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Senest red: 22/4-2013

Hvorfor er vindmgllevinger snoede
eller twistede?

Tip

Swepl Area
of Blades

For at forsta det, ses pa denne illu-
stration, som viser en vinges vej
igennem luften.

Roat

Vingens hastighed rundt om vingen
er stgrre jo leengere man kommer
veek fra navet.

Formel ??

Beregnes ::

Higher pitch
near root

Lower pitch
near tip

! Se ppt ( for bgrn ) : http://www.kidwind.org/Presentations/Wind TurbineBladeDesign..March.08.ppt#256,1,Wind
Turbine Blade Design
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Ser man pa en vindmglle fra vindsiden, ser man,
at vingerne er “’skrd” taet ved navet, og rettet
mere op i omdrejningsplanet leengere vk fra
navet ud mod vingespidserne.

Ratation
Eeoction to

deflection

Laengst inde ved navet er vinklen stejlest i for-
hold til vinden, og jo leengere udad man bevee- 1

ger sig, jo mindre stejl bliver vingen. /
Drag

Leengst ude pa vingen flugter vingen naesten
med drejeplanet.

Apparent wind |
PP / Head wind

Real wind

7 1~
I 7
I /

Blade Butt

Se linket:  http://www.thaitechnics.com/propeller/prop intro.html

Her et eksempel pa vind oplevet pa en cykeltur.

Pa illustrationen af cyklisten ( fra oven ) viser et blat flag vindens retning,
sadan som den opleves.

Vinden kommer ind fra hgjre side.

Jo hurtigere, man cykler fremad, jo mere vil vinden opleves at komme
forfra.

Sidevind / relativ vind:
Fra: http://www.aerostudents.com/files/sustainability/WindTurbineTechnology.pdf
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Real wind (R}
+ head wind {H)

@ = apparent wind [4)

(R) (A)

Fra: http://learn.kidwind.org/files/manualssf ADVANCED BLADE DESIGN MANUAL.pdf

View looking along blad:

G e
(Wind I\ Tip moves fastest

speed)

| QR Tip speed
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At the tip, the
blade is almost
perpendicular
to the wind
due to the

i high speed

i caused by
rotation,

Lower speed near
hub

|
i
|
i

Q
Rotational
speed

Near hub (or
center of
blade),
blade Is

-+ oriented

o more

¢ towards the
i wind , since
speed due to
rotation is
less.

http://people.bu.edu/dewl1/turbinecomponents.html

Vindens relative — eller oplevede — hastighed er
den geometrisk sum af vingehastighed og
vindhastigheden.

&

inge

— 2
VRelativ - \/Vvind +

http://www.thebackshed.com/windmill/PropellerBlades.asp

Det samme gar sig geldende for en vindmglle-
vinge.

Chory
. Direction
/ ~ of travel
ﬁ} Angle
Relative Wind 5 Of
Direction Attack
Actual
Wind
Direction
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Se side med en interaktiv mulighed for at justere ~ Zswyefrom coners 472 .
pa vingeleengde og vindhastighed: T
http://www.flapturbine.com/blade_pitch.html

Wind Speed : [14.555

En airfoil agerer som en flyvinge

a Wind direction
Rotation

S

Wind direction

= Radius V= Wind velocity
W = Relative velocity [ = Angle of incidence
U(or) = Blade velocityatr  a = Angle of attack

T(dr)=Thrust at r
R(dr) = Reactionatr

Vingens hastighed stiger jo leengere man kommer ud mod spidsen. Den er ca. 200 km/h ude ved
spidsen. Dvs. vingens hastighed ’pé tvaers” af vinden er ret stor.

Hele vingens lzengde skulle gerne bruges til at give kraft til drejningen.
For at preve at danne sig et billede af forholdene, vil vi her prgve at opfatte en vindmglle som en

skibsskrue, der skal skare sig gennem vand. Eller gennem et bassin fyldt med sirup, eller margari-
ne. Eller som en proptraekker.
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Vi lader margarinen blive stationzrt i bassinet, og vindmagllen, - skruen — bevager sig fremad gen-
nem margarinen med konstant hastighed. Pa den made bliver det lettere at forsta hvad der sker.

Propellen laver en slags spiralbevaegelse gennem margarinen:

Propeller Path
http://www.thaitechnics.com/propeller/prop_intro.html

Figuren viser hvordan en vinge “’skruer” sig

_ gennem luften. ( Her en propel )
/ / /7\ Vinge-Spids-vortic er 0gsa vist.
\_/\_/

http://www.jaocc.net/doks/Spor%20A%20-%200ptimering%2009%20modelberegning%20af%20vindmoeller%20-
%20Jens%20Noerkaer%20Soerensen%20-%202009.pdf

Ved 1 omgang skal vingen beveege sig x meter fremad. Det ma galde bade teet ved navet, og ude
ved spidserne.

