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Performance Advantage of Downwind Turbines in Complex Terrains
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Shigeo YOSHIDA

Abstract

Downwind turbines have smaller misalignment toward upflow wind than upwind turbines, because of their tilt
angles. It indicates the former produces more energy in complex terrains, where upflow wind is dominant in general. The
performance advantage of downwind turbines in upflow wind was validated through wind turbine simulations and field
tests of a turbine in both rotor positions. Furthermore, a case study in a typical find farm in a complex terrain with eight
80m/2ZMW turbines in both rotor positions were carried out. It showed time and energy average inclinations were +6.0deg

and +7.5deg each, and the downwind turbines produce 7.6% more energy than upwind turbines.
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Fig.4 Normalized Power at Two Tilt Angles and Inclinations
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Table 1 SUBARU22/100 General Specifications

Rotor Position Upwind Downwind
Rotor Diameter 22m 22m
Rated Power 100kwW 100kW
Power Control Pitch Pitch
Speed Control Variable Variable
Tilt Angle +6deg —6deg
Hub Height 24m 24m
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Fig.5 SUBARU22/100 Downwind Configuration

with Front Anemometer
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Fig.9 Turbulent Intensity against Wind Inclination
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Fig.11 Normalized Power against Inclination
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Fig.13 Simulation Domain(Turbine #1-West to #8-East)

Table 2 Simulation Domain

X Y 7

Region 1,780m 1,260m 2,000m
Grid Width 16.2m 20.7m -
Points 81 81 31

QA=
ARFETEELLET v 77 0 o R DY 0 Rl
REORBEMAEEE Table 3 (2R, 22T, Fyr 0 F
BT E +E TR SUBARUS0/2.0 (Fig.14) Th b, —
H.T w7y v RRED, B#EE—OLETT v 7Y
42 FREE LR RETH D, MAREO H iR
% Fig 15 W7, Zhud, ELRHE 15%x=8El, F—
OREREEER L3022 b g DK DT
BRTHD, RTHSHE VBERETIVR, Fo Ly g
VRBREBIR A U —OBENKE VDL B — X OREEHE
B LTV B0 KRBT AHANT v 7 g
FEOH LS%ERERD L TWD,

(G)ELLARHT s R

8 HEIZRIT HBEOREMIIHT HEEL =X
— % Fig.16 (27 d, BRI EA L | =30 —F
YUK |- A 134 % +6.0deg & +7.5deg TH D Sz R
F—k LEUCEF LTV D I ERRINTN D,

Vol.32, No4

Fig.14 SUBARU80/2.0 Downwind Turbine!®

Table 3 Upwind/Downwind Turbines in Calculation

Rotor Position Upwind Downwind
Rotor Diameter 80m 80m
Rated Power 2000kW 2000kW
Power Control Pitch Pitch
Speed Control Variable Variable
Tiit Angle +4deg ~-8deg
Coning Angle Odeg +5deg
Hub Height 62m 62m
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Fig.16 Inclinations at 8 Turbines
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