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Tower Flange Design Considering Vortex Shedding
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Abstract : In the case of wind turbine design, Optimization of tower structure
is very important because tower generally takes about 20% of overall turbine
cost. In this paper, we calculated wind loads considering vortex shedding, and
optimized tower flange using the calculation results. For optimization, we used
FEM to analyze structural strength of the flange and blade momentum theory to

calculate wind loads.

Nomenclature

V : wind speed, m/s

Re: Reynolds Number

fs :Vortex shedding frequency, Hz

St : Strouhal number

D : Cylinder(Tower) diameter, m

H : Tower height, m

n :Tower natural frequency, Hz

E : Young's modulus, N/m?

1: Moment of inertia (area)

M : Bending moment, Nm

ny : Number of bolt around flange

M. : Mass of wind turbine nacelle, kg
Muower : Mass of tower, kg

D. : Effective stress diameter of bolt, m
Dy, : Bolt head diameter, m

Tr: Thickness of flange, m

subscript

WTGS : wind turbine generator system
IEC : International Electrotechnical Commission
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2.1 Vortex wake of a stationary
circular cylinder
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2.2 Tower Natural Fregquency
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Fig 1. Strouhal number vs. Ratio between tower
height H and Tower diameter D.

2.3 Flange Connection
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Fig 2. L-type flange connections
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Fig 3. Effective Stress area of Flange
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3.1 Vortex shedding
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Table 1 Tower 1st Mode Frequency
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Fig 4. 1st Mode Shape of Tower
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Factor Value K| S| R ERle] DRRISS s
Nacel le mass, Muaceiie(KQ) 53,000 1800
Mid Flange Thickness, T; (m) | 0.06 T |t
Tower Mass, Miower (KQ) 58,900 140 MRS
Young's modulus 2.05E+11 1200 Sy
Average Diameter (m) 3 o 100 mas: Lk
Average Thickness (m) 0.03 Egg el
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Fig 5. Thickness of Flange vs. Tower Frequency
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Fig 6. Thickness of Flange vs. Critical Wind
speed

3.2 Flange Connection
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Table 2 Extreme Loads on Flange

Load Case 6.1
Mx (kNm) 11,393
My (kNm) 1231.2
Mz (kNm) -724
Fx (kN) e8]
Fy (kN) 552
Fz (kN) 561
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