Ved vingernes spidser er vingens hastighed gennem margarinen stor. Spidserne har mange meter
hele vejen rundt. Derfor skal de ikke ret langt fremad, for hver meter, de beveaeger sig rundt i
cirklens omkreds.
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Altsa: Jo leengere ud, man kommer pa vingen, jo mindre stejl skal haeldningen veere for at skere sig
samme streekning fremad i margarinen for 1 omgang.

| det fglgende regnes med 1 omgang. Og streekningen fremad i margarinen szttes til X meter.
Den lengde, en vingedel tilbageleegger pa 1 omgang ma vaere 2-7z-r

Tegnes X opad, og omkreds ud mod hgjre, svarende til situationen set fra navet og ud mod spidsen,
kan felgende tegning fremkomme.:

A
>

o

et
oIl

Omkreds

X er opad, og omkreds, = 2-z-r er udad x-aksen.
Ud fra huske-remsen:

Cos = Hos/hyp

Sin = Mod / Hyp
Tg =Mod / Hos
Fas:

¢= tgl[ j
Vinklen ma vere 2-m-r

Indrettes vinklerne for en vindmglle saledes, vil vinden give samme kraft hele vejen ud langs vin-
gen. Ved en given vindhastighed, dog.

Ovenstaende beregningseksempel er blot til at forsta hvorfor vinger skal veere snoede. | beregnin-
gerne er der ikke taget hgjde for vingespids hastigheden i forhold til vinden, ej heller til rotorens
omlgbshastighed, og den vindhastighed, der gnskes anvendt som den mest generelle.
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Her er genglvet en tabel, hvor TABLE 1 - TWWI ST AND BLADE ANGLES FOR AMWVIMD TURBINE WITH A TSR OF 4.5
: Tuwist Angle
der er b?regnet TWISt Angles {fram plane of{Angle of  [Blade angle (from
for en Vlndmﬂllevmge: % of radius rotation = Attack plane of rotation =
frorm centre |Speed Ratio [arcot SR (degrees) |TA- AAdegrees) |Motes
5 0225 773 4 73.3|Blade angle is

10 .45 5.5 4 51.77 |measured from
15 0.675 56.0 4 51.98 plane of rotation
20 0.9 45.0 4 A4 |to chord of blade
25 1.125 1.6 4 3763
30 135 365 4 3252
40 1.8 29.0 4 25
a0 225 24.0 4 19.96
G0 27 203 4 163
70 315 17.6 4 136
a0 36 15.5 4 11.52
a0 405 13.8 4 98
100 4.5 12.5 4 8.52

http://www.thebackshed.com/Windmill/articles/DonBrownl.asp

Regneark:

Se evt regneark med beregninger af twistangle for mgllevinger:

Bladedesign.xlIs, Bladedesigner_1.xls, Propeller forming Block.xls, blade-calculator.xls.

Der mangler om omdrejningshastighed!

Tip Speed Ratio - this is the ratio between the wind speed and the turbine blade tip speed, and is the
starting point for designing the turbine itself. The optimum TSR band changes with the "solidity" of the
turbine disc (i.e. how many blades it has).

When operating at its design TSR, maximum power can be extracted from the wind. As the actual TSR
shifts above or below its design point, the available power decreases substantially. A turbine with a single
blade (and a counter weight on the other side) might be designed for a TSR of 10 to 15. As you add blades,
the optimum TSR decreases, and a 3 blade turbine will work most effectively with a TSR in a band between
4 to 7. The typical multi-blade farm "windmill" pump operates at a TSR of less than one. For a 3 blade tur-
bine with a 2 metre diameter and a TSR of 4.5 in a 5 metre per second wind, the optimum tip speed would
therefore be 5 X 4.5, or 22.5 metres per second. This translates to a turbine shaft speed of 215 rpm. For a
20 metre diameter turbine, the rotational speed would be only 21.5 RPM to maintain the same TSR. These
low speeds do not suit most alternators or generators and, in the case of the 20 meter turbine, would cer-
tainly require stepping up by a gearbox.

Note also that, if the wind speed doubles, then the turbine speed must double to permit maximum power

to be extracted.
Indsat fra <http://www.thebackshed.com/Windmill/articles/DonBrown1.asp>
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(fra en ret god side med udferlige
forklaringer )

Pl spaed spaed

http://www.qgurit.com/files/documents/2 aerodynamics.pdf

http://www.mh-aerotools.de/airfoils/jp users manual.htm

Vinge: http://www.thebackshed.com/windmill/PropellerBlades.asp
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Tip rounded off 10
minimise tp losses

/ Radius (R)

Rotation

Sammenlign med :: http:/digital.library.okstate.edu/OAS/oas_htm_files/v56/p121_124nf.html

Seg: windmill Blade Angle twisted

Se kompendium om eneraqi i vinden!
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