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event

A I Kangash', E V Pankratov', I A Kosarev', P A Maryandyshev' and M S Virk

! Northern (Arctic) Federal University named after M.V. Lomonosov, 17, Severnaya
Dvina Emb., Arkhangelsk, 163002, Russia
2 UiT The Arctic University of Norway, 2, Lodve Langes Gate, Narvik, 8515, Norway

E-mail: a.kangash@narfu.ru

Abstract. The paper investigates the flow behavior near the NACA 64-618 airfoil profile of
the blade tip section of a wind turbine for electric power production after a short icing event.
The flow simulation considering the rotation speed of the wind turbine blade is performed to
assess the effect of icing on the aerodynamic characteristics. Degradation of aerodynamic
characteristics affects the electrical energy production of the wind turbine. The aerodynamic
lift and drag coefficients are calculated for different angles of attack. The flow velocity fields
near the airfoil are analyzed. The pressure coefficient distributions along the profile surface are
obtained. The points of flow stall and changes of aerodynamic characteristics at different
angles of attack are determined.

1. Introduction

The demand for energy resources in the world is growing, and therefore renewable energy sources,
which are a cleaner and more affordable alternative to fossil energy sources, are becoming
increasingly important. Wind energy has a leading position among renewable energy sources [1].

The reduction of negative environmental impacts from the energy sector is related to the increase
of total global wind power capacity. Limiting global warming to below 2°C compared to pre-industrial
levels requires installing an average of 180 GW of new wind power annually, and from 2030 onwards
up to 280 GW will need to be installed annually to maintain a pathway consistent with achieving net
zero by 2050 [2].

Northern territories have substantial wind energy resources and could become an area for
expanding the use of renewable wind energy to meet the world's energy needs [3-4]. Another way of
using wind energy in the north is energy supply for remote northern settlements that are not connected
to the central energy supply systems and are dependent on imported fuel [5].

However, weather conditions are a limiting factor for the widespread use of wind energy in the
north. Wind turbine structures, especially the blades, are prone to ice formation [6]. Blade icing leads
to aerodynamic degradation due to changes in airfoil shape and increased surface roughness [7]. Ice
formation on the blades causes a decrease in lift and at the same time an increase in drag force,
resulting in reduced power output from the wind turbine [8-9]. In addition, the ice accretion on the
wind turbine structures can lead to partial or complete mechanical destruction, errors in measurements,
and a threat to human health and life due to ice falling from the blades [10-11]. Consequently, the



operation of wind turbines in northern weather conditions requires additional technical solutions and
in-depth knowledge of the ice formation process.

In a previous paper, the authors investigated the effect of icing on the performance of a wind
turbine [12]. Four cases with inflow velocities of 10, 15, 20 and 25 m/s were considered to assess the
effect of 60-minute icing event on the performance of the wind turbine and to build a power curve
after icing. In addition to inflow velocities, the rotation speed of the sections, relative flow velocity
considering inflow velocity and blade rotation speed, axial and tangential induction coefficients were
considered and calculated for each considered blade section. This allowed to simulate the flow
conditions for each blade element close to the real conditions of the wind turbine and rotor rotation,
except for the three-dimensional influence of the sections on each other. The blade geometry of the
NREL 5SMW wind turbine was used as a reference for the study. The calculation of the aerodynamic
characteristics showed that the greatest losses are observed near the tip of the blade due to the
formation of large amounts of ice.

This paper is devoted to the study of the aerodynamic characteristics of the blade tip airfoil of a
wind turbine after a short icing event. The airfoil NACA 64-618 is chosen for the study as one of the
blade tip sections of the NREL SMW wind turbine. Seven cases with different angles of attack (AoA)
are considered in the article to assess the effect of the ice shape on the aerodynamics of the blade.

2. Materials and methods

The blade geometry of the NREL SMW wind turbine was used in this study (figure 1). NREL SMW
blade is divided into 17 sections and consists of 8 different airfoils [13]. The main characteristics of
the NREL SMW are presented in the table 1.
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Figure 1. Blade geometry of the NREL SMW wind turbine.

Table 1. Characteristics of the NREL SMW.

Characteristic Value
Rated power 5 MW

Rotor diameter 126 m

Hub diameter 3m

Blade length 61.5m
Hub height 90 m

Cut-in, rated, cut-out wind speed 3 m/s, 11.4 m/s, 25 m/s
Cut-in, rated rotor speed 6.9 rpm, 12.1 rpm

The blade tip of a wind turbine is most prone to icing. Therefore, its sections are of most interest
for studying the effect of icing on the performance of a wind turbine. The NACA 64-618 airfoil is
used for the blade tip sections of the NREL SMW wind turbine. Airfoils of the NACA family are
widely used in the design of wind turbine blades [14-16]. The profile selected for the study has the
following characteristics: NACA 64-618 airfoil, /R = 0.98, chord length = 1.419 m, twist angle =
0.106°. The research uses the icing geometry of the airfoil obtained by the authors in a previous paper
[12] as a result of simulation of wind turbine blade icing with an inflow velocity of 10 m/s, which



corresponds to the relative velocity of the flow for the selected section of the blade — 68.9 m/s (figure.
2).

