Proceedings of
The 5th National Congress on Fluids Engineering
March 26-28. 2008, Jeju, Korea

CFDell ©]&F NREL Phase IV SHER 45314

7 | *kk
[==]

k=l

oE

* o**
ArZergol

02

Performance Analysis of the NREL Phase IV Wind Turbine by CFD

Bum-suk Kim’, Mann-eung Kim~ and Young-ho Lee

Key Words : Wind turbine(s- % E/ %)), CFD(Xf/‘}W—ZﬁOj#) Transitional turbulence model(¥°] H72 E), Fully
turbulence model(£+F H+7 2 ), Power prediction(§ 5 <), NREL PhaselV wind turbine

Abstract

Despite of the laminar-turbulent transition region co-exist with fully turbulence region around the leading edge of an
airfoil, still lots of researchers apply to fully turbulence models to predict aerodynamic characteristics. It is well known
that fully turbulent model such as standard k-e model couldn't predict the complex stall and the separation behavior on
an airfoil accurately, it usually leads to over prediction of the aerodynamic characteristics such as lift and drag forces.
So, we apply correlation based transition model to predict aerodynamic performance of the NREL (National Renewable
Energy Laboratory) Phase IV wind turbine. And also, compare the computed results from transition model with
experimental measurement and fully turbulence results. Results are presented for a range of wind speed, for a NREL
Phase IV wind turbine rotor. Low speed shaft torque, power, root bending moment, aerodynamic coefficients of 2D
airfoil and several flow field figures results included in this study. As a result, the low speed shaft torque predicted by
transitional turbulence model is very good agree with the experimental measurement in whole operating conditions but
fully turbulent model(k-€) over predict the shaft torque after 7m/s. Root bending moment is also good agreement
between the prediction and experiments for most of the operating conditions, especially with the transition model.
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Table 1 Specification of the Phase IV

Number of blade 2

Rotor diameter 10.058m

Hub height 12.192m
Rotational speed 71.63rpm
Cut-in wind speed 6m/s

Power regulation stall

Rated power 19.8kW
Rotational direction CCW

Global pitch angle 4.775° (tip=3°)

0.3 T T T T T T T T T

02 1

0.1

y/e

0.0

-0.1

02 ]

03 1 1 1 1 1 1 1 1 1
00 01 02 03 04 05 06 07 08

x/c

Figure 1 S809 airfoil profile

Figure 2 Configuration of the NREL PhaseIV blade

Heke Y $50] 571 &5 periodic separation 2 9} W
(vortex shedding) &% ol &gt ko= B3 Fe w7
WA F7IHoR AFshs 545 BRIt weha, ofesh
A5 FHIES 8l T AEEA o] WAshE AR
HE] 500 stepe] RHEARNE AY} G S torque #FS] FHAIE
A&

Transition W-F 522
A4S SAsiale Bd 2 Azt
REEgljoprt Al i]’“ a4 Aae] gr7} 7hssitk
L, ke Edo] A9 dul E.Qi y>309] 21
7F Qitk whebA, 2 °4

El:nﬂ],] E 10 7}1} Ak

L5 18 oH, transition

y+>30,] AL TS

r>~ nj.t)].

o]

=
o
o
= PR

=5 Sl A
A7) ICEM-CFDE AHE-3191 01, Fig, 301] L}EMME}
AR 2F 7,500,000 node©]™, $H8H O type HEXA 741}741
TAE AT
02 o ©

3
93, ©el Befol=rkg 5

LT=E v

Q)

o] pressure =18 F-oia}
S|
S|

=799
tidel E3ksk7] 8l periodic 2

ol



Figure 3 Computational grid for the NREL wind turbine simulation
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Fig. 4 Suction side intermittency contour, 7m/s, 10.02 m/s, 13.05m/s,
15.1m/s, and 20.13m/s(from top to bott -om, transition model)
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Fig. 5 Suction side surface streamlines, 7m/s, 1002 m/s, and
20.13m/s(from top to bottom, transition model)
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Fig. 6 Suction side surface streamlines, 7m/s, 1002 m/s, and
20.13m/s(from top to bottom, k-¢ model)
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