressure function of CQU-DTU-LN118 airfoil. The
N-S equations are solved by double-precision and the second-order discrete scheme is adopted. The
convergence precision is set to 1.0x10°.

Comparison and Experimental Verification of Calculated Results

The SIMPLE and COUPLED algorithm is used to solve fluid speed and pressure, respectively. The
calculated results are compared with wind tunnel experiments which has done in the wind tunnel
laboratory of Virginia Polytechnic Institute[9]. The angle of attack is from -8<to 13.5< Reynolds
number is 2.1x106.

Compared with wind tunnel test data, the results calculated by SIMPLE algorithm at the angle of
attack of 5.7 <is agree with the results calculated by COUPLED algorithm as shown in figure 2. The
same results as shown in figure 3 at angle of attack of 10.5< However, when the angle of attack is
13.6°which the airfoil surface fluid is in the state of stall, the pressure distribution calculated by
SIMPLE algorithm is closer to wind tunnel data than that of COUPLED algorithm.
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Fig. 2 airfoil surface pressure coefficients distribution(a=5.7)
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Table 1 shows the comparisons between lift coefficient, drag coefficient calculated by the two
algorithms and experiment data. The lift coefficients and drag coefficients are agree with the wind
tunnel test at the angle of attack of 5.7<and 10.5< It indicated that the aerodynamic performances are
closed to wind tunnel experiments before stall. But when the angle of attack is 13.6 “which the airfoil
surface fluid is in unsteady state, the predicted results are not the same as wind tunnel experiments
used the steady state numerical solution. The lift coefficient and drag coefficient calculated by
SIMPLE algorithm are 2.078 and 0.026, respectively. Compared with the experimental results of
1.711 and 0.062, the error is about 21.2% and 58.2%, respectively. Meanwhile, compared with wind
tunnel experiments, the aerodynamic performance are 1.763 and 0.047 calculated by COUPLED
algorithm which the errors are about 2.8% and 23.8%, respectively. This indicated that the

Fig. 3 airfoil surface pressure coefficients distribution(a=10.5
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Fig. 4 airfoil surface pressure coefficients distribution(a=13.6)

Table 1 comparison of the results of two algorithm and the experiment

SIMPLE algorithm | COUPLED algorithm | EXPERMENT
Angle of attack(%) CL Co CL Co CL Co
5.7 1.28976 | 0.01018 | 1.28398 | 0.01021 | 1.34905 | 0.00935
10.5 1.79187 | 0.01712 | 1.78605 | 0.01692 | 1.77685 | 0.01748
13.6 2.07820 | 0.02600 | 1.76314 | 0.04737 | 1.71509 | 0.06217
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aerodynamic performances calculated by COUPLED algorithm are more accurate than calculated by
SIMPLE algorithm after stall.

Figure 5 and 6 shows the numerical prediction CL and Cp of the CQU-DTU-LN118 airfoil for
smooth flow (free transition) compared with measured aerodynamic performance. As shown in figure
5 and 6, the aerodynamic performance calculated by the two algorithms are agree with experimental
data when the angle of attack is less than 10.5< however, when the angle of attack is more than 10.5<
the lift and drag coefficients calculated by COUPLED algorithm is closed to wind tunnel test.
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Fig.5 lift coefficients of CQU-DTU-LN118 airfoil varied with angle of attack
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Fig.6 drag coefficients of CQU-DTU-LN118 airfoil varied with angle of attack
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Fig.7 lift to drag of CQU-DTU-LN118 airfoil varied with angle of attack

Figure 7 shows the lift to drag characteristic varied with angle of attack. The lift to drag calculated
by the two method is less than wind tunnel experiments. The main reason is that the predicated drag
coefficients are more than wind tunnel experiments before stall. Wherever, the lift to drag calculated
by COUPLED algorithm is closer to wind tunnel test, compared with the results calculated by
SIMPLE algorithm. In a word, compared with the results predicated by SIMPLE algorithm, the
aerodynamic performance calculated by COUPLED algorithm is more agree with wind tunnel data,
especially after stall.

Conclusion

Using ¥ —Re, transition turbulence model, the aerodynamic performance for CQU-DTU-LN118
airfoil is predicated by SIMPLE algorithm and COUPLED algorithm. Compared with wind tunnel
experiment, the difference between the results predicated by COUPLED algorithm and that by
SIMPLE algorithm is small. However, the results calculated by COUPLED algorithm is more agree
with wind tunnel test than that by SIMPLE algorithm after stall. It is verified that the COUPLED
algorithm can be applied to the aerodynamic numerical calculation for wind turbine airfoil. The next
step the whole wind turbine blade will be predicated by COUPLED algorithm.
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