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Simulation of flow of the blade wind turbine

The paper is concerned with simulation of aerodynamics of a wind turbing,blade in 3D space. The authors
developed a grid model of the airspace in the form of an infinite cylinder wherein a wind turbine blade is ar-
ranged. The simulation made it possible to draw a picture of theteross<flow of a sail blade at various airflow
rates. The investigators determined the pressure distributiefypatterniand distribution of the current lines in the
symmetric plane for the angle of attack a=0° at an approach flew rate of 5 m/s.
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Introduction

The investigation process of simulation of the flow of a triangular sail blade by an airflow using Fluent
software package includes the folloWing solusion stages: the development of the computational model, the
finite-difference grid plotting, running the,Ansys Fluent solver, processing of the results [1].

The computational modelgdeveélopment stage is one of the most important steps to achieve a successful
solution of the problem. Designedyin the right way computational model, reasonably broken down into finite
elements, significantly ineseases the quality of the solution of the problem, reducing the probability of occur-
rence of nonphysical pictureiof the flow and contributes to the achievement of results close to experimentally
obtained ones. Thetconstruction of the model geometry can be done in two ways:

1) Developmentiof the geometry using the internal means of the program,;

2) Development of'the model in CAD programs and their further importing.

To baild @twesdimensional model of the wind turbine blade an internal program of the Ansys Fluent,
1.egGambitwas used [2—4].

Problem statement

To develop a three-dimensional model of the wind turbine blade an AutoCAD (Autodesk) software
package was applied (Fig. 1). The blade was a right isosceles triangle, which was captured when it was ulti-
mately blown by the airflow. The area surrounding the sail corresponded to the dimensions of the wind tun-
nel T-1-M [5].

To proceed to the next stage, the investigators exported the resulting geometric model to the Gambit
program and they built a finite-difference grid based on the model. They also checked the quality of the grid
and set the boundaries of the computational domain, within which the boundary conditions would be estab-
lished later. Then the export of the finite-difference grid to the Fluent program was carried out.

To determine the effect of a difference grid size (number of cells) of the two-dimensional model of the
blade on the drag force, calculations for three difference grids were made using the model. Table 1 shows the
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numerical comparison of drag force results obtained for various difference grids. The value of F; corresponds
to the drag force obtained using the model on the grid of 20.000 nodes, F, — of 40.000 nodes, and F; — of

160.000 nodes.

a) a wireframe view b) a volumetric view

Figure 1. The three-dimensional model of a wind turbine blade

Table 1
Comparison of drag forces for various differencefgrid
. Drag force
Velocity, m/s FN F. N Fo
4 1.49 1.56 1.56
5 1.76
6 3.10

Table 1 shows that value differences of drag force
minimal, and the difference grid of 20000 nodes is much

Therefore, for a two-dimensional model of the
reasonable to use a grid of 40000 nodes later on (F

To determine the effect of the size of the diffi
the drag force, using the model the authors
nodes, 2 — for 1400000 nodes.
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Figure 2. Finite-difference grid of the sail blade of the wind turbine

le ws the results of calculations of drag forces for various finite-difference grids. The value of
esponds to the drag force obtained using the model on the grid of 1000000 nodes, F, — of 1400000

no and F; — is obtained experimentally.

Table 2
Comparison of drag forces for various difference grids

. Drag force
Velocity, m/s FN F. N Fi N

4 1.49 1.56 1.55

6 3.46 3.26 3.28

8 5.10 5.76 5.78
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Table 2 shows that the values of the drag force obtained by means of experiments and numerical simu-
lation method, on the finite-difference grid of 1,400,000 cells are slightly different. In this regard, for further
calculations the experimenters will use the grid of 1,400,000 cells (Fig. 3).

wLs

Figure 3. The finite-difference grid of a three-dimensional model of a wind turbi

continuity. The system of equations describing the flow of gas in vector fornpi : follows.
The numerical simulation was carried out based on solving two-dimensi
ry conditions (1)—(3) using Patankar method, implicit scheme of the secon
tive terms of equations, two-parameter model of turbulence k-¢.
The boundary conditions at the input bound:

U=U,; V=0.‘) (1)
The boundary conditions at the output bound:
90
s 2
. 2

For the k-e-model the investigators used a s mmended set of empirical constants (2.0),
which is usually defaulted in computational packa
. ,=1.

