exercise session 6

exercise session 6

Rachel Leuthold and Moritz Diehl
Wind Energy Systems, Summer-Semester 2018

Albert-Ludwigs-University, Freiburg, Germany

UNI

Mawesco

Airborne Wi nergy

FREIBURG

July 18, 2018

Rachel Leuthold 1



concept questions

homework

questions from you for me
m a summary of lift and drag
m a summary of the blade elment momentum method

m tower dimension considerations
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let's play a game...

concept questions!
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where is the rotor angular velocity constant?

power

I A 1IB e [ v

wind speed

a) I, A, 1IC, 111, IV c) I, 1B, IV

b) I, 11B, lIC, IV d) I, I, IV
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where is the rotor angular velocity constant?

power

I A 1IB e [ v

wind speed
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where is the blade pitch constant?

power

I A 1IB e [ v

wind speed

a) I, A, 1IC, 111, IV c) I, 1B, IV

b) I, 11B, lIC, IV d) I, I, IV
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where is the blade pitch constant?

power

I A 1IB e [ v

wind speed

a) I, A, 1IC, 111, IV c) I, 1B, IV

b) I, 11B, lIC, IV d) I, I, IV
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if there were NO TETHER DRAG

and UNIFORM WIND FIELD...

where would the kite fly? a) 1000 m altitude with long
tether

T N\ b) 1000 m altitude with short
v tether

c) 100 m altitude with long
tether

d) 100 m altitude with short
tether

e) 10 m altitude with long
tether

f) 10 m altitude with short
tether
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d Energy: Basic Concepts and Physical Foundations

of vw with the total aerodynamic force F, that the wing experiences and the
juct of Vw

vides an easy way for creating a large scale system with many medium sized wings prod ke angle y between the direction of thisforce and the wind:
cosine o]

stacked one above the other, sce the left side of Fig. 1.5. Power could be generated
via Pumping or in other ways [6]. Care needs to be taken, however, with regard to the . Pt = vaFacos. 13
_j is si thought experiment, as
intuiti f this simple fact can be based on a o

e ;:wf :; we imagine that the airmass is a rest while the ground anchor
Vis'uahwj mnirli;n;e wind energy device is mounted on a tractor that moves with a

i against this airmass. The resistance of the airborne system causes

e SI:dc namic force Fy that has a horizontal force component parallel to the
Lo mroi of ize Fycos y. This force s directed against the motion of the tractor,

b mne‘chmical power that the tractor needs to maintain its speed is given by

o u:; Extending the thought experiment such that not only the tractor, but the

cosY.

A
vwFa 7 i i i d pushed by a magic force, it is
moving against the air mass and pt . r
;g wli‘::emiu;n:ds;rsnc powegr formula still holds for the work done by this magic force.
g

yet.

Lighter than Air Systems

WWhile most airborne wind energy systems rely on acrodynamic Iift in one form or
the other in order to keep the system airborne, a few systems rely on aerostarie life sy :
) . - di fixed ground and a moving airmass is due

dity of the same formla for a fixed ¢ |
;?:t,:aal;ugalence of inertal frames; in reality, the magic force moves the airmass
relatively to the ground, and is caused by the presence of high and low air pressure
regions. O

Wwhich is partly directed in vertical dircction, largely dominates the weight of any
airborne wind energy system; thus, the advantages of lighter than air systems be-
come obsolete when they do generate power.

Two of the lighter than air systems that have been realized in recent years, the
systems by Magenn power and Altaeros Energies mentioned carlier, both use on-
board power generation with the additional weight burden of the electrical generator.
To the best of the author’s knowledge no crosswind kite power systems exist in this
class; their large volume constitutes a fundamental design limitation for achieving
high lift-to-drag ratios.

Vw

1.4 Fundamental Physical Limits of Airborne Wind Energy .
Fig. 1.4 Thought experiment from the proof of Lemma 1.1. A tractor moving at spreq’v;“-m
pulling a wing through air a rest performs a mechanical power of v cos 7. Conversely. f t .
moves and the tractor i at rest, the same amount of power s extracted from the relative motion o
the air with respect to the ground. It constitutes the power Puing lost by the wind field due to the
Presence of the wing.

A simple conclusion from the lemma, that gives an upper bound on the usable
Power, is that no device can extract power from a constant wind ﬁel_d if it does not
exert a horizontal force ‘component against this wind. Most AWE devices have some

presence of the device.

ta P\;L)Q,: Qg,j%eq}
»é):;«)!./s‘
14

Lemma 1.1 (Power Extraction Formula). Regard a constant wind with Speed v,,.
The total power Puig that a flying wing extracts from this wind field is given by the

losses, and most exert a force on the ground anchor point that is not parallel xﬁ -
wind direction. In analogy to a similar expression in solar power, we might cal
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if there IS TETHER DRAG
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about the homework

Exercise 1: control ex. 1

bi Rohit Gupta

b ii Daniel von Kutzleben
b iii Pankajkumar Kadam
c* Irene Franzetti

di Hsin Chen

dii Paul Daum

d iii Aksel Pettersen

e Daniel Stiirmer

ai Mukund Wadhwa
aii Suwanto S

aiii Sirin Alibas

* with some pseudo-code, please...

exercise session 6 Rachel Leuthold 15



concept questions

homework

questions from you for me
m a summary of lift and drag
m a summary of the blade elment momentum method

m tower dimension considerations
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a summary of lift and drag

lift

drag

coefficients

explanations

direction

a trend

exercise session 6

¢¢ (2D) and Cv. (3D)

circulation of flow or Bernoulli

perpendicular to u, and span

roughly sinusoidal (linear for
small )

Cd (2D) and CD (3D)

pressure differences around
bluff bodies, skin friction,
three-dimensional  'escaped
flow" (induction), ...

parallel to u,

roughly parabolic

what do you want to talk about?
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a summary of BEM

blade element expression decompose the forces experienced by rotor
annuli into radiat, normal, and tangential direction.

momentum expression rate of change of axial and angular momentum
goal: find the wind velocity (with induction!)

main assumptions :

flow through annuli: in steady equilibrium, uniform in each annulii, and
in independent streamtubes

normal direction aligned to wind axis
force distributed uniformly over each annuli

radial components negligible — lightly loaded rotor.
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tower dimension considerations

main constraints:
bending stress less than material yield stress (with safety factor)

operational frequencies avoid tower (and other associated subsystem)
natural frequency(ies)

design driver:

lifetime cost = materials 4+ construction + transportation + operation +
maintenance + decomissioning
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