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sIRTA

* A I'échelle météorologique, I'atmosphere se

divise en 2 régions :

* La Stratosphére (z>11-12 km)
* peu de mouvement d’air

* La Tropospheére (0<z<11-12 km)

* Région ou se produit tous les phénomeénes

météorologiques

Exosphére
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e Contient entre 80 et 85% de la masse totale de Rayons

I'atmosphere
* Contient presque toute I'eau atmosphérique
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The Sun heats the
equatorial regions much
more than the polar
regions. In response to
this, three cells develop.

The Earth rotates so air
traveling southward from
the north pole will be
deflected to the right. Air
traveling northward from
the south pole will be
deflected to the left.
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Caractéristiques du vent Wind Speed
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Sous-couche rugueuse et hauteur de rugosité zo

Sites caractéristiques Classes Ede Z, (m)
rugosité
Grandes étendues d'eau (mer, océan, lac) I de 0,001 a 0,01
Rases campagnes, aéroports I de 0,01 a 0,10
Zones faiblement urbanisées, bocages 1] de 0,10 a 0,50
Zones urbanisées, industrielles ou forestieres AV de 0,50 a 1,50
Centres des villes V de 1,50 a 2,50
56 - : o
Drobinski et al. (2007) ©
42 Measured profil —_—
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~
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Mesure du profil
vertical du vent sur un
mat de 30 m

Mesure du vent par lidar
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Mesure du vent par
anémométrie sonique
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e & _Tour en treillis

Instruments installés :

- a 90 ° par rapport au vent
dominant

- a 6 diameétres de la tour

_ Tour tubulaire

1 Instruments installés :

| - a 45 ° par rapport au vent
dominant

- a 8.5 diametres de la tour

Mat méteorologique de 30 m
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Principe de la mesure ultrasonique
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A = |JF

Emetteur

Impulsion Récepteur

| | = |IF

Emetteur Impulsion (VS)

Trajet aller :
D=(Vs+Vv) t1 (Cas 1)
Trajet retour :
D=(Vs-W) t2 (Cas 2)
= Vs : calculde T et Hr

= Vv:u,vetw: 3D

- t1 et t2 sont des grandeurs mesurées par le
systeéme.

- D est une grandeur connue par fabrication.

Cas n°1: Composante du vecteur
vent sur l'axe de mesure.

/] N

N\ /

Récepteur

| | = [IF

Emetteur

Cas n°2: Composante du vecteur
vent sur I'axe de mesure.

/] N

Impulsion (VS)  Récepteur .
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Windmills
used as a
grinding mill

In Europe, first
windmills used
as pumps.

Charles F. Poul la Cour Johannes Juul
Brush (USA) develops several buids the Gedser
builds first experimental windturbine,
windturbine windmills and precursor of the
producing conduct research modern
electricity. in wind tunnels. windmills.

First half of XXt century, windmills confronted to tough
competition with fossil fuel power plants and the national
electricity network. Because of the lack of coal and petroleum

during the world wars, wind power production remains used.
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0,4 kW

Atelier CLE, 12/04/2017 12/22



Institut

Pierre
Simon
Laplace

SIRTA

The main rotor shaft is arranged vertically:
—>does not need to be pointed into the wind to be
effective (advantage on sites with highly variable
wind direction).

—>generator and gearbox placed near the ground
(more accessible for maintenance).

Drawbacks are that some designs produce pulsating
torque.

Rotor Darrieus Rotor Darrieus H Rotor Helicoidale
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— Wind turbine regulation - extremely variable: definition of wind turbine zones, wind
energy price, constraints (environmental protection,...).

— Wind turbine production within the national electricty network

e When the turbine produces more power than house needs, the extra electricity is sold to the
local utility (EDF in France). The electricty price is set by the local utility.

e (Capacity factor: one element in measuring the productivity of a wind turbine. It compares the
plant's actual production over a given period of time with the amount of power the plant
would have produced if it had run at full capacity for the same amount of time.

Actual amount of power produced over time

Capacity Factor =
Power that would have been produced if turbine
operated at maximum output 100% of the time

A wind plant is "fueled" by the wind, which blows steadily at times and not at all at other
times. Although modern utility-scale wind turbines typically operate 65% to 90% of the time,
they often run at less than full capacity. Therefore, a capacity factor of 25% to 40% is common,
although they may achieve higher capacity factors during windy weeks or months.
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Power curve
P" = % pU’A (kinetic energy per unit of time |
through surface A) U

280 —
240 — . !
4 The power is normalized to a reference air
200 — density (typically at 15°C)
= 5 Rated power
5 e
g =
8 a0 —: Pn(U) Cut-out wind speed
80 — Cut-in wind speed
40 _— —— Stall-regulated turbine
4 - - - Pitch-regulated turbine
0= I I | | | el
4 6 8 10 12 14 16 18 20 22

Wind speed, m/s
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e The total energy available in the wind through a surface A is:

P" =(1/2)pAU’

e Wind turbines extract energy by slowing down the wind (it however cannot extract
the total energy available in the wind otherwise it would need to stop 100% of the
wind; see Betz law). The energy produced by the wind turbine is thus:

P, =(1/2)C pAU’

* The coefficient of power of a wind turbine C, is thus a measurement of how
efficiently the wind turbine converts the energy in the wind into electricity

C - P"  Energy produced by wind turbine

P P"  Total energy availablein the wind
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® The idealized Betz law

Albert Betz derived in 1920 a theoretical etficiency limit for hydraulic turbines
(both wind and water turbines). The main assumption are
1. idealized fluid: we neglect viscous or turbulent dissipation;
2. steady and uniform tlow: we neglect spatial and temporal velocity
variations;
3. barotropic fluid: the tluid density remains constant.