2, 6,=1.0, 0,=13. 3)

C, =009, C, =1
The dimensions of the computat ere Set in accordance with the measures of the wind

tunnel.

Ilts and discussion

as‘processing of the calculation results. The authors determined the
on and of the current lines in the symmetric plane for the angle of at-
5 m/s (Fig. 4).

The next stage of the solu
fields of rates, of the pressu, i
tack a=0° at an approach flow fateof

s
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Figure 4. The field of the current lines distribution
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Figure 4 shows that the blade tips are high pressure zones and the depression zones are located outside
of the sail. It is seen that behind the sail owing to the formation of circulating zones a backflow occurs,
which may be caused by the capture of the air flow by the boundary layer.

Conclusion

Thus, the authors made the analysis of the development of the computational model of a sail blade in an
airflow. Using ANSYS FLUENT software, the authors determined the pattern of the cross flow of the sail
blade at a variety of cross flow rates.

On the basis of numerical simulation, universal dependences of the acrodynamic parameters on the ge-
ometry of the blade profile have been established for various velocities of the wind flow. The results of simu-
lation of the flow past a triangular sail-type blade have been obtained. The regularities in the yariatiomyof the
aerodynamic parameters established in this study can be useful for understanding the complex aerodynamic
pattern of the turbulent air flow past bodies with various profiles. The universal dependencesyobtained fof'the
driving force and drag can be used in designing sail-type wind turbines.
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KbIcHIMHBIH TApAJIYBIH AHBIKTAFaH KeJTYPOHHA KAJAKIIAIAPBIH
OpaIn arybIH KOPHEKIiJIiK MoaeJti

Maxana 3D keHieEKTeri eJIKO3FAITKbII KaJaKIIaJapblHbIH a3pOJMHAMMKACBIH MOJENbACYAI YHpeHyre
apHairaH. JKegTypOrHa, KaNaKIIaChIHAA OpHANACKAH INEKCi3 MWIMHAP TYPIHJETi aya KEHICTITiHIH TOpPIIbI
MoJeli KypsUIgbl. Mogenbiey aya arbIHBIHBIH OPTYPJI JKBUITAMIBIFBI Ke3iHJETi JKeNKEHl KaJlaKIIaHbI
KeJIeHeHfOpaIl agyablfl CypeTiH alyFa MYMKIHIIK Oepai. Aya aFbIHBIHBIH JKBUITAMJIBIFEL 5 M/C TeH Ke3Jeri
a=0° @YpeuTy NOYPHIIIBIHIAFEl CHMMETPUS JKa3BIKTHIFBIHBIH TOK CBI3BIFBI MEH KBICHIMBIHBIH Tapajybl
QHBIKTANBI.
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NnarocTpannonHoe Moge IMPOBaHNe 00TEKAHUS JIONIACTH BETPOTYPOMHBI
¢ BbISIBJIECHHEM pacnpe/ieieHUs 1aBJIeHUsI

Crathsl MOCBSLIEHA U3YYCHHUIO MOICIMPOBAHMS adPOIHHAMUKH JIOMACTH BeTpozsuraress B 3D mpocrpaHcT-
Be. [locTpoeHa ceTodHasi MOJENb BO3AYIIHOIO MPOCTPAHCTBA B BHAC OCCKOHEYHOIO LIIMHIAPA, B KOTOPOM
PAacIoIOKEHa JIONAcTh BETPOTYPOHHBL. MOIETHPOBaHIE MO3BOIMIIO TIOTYYUTh KAPTHHY MOMEPEIHOro o0Te-
KaHWS [apYCHOM JIOMACTH MPH PA3IMYHBIX CKOPOCTSX ITOTOKA BO3AyXa. [loydeHa KapTHHA paclpeaeteHus
JIABJICHUS ¥ JIMHUM TOKa B INIOCKOCTH CUMMETPHH U yTila ataku 0=0° Mpu CKOPOCTH Haberarouero noToka,
paBHOH 5 M/c.
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