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Can | make “morphing blade”simple?

| \‘1
“Everything should be made
. assimple as possible, byt

|
.~ hot simpler” — A Einstein i
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A simple method — test case

* Objectives:
 Minimize the thrust fluctuations
« Keep constant the average power generated
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A simple method — model setup

« The blade morphing reduces the effective angle of attack
« We model the blade flexibility using a torsional spring
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A simple method — model equations

A. Quasisteady model:

My (U, o) —: 0

\ Spring reaction /B Rotor plane

B. Unsteady model: Damping 0 =6y + 00
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A simple method — linear equations

Average flow
Angle of attack
1 fluctuations
MhS(U, Oé) = 5,0(]202 [CM,Q (Oéo + 504) + CM’O
B. Unsteady model: Theodorsen’s theory /

s | /1 d | d\’\ %
Mhd(U,Oé,k) :pb /s 5 — g Uoa+ b g 00

A. Quasisteady model:

Pitch acceleration

Pitch rate
1 d :
+1 U*c*C C’(lc)éoz—k1 U?c® [Chr.a00 + Caro]
Reduced frequency: oF M, 9P M,a@0 T &0,0]
mfc
k= Nid —— Average flow
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A simple method — optimal solution

1. Blade deflection and loads are computed for every timestep

2. Thrust and power are evaluated

3. The optimal spring is found by exhaustive search:

o Test different spring stiffnesses

o Select the spring that minimises

the fluctuations of the thrust ~  -----1--- NEC— AT
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Results

Rigid Morphing I 1
0.9
Cr
maX(C'T)
0.8
0.7

futureWind&Marine 2020 — Gabriele Pisetta



Fluctuations ACRrpuM

ReS U ItS % mean Crpm % reduction
Rigid blade 18 _
Mgy Morphing - QS <05 98
Morphing - UN <3 03
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Conclusion

« Morphing blades allow considerable load alleviation,
no loss of power output

« Simple, clear model:

o Underpins the basic principles of load alleviation by morphing blades

« Small amplitude fluctuations for morphing blades: linear theory
provides accurate performance predictions

Gabriele Pisetta,
gabriele.pisetta@ed.ac.uk
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Centrifugal moment

Section ZZ/
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A simple method — model equations

A. Quasisteady model:

Mys(U, ) — k6 = 0 Mys(Up, ag) — k6 =0
Average inflow: 0, = Mhs(U()a 04()) Preload
U — U() K

¢ o 0 =0, + 60

Generic inflow:

U=Uy+oU —thS(U,Oé())—FéMhS(U,(SOé)—/119:()

O = Q0o T Y’ Linearised form
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A simple method — solution procedure

A. Quasisteady model:

1L OMys(U, ) — kd6 = 0
2. 0o = 0 — 00

3 L = 2pU?cCr (ap + da)
| D= LpU?cCh (ap + da)

T — LCOS¢ 1 Dsin¢ Inflow angle
4.
P =wr(Lsin¢g — D cos ¢)
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A simple method — solution procedure

B. Unsteady model:
1. dMya(U, dc, f) — k60 — udf + M, = J 56

» 0¢ = Agexp (iwt) ——> 00 = Af exp (iwt + x)
560 = iwdh. 60 = —w?56

1 d

3. L =mpb? [U&i —b (%) 59] + 2mpUb*C' (k) (5 -~ E) 56
1

+ 5pUe[C(k)CL(0a) + Cr(ap)]
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Inflow fluctuations

« Sinusoidal approximation —Shear flow

— Sinusoidal |

o Same average value 6.5 !

o Same amplitude
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Inflow fluctuations

« Combined effect of inflow velocity and angle of attack
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