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Introduction

« BEM, LLT - blade is not a
surface but a line

* Angle of attack
represented at
1/4-chord point

* Inductions at trailing edge > leading edge

 Downwash induced by the free vortices causes
curved streamlines along the chord
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Induction from the wake =
Semrre
ST o =
ic/a Wi /,,_««(g' -
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Decambering

In the tip region, the flow is pushed
downwards at the trailing edge as
a result of strong vortex induction
from the tip vortex

Effect of the curved streamlines -
can be modeled by transfering yic 91
their curvature to the airfoil section
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urved streamlines N
representing the Additional downwash felt

additional downwash as negative bending
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The correction

Biot-Savart Law

_r (r1 +r2)(ri X 72)
A rira(rire + 71 - T2)

N N
Wik = E aijels, wjx = E bijil'i
i=1 i—1

Induced Cambering

B Wik — Wi.e/4
ik NVeerjllcosoy + uje — ujc/a

dn
dx

Thin airfoil theory

M
Wik — Wi cosf — 1
AC; =200 ( o /4)(_ — )
Vrer,jcosa; + (Ujk — Uje/a)

k=1
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The correction

Kutta-Joukowsky theorem is employed to correct the
circulation directly.

M
F = ECVTELCI AC{ i =98 (w.?k - wj,c/«il)(cosgk — 1)
- | N — Vrer,jcoso; + (ujn — ujac/él)
M
Af - c;
Al'z = d Wik — W; /0){cosf — 1
< COSQ; ki—:l( L 5.c/2)( )
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Circulation

Lifting line — planar wing

HE
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Optimum rotor blades
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Circulation

HE

1-Bladed Rotor
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Circulation

2-Bladed Rotor
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HE

3-Bladed Rotor
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Wake length dependency
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Normal force [N/m]

NREL 5MW Rotor @8m/s
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Conclusions & future work
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Decambering effect is stronger on trapezoidal shaped
blades. ~10% circulation change on a 3-bladed optimum
rotor

For NREL SMW rotor, it is found that the new correction
only has little influence on performance (~1%) and
relatively high influence on thrust (~7%)

AL implementation

More efficient model with respect to numerical
implementation.
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