The simulation was performed in the ANSYS Fluent finite volume method solver. The SST k-w
turbulence model was used for flow simulation [17-18]. This model is widely used, in particular for
flow calculations near wind turbine blades, and provides reliable flow calculations [19-21]. The
Coupled scheme was chosen to solve the pressure-velocity coupling. Seven cases with angles of attack
from -15° to 15° with 5° step were simulated to evaluate the effect of icing on the aerodynamic
characteristics of the blade section. An inflow velocity of 10 m/s was chosen for all cases. The relative
flow velocity, considering the inflow velocity and the rotation velocity of the blade, is 68.9 m/s.

Two-dimensional structured grid was created for the study. The wall distance was calculated
considering the fluid parameters, flow velocity, profile size and the desired value of the function Y+
less than 1 [22-23]. The distances from the airfoil to the mesh boundaries were chosen with
consideration of no influence of the walls on the result: the boundary after the airfoil is 25 chord
lengths, the other directions are 15 chord lengths (figure 2).
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Figure 2. Numerical domain (left) and mesh near the airfoil (right).

The study of the independence of simulation results from the quality of the mesh model was
performed for the aerodynamic profile of a wind turbine in order to provide an optimal balance
between the accuracy of the obtained results and the waste of computational resources and time per
simulation. Six different grid models with different number and configuration of cells were created to
determine the minimum required number of cells. For this estimation, simulations were performed and
aerodynamic coefficients of lift and drag forces were calculated at an angle of attack of 0° and
Reynolds number of 6 million. A comparison of the results showed that a 153,000 cells mesh provides
a sufficient level of accuracy with a reasonable use of computational resources.

3. Results and Discussion
The simulation resulted in the computation of the flow near the NACA 64-618 airfoil with ice
formation. Aerodynamic lift and drag coefficients were obtained. Figure 3 shows that the lift
coefficients have negative values at negative angles of attack. The lift coefficient increases as the
positive angle of attack increases up to 10°. There is a decrease in the lift coefficient at 15°, which may
indicate flow stall.

Figure 4 shows the change in the drag coefficient at different angles of attack. The lowest drag
coefficient values are observed at angles of attack between -10° and 5°. Angles of attack above and
below this range are characterized by increasing drag coefficient, especially for the case of AoA 15°.
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Figure 5 shows the flow velocity fields for the NACA 64-618 iced airfoil for the inflow velocity of
10 m/s (relative velocity — 68.9 m/s) and at the angles of attack from -15° to 15°. All cases show flow
disturbance near the ice formation at the leading edge. The slightest changes in flow are found for
cases with AoA -5°, 0°, and 5°. Flow stall at positive angles of attack is noticeable at 10°, and deep
stall is observed at 15°. The flow stall at negative angles of attack is noticeable at -15° and absent at -
10°. This confirms the previously described results of calculating the lift and drag coefficients.

The pressure coefficient distributions along the NACA 64-618 iced airfoil surface at angles of
attack of 0°, 5°, 10° and 15° are shown in figure 6. Disturbance at the leading edge is common to all
presented cases, which is caused by the influence of icing on the airfoil shape and leads to a
degradation of its aerodynamic characteristics. It is observed that the pressure difference at the leading
edge increases with increasing angle of attack. But cases AoA 10° and 15° have a smaller pressure
difference along the pressure side compared to other cases due to the flow stall, which leads to a
reduction of the aerodynamic characteristics.
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Figure 5. Flow velocity fields for the NACA 64-618 iced airfoil.



Cp
' RS ] 1 ! !
IS RN BRI NLAREEN BUNLNRRNEY BUNLN N RLNRENA BUNLNRENEY BB B

Figure 6. Pressure coefficient
— 0z 04 08 08 1z 73 s distribution along the NACA
X [m] 64-618 iced airfoil.

4. Conclusion

In this paper, the ice accretion effect on the aerodynamic characteristics of the wind turbine blade tip
airfoil after a short icing event was investigated. As a result of CFD numerical simulation of the flow
at different angles of attack, the aerodynamic coefficients were calculated. The lift coefficient is
negative at negative angles of attack. The maximum lift coefficient value of 1.177 was obtained at the
angle of attack of 10°. The lowest drag coefficient values are observed at angles of attack from -10° to
5°. The result of calculating the aerodynamic coefficients showed that the AoA 5° case has the highest
C./Cp ratio, indicating the best performance for the iced airfoil at the AoA 5°. The pressure coefficient
distribution is disturbed compared to the clean airfoil. At the AoA 0°, the lowest pressure difference is
observed due to the changed shape of the profile. The analysis of the flow velocity fields and pressure
coefficient distributions showed that the flow stall occurs at the AoA 15°.
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