Streamlines bounding the
flew passing through the turbine o

>

Swept area A Wake

'g'_ -

W
Pe |

0 _‘x—\\‘\\

—

1 T

The theoretical efficiency limit is | C,=16/27~0.6
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Betz 59% limit

Ideal propeller
prop High speed
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American Darrius
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Onshore

Offshore
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Wind resources! at 50 metres above ground level for five different topographic conditions Wind resources over open sea (more than 10 km offshore) for five standard heights
Sheltored terrain? Open plain? At a sca coast? Open sea® Hills and ridges® 10m 26m 50 m 100 m 200 m
ms—’ Wm-? ms=! Wm~? ma-! Wi—? my—! Wimn—? ms~! Wm ? mst Wm? | ms~! Wm~2 | ms~t Wmn -2 ms! Wm 2 ms-! Wm -2
= 6.0 >260 | >75 =600 | »85 5700 | >90 >800 | =115  >1800 ~80  ~600 | =85 =700 | =90 =80 | =100 ~1100 | =11.0 1500
5.0-6.0 1560250 | 6.57.5 300500 | 70-85 400700 | 8.0-8.0  600-800 [10.011.5 1200-1800 7080 350600 | T.5.85 450.700 | 8.0-00 600-800 | 85-10.0 6501100 | 95.11.0  900.1500
4550 100160 | 8565  200-300 | 60-1.0 250400 | T.0-80  400-600 | 5.510.0 7001200 6.07.0 250300 | 6575 00450 | 7.0-80 400600 | 7.5- 8.5  450- 650 | 8.0- 95  €00- 600

| 5545  50-100 | 4555 100-200 | 5060 150250 | 55-7.0  200-400 | 7.0- 85  400- 700 4660 100250 | 5.0-65 150-300 | 5.6-7.0 200400 | 6.0- 7.5 250- 450 | 65- 8.0  §00- 600

<38 < 850 <45 <10 | <50 <150 | <55 <200 <70 < 400 <45 <100 | <50 <150 | <55 <200 <60 < 250 <65 < 300
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Classes of wind power density at 50 m
from the Batelle Wind Energy Resource
Atlas.
* Vertical extrapolation of wind speed
is based on the 1/7 power law.

M(Z) = Mref i
Z

ref

* Mean wind speed is based on the
Rayleigh speed distribution of
equivalent wind power density.

k(M MY
Pra(M)=—| — |exp| - ~

C\C

1 500 km

Wind resources' at 50 metres above ground level for five different topographic conditions

Sheltered terrain® Open plain® At a sea coast? Open sea® Hills and ridges®
ms~! Wm—2 ms~! Wm~2 ms-! Wm~—2 ms—! Wm~—2 ms~! Wm~?

> 6.0 > 250 > 75 > 500 =85 > 700 >9.0 > 800 >11.5 > 1800
5.0-6.0 150-2560 | 6.5-7.5  300-500 | 7.0-8.5  400-700 | 8.0-9.0 600-800 | 10.0-11.5 1200-1800
4.5-5.0 100-150 | 55-6.5  200-300 | 6.0-7.0 250-400 | 7.0-8.0 400-600 | 8.5-10.0  700-1200
| 35-45 50-100 | 4.5-55 100-200 | 5.0-6.0 150-250 | 5.5-7.0 200-400 | 7.0- 8.5  400- 700
<35 < 50 < 4.5 < 100 < 5.0 < 150 <55 < 200 < 7.0 < 400
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Caractéristiques de I'éolienne

=y installée au SIRTA P éolienne au SIRTA
m—” Jean-Charles Dupont (jean-charles. dupent@ipsl.polytecnique.fr) S ' R TA

o —————— Jean-Charles Dupont {jean-charles.dupont@ipsl. polytecnique.fr)
“ He N ST BETRONTAL 3T K02 OFCE -
e op g b M-C. Gonthier (IPSL), J-L. Queri (EDF) ol TRLGEEHN ATYOSIDEU A. Faucheus, Y. Lelranc (CEREA)

Evaluation de la ressource ‘.-:"'eDF

OBJECTIFS — ENJEUX

l'observatoire atmosphérique SIRTA (http://sirta.ipsl.fr/) posséde un dispositif instrumental complet permettant de
documenter trés finement la ressource éalienne sur le campus de I'Ecole Polytechnique, Des technalagies complémentaires
de télédétection active (lidar Doppler, sodar, radar UHF} ou encore de mesures in-situ ([anémométres a augets ou saniques)
permettent de mesurer les champs de vent 30 de la surface a plusicurs centaines de métres d'altitude. Ce poster se focalise
spécifiquement sur les vents jusqu'a une altitude de 300m. I
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RESULTATS - COMPARAISONS

Base de données totale Aout 2014 -Aout 2015

RESULTATS — CARACTERISTIQUES DE I’'EOLIENNE

Courbe de puissance de I'éolienne Courbe du coefficient de puissance de Féolienne Définitions / Notations
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1. Comment évolue le vent sur la verticale ? Pourguoi ?
2. Comment peut-on le paramétriser ? Quelle précision ?

3. Quel impact sur la ressource éolienne ? Quel potentiel sur
I'Ecole Polytechnique ?
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