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A Wind Tunnel Study on the Aeromechanics of a
Novel Twin-Rotor Wind Turbine Model

Zhenyu Wang, Wei Tian, Anupam Sharma and Hui HU (D<)
Department of Aerospace Engineering

lowa State University
2251 Howe Hall, Ames, IA 50011-2271
£ Email: huhui@iastate.edu
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Wind Energy Production and Wind Turbine Installations in USA
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e A target of 20% of US electricity from wind energy by 2030 has . o

been set up by the U.S. Department of Energy (DOE). * Texas: 12,354 MW/(8.3%)
he 3rdl in th led wind e California: 5,829 MW (6.6%)

e lowa is the 3rd in the nation in installed wind energy capacity . ) o
and it has the highest density of wind power generation Io!/va.. 5,177 MW (27.4%)
capacity with 29.9 kW/km? e |llinois: 3,568 MW (4.7%)

) o 0

e According to 2013 DoE wind Technologies Mark Report, lowa Oregon: 3,153 MW (12.4%)
has reached the milestone of 27.4% of the state’s electricity in * Oklahoma: 3,134 MW (14.8%)
2013, while the national average rate is about 4.1% in 2013. e Minnesota: 2,987 MW (15.7%)
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Root Loss and Wake Loss of Wind Turbines

Root Loss (~5%):

» Inner 25% of rotor blades are designed to provide
structural integrity.

How Wind Power Wo Turbine Aerodynamics

*  The aerodynamically poor design at the root region
would result in a “dead” wind zone where virtually no
energy is extracted from the incoming wind.

» Wake Loss (up to 40%):

* Aerodynamic interaction between wind turbines will Lo
results in significant energy loss ( up to 40%).

10

*  Wake loss is due to the ingestion of low-momentum air
in wakes from upstream turbines by the downstream oo
turbines. s
‘Qf 0.8 4
£ Hu et al. (2014)
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Aerodynamics and Atmospheric Boundary Layer (AABL) Wind Tunnel
@ lowa State University

\ﬁ‘ Atmospheric Boundary
Layer Wind

AABL (Aero/ABL) Gust Tunnel
*  Aero Test Section: 8 ft by 6 ft [110 mph]
*  ABL Test Section: 8 ft by 7.25 ft [85 mph

i ' D H d pole d nacelle a a al A2
Parameter (mm) | (mm) | (mm) (mm) (deg.) (mm) | (mm) | (mm)
R
v
& T Dimension 280 225 18 18 5° 78 15 50
fa ¥ G

v

1:320 scaled model to simulate a 2MW
wind turbine with 90m rotor blades

ERS-100 tu;'bine blade design by TPI IOWA STATE UNIVERSITY



Experimental Setup to Study Wind Turbine Aeromechanics
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Measuring locations
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Wind Turbine Failures

Accidents in year

Year

Caithness Wind Farm, UK
http://www.caithnesswindfarms.co.uk/
(202 WT in operation + 198 in construction)

Total number of accidents: 1405
*  Human fatalities & injuries: 136+145

* Blade failure: 265
e Fire: 202
* Structural failure: 138
e Ice throw: 34

» Transport: 113
» Environmental (bird death): 128
e Others: 282

m_ IOWA STATE UNIVERSITY
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Wind Loads Acting on Various Components of Wind Turbine
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Wind Loads Acting on Wind Turbine at Different Phase Angles

Power (kilowatts)
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Rated output power -‘ Te
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1o |
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Thrust Coefficient, Cy

Dynamic wind loads of SRINT and TRWT models

1.2
[ — Instantaneous Measurement Data

| === Time-averaged Thrust Coefficient C;=0.346, ¢=0.123
1.0

bt
)

Thrust Coefficient, Cr
o
=)

bt
=

0.2

0.0

Time (s)

SRWT

— Instantaneous Measurement Data — Fx
--- Time-Averaged Thrust Coefficient €;=0.401, 6=0.215 T OSpU?Iﬂ.RZ
_ M
" 05pUl R’ H
1 N N \2
o=v ZI: (C,-C))
Where
Fy----- Force acting on
streamwise direction
R ----- Radius of main rotor
LI : C. - Time-averaged
20 40 60 80 100 120 J o
The(E) coefficient
SRWT TRWT
Mean thrust coefficient, C, 0.346 0.401
The standard deviation of the thrust
o f 0.123 0.215
coefficient, o,
Mean bending moment coefficient, C,, 0411 0.475
The standard deviation of the bendin
/ 8 0133 0.324

moment coefficient, o,

* ~ 15% increase in time-averaged wind loads.
* up to 140% increase in the fluctuating amplitudes of the
instantaneous wind loads.

IOWA STATE UNIVERSITY



*  The aeromechanic performance and wake characteristics of a novel twin-
rotor wind turbine (TRWT) design, which has an extra set of smaller,
auxiliary rotor blades appended in front of the main rotor blades, was
evaluated experimentally, in comparison with those of a conventional
single-rotor wind turbine (SRWT).

*  TRWT design was found to be capable of not only harvesting more energy
Jrom the same incoming wind by reducing the root losses of the main
turbine rotor, but also improving wind farm efficiency by mitigating the
wake losses for the downstream turbines through enhanced turbulent
mixing of the turbine wake flows.

*  The dynamic wind loadings acting on the TRWT model were found to be
much greater (i.e., ~ 20% increase in time-averaged wind loads, up to
140% increase in the fluctuating amplitudes of the instantaneous wind
loads) than those acting on the SRWT model.

*  While the findings derived from the present study are helpful to gain

further insight into underlying physic related to aeromechanic

characteristics of TRWT, more comprehensive studies are still needed SRWT TRWT
(e.g., Reynolds number effects, fatigue loading reduction, cost analysis,...

) to explore/optimize design paradigms for higher power yield and better

durability of wind turbines.

sl B . 51 Univrsiry
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