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Abstract—An air flow past a single triangular sail-type blade of a wind turbine is analyzed by mumerical sim-
ulation for low velocities of the incoming flow. The results of numerical simulationgindieate ‘a monotonic
increase in the drag force and the lift force as functions of the incoming flow; empirical dgpendences,of these

quantities are obtained.
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One of the priority trends in the development of
electric power engineering aimed at the solution of
environmental problems in Kazakhstan at present is
the employment of renewable natural resources and
the implementation of programs for energy and
resource saving [1]. Since the Kazakhstan territory
mainly consists of regions with low annual average yals
ues of wind velocities, commercial wind-powered
engines of low and moderate power have sot been
developed, and the application of availablefwind gen=
erator is noneconomic. In this connection, the design-
ing and construction of wind-powered units intended
for operation in low-velocity wind flows are topical for
Kazakhstan and are in line withftioritytrends in the
development of science in the republié\[2—4].

Sail-type windmills passesstheinique property to
effectively operate at low\wind yelocities as well as at
high velocities dueo ‘dynami€ally variable shape of
the working surfaceunderithe action of the wind flow

[5, 6].

Themmesearch for determining the aerodynamic
characteristicstofga blade of a wind turbine with a
dynamically variable shape of the surface was carried
out inlaboratory conditions. All experimental tests for
this purpese were performed in a T—1—M wind tun-
nel. The main characteristics of the working part of the
wind tunnel are as follows: diameter 50 cm, length
80 cm, turbulence intensity 3%, and flow velocity 1—
25 m/s. The parameters of a triangular sail-type blade
are: right isosceles triangle with legs of 37 cm and a
hypotenuse of 52 cm prepared from sail cloth of den-
sity p = 1200 kg/m?.

Here,4we consider numerical simulation of the air
flow with velocity from 2 to 14 m/s past a triangular
sail-type blade’(Fig. 1) arranged at an angle of attack
of 0%in\the working chamber of the wind tunnel for a
preset sail depth equal to half the base of the triangle
(18.5cm).

The system of equations describing the gas flow has
theyform [7]

aa_‘t’Jr(VV)V :F—le+vV2V, (1
p

divV = 0. (2)

The boundary conditions at the wall are the sticking
and no-flow conditions:

V=0, A3)

3
L e ()
on Kyp
where k = 0.4187 is the Karman constant and P corre-
sponds to the center of near-wall cell of the difference
grid.
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Fig. 1. Numerical integration domain.
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Table 1. Dependence of the drag on the wind velocity for2D  Table 2. Comparison of the drag for different finite-differ-

and 3D measurements ence meshes
Drag force Drag force
Velocity, m/s Velocity, m/s
2D-measurement | 3D-measurement Mesh C; Mesh C, Mesh C;
2 0.11689019 0.11275012 2 0.12197591 0.11689019 | 0.11694198
4 0.46832793 0.43586214 4 0.48873618 | 0.46832793 | 0.4683286
5 0.7320603 0.70952331 5 0.76396827 | 0.7320603
6 1.0544758 1.0478234 6 1.1004501 1.0544758
The boundary conditions at the input are The boundary conditions at the elitput are
= . V = . 5
U =Un V=0 ® %_, o
The turbulent parameters of the flow are determined ox
by specifying turbulent pulsation intensity / and For the k—e model, we used
hydraulic diameter D : mended set of empirical

3 2 3/4 3/2
k = E(II/inlet) s €= Cp. T’ C, = 009,

(6)
l = 0'07Dhyd1 = 3%.
Thed

with the sizes of the wind tunnel.

—

x 10~ (a) region with a model placed into

183 e finite-difference mesh was con-

oL, & he Gambit 2.3.16 code

) oosing the measuring system, computations

2% 3 eiperformed in the 2D and 3D formulations of the

—430 g em. Table 1 contains the results of calculation of

:g;‘é? 2 S"drag force for 2D and 3D measurements.

Ig:‘z‘g > can be seen from Table 1 that the drags in the 2D

18 B and 3D formulations differ insignificantly. Therefore,

-6 g we can use the 2D formulation to simplify computa-

-2 2 0,2 tions.

.- ke ) . .

s S > To determine the effect of the computation mesh

04, (number of cells) on the result of determining the

180 drag of the triangular blade with the help of the
model used here, calculations were made for three

x 10 computational meshes with (/) 20000, (2) 40000,

306 and (3) 160000 points.

%3

%gg Table 2 shows the drag forces obtained for low wind

A3 velocities from 2 to 6 m/s. The values of C,, C,, and C;

558 correspond to the drags obtained on meshes with

138 20000, 40000, and 160000 points, respectively.

—

N

It can be seen from Table 2 that the discrepancy
in the values of drag for meshes with 40000 and
160000 points is insignificant, while the difference
in the value of drag obtained on the mesh with

Jan 30, 2015 20000 points is noticeable. Therefore, it is expedient
ANSYS FLUENT 13.0 (2d, pbns, ske ) to use the mesh with 40000 points for calculations.

Numerical simulation was carried out using the
ANSYS Fluent program package on the basis of solu-
Fig. 2. Distribution fields of (a) pressure and (b) flow lines t%on of 2D equat,lons (1) and (2) with boundary condi-
in the symmetry plane for angle of attack a = 0° and for a tlons (3)‘_§8) Wlth the help of the Patankar method
velocity of the incoming flow of 5 m/s. [8], implicit algorithm of the second order of accuracy
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Fig. 3. Dependences of (a) drag force and(b)lift force on
the velocity of the incoming flow.

over the space for cofivective terms of the equations,
and the k—e two-pdrametsic turbulence model.

Figure 2 shews,theypressure distribution fields and
flow lines inthedsymmetry plane for angle of attack
a = 0%and forén incoming flow velocity of 5 m/s.

It canlbe seen that a reverse—circulation flow is
formed behind the body, and high-pressure regions
appear on the blade surface.

Figure 3 shows the dependence of the drag and lift
forces on the velocity of the incoming flow. Circles
correspond to the results of numerical experiment and

TECHNICAL PHYSICS Vol.61 No.2 2016

asterisks are experimental data; the dashed curve
approximates the results.

Figure 3a shows the results of numerical experi-
ment approximated by the power dependence F, =

0.0553 U136,

It can be seen that the results of calculation are in
good agreement with experimental data. The drag
force increases with the velocity of the incoming flow.

Figure 3b shows the results of numerical experi-
ment on determining the lift force, whichsare approx-
imated by the power dependence F, = 06025 U062,

The discrepancy between the eXperimental data
and the results of numerical simulatiomis of about 3—
4%. This can be explained by the experimental error
of 3%.

On the basis of numerical simulation, universal
dependences of the aerodyftamic parameters on the
geometry of the bladg profile havelbeeniestablished for
various velocities of the wind flow. The results of sim-
ulation of the flow, past.a triangular sail-type blade
have been obtained, Comparison of the results of
numericalg calculations, with experimental data
demonstsates satisfactory agreement.

The regularitiés in the variation of the aerodynamic
parametersestablished in this study can be useful for
understanding the complex aerodynamic pattern of
the'turbulenpair flow past bodies with various profiles.
The vniversal dependences obtained for the driving
forceland drag can be used in designing sail-type wind
turbines.
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