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Numerical simulation of 3D viscous flow field of wind

turbine under nonuniform wind
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( State Key Laboratory of Ocean Engineering School of Naval Architecture Ocean and Civil Engineering Shanghai Jiao Tong
University Collaborative Innovation Center of Advanced Ship and Deep-Sea Exploration Shanghai 200240 China)

Abstract: A numerical simulation of 3D viscous flow field around NREL Phase VI wind turbine was carried out with open source
software OpenFOAM under nonuniform wind conditions about which little research has been done. Exponential wind profile which is
close to real situations is chosen. Based on this hypothesis the following aerodynamic results were analyzed such as the pressure
coefficient distribution at different sections and rotor thrust and wake structures at mean wind speeds of 5 m/s 10 m/s 15 m/s and
25 m/s respectively. At the same time the results under nonuniform wind conditions were compared with those under uniform
conditions to deepen the understanding of the shear wind effects on the flow structure and flow characteristic around the wind turbine.

Keywords: wind turbine; nonuniform wind; OpenFOAM; aerodynamic performance; wind energy development; offshore wind power

12014-01-06
(51379125 51411130131 11432009) ; ( ) (2013022) :
(973 ) (2013CB036103) ; ; ( AB) ;
( HPC)
(19899 o E-mail: zhouhul989@ 163. com

o E-mail: dewan@ sjtu. edu. cn



91

o

Nilay Sezer-Uzol

CFD

I  OpenFOAM

OpenFOAM

S

OpenFOAM

OpenFOAM

940

Ph
x 80 ft

25 m/s

o

OpenFOAM

o

ase VI

10.058 m

SnappyHexMesh

( AMI)

5

Open Field Operation and Manipulation

Navier-Stokes

OpenFOAM

o

56

C+ +
o C+ + N N
OpenFOAM
OpenFOAM o N
interDyMFoam
! OpenFOAM naoe-FOAM-SJTU
o N 12 MRFSimpleFoam  pimpleDyMFoam
2000 Ames 120
15
o RANS k-w SST
x 72 o
12.192 m NREL S809 16 .
ICEM CFD OpenFOAM
system snappyHexMeshDict o
5m 20 mo, 0.8 m
5m o 80 o
. N Sequence S 5.10.15
1 o



33

92
1 2 AMI
Fig. 1 Global mesh Fig. 2 Mesh of AMI Interface
1
Tab. 1 Experiment parameter of different computation cases
/(mes™) /(kg *m™) f(m®+s™") /rpm /(°)
S0500000 5 1.243 1.424F -5 72
S1000000 10 1.246 1.423E -5 72
S1500000 15 1.224 1.450E -5 72
S2500001 25 1.220 1.454E -5 72
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Fig. 3 Wind profile of 5 m/s and 15 m/s at hub location
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value uniform (0 0 0);
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Fig. 4 Inlet velocity distribution at speeds of 5 m/s and 15 m/s
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7
Fig. 7 Comparison of time histories of thrust for different uniform and nonuniform winds
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Fig. 8 Vortex structure for uniform and nonuniform winds at different speeds
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