;\]e3eMILhD6zT26%i" i ', .,, 2 g MAY 2003 Al oys Wbben, Argestrasse 19,
26607 Alrich REDUCTION IN THE NO SE PRODUCED BY A ROTOR BLADE GrgAsAf 2408
TURBI NE Rot or bl ades for w nd power installations are known in nany
different forns. In a wind power Installation the rotors or the rotor

bl ades thereof represent the main source of sound. For reasons relating to

acceptance and noi se prevention | aws, the ai mshoul d/ nmust be that of 5

mnimsing the | evels of sound em ssion as wi nd power instal i
often-also set up in the proximty of residential acconmobdat ("@W I‘ﬂmfmm"’@mel S
of sound em ssion which hitherto occur with a wind power ins a
wi nd power converter also mean that wind power installations aré'f4®ed with
resi stance from popul ated areas because of the 1o sound they produce and
for that reason such installations canlbe accepted sonetines V\m m
difficulty or not at all as authorities responsible for planni ﬂu W"”“'m,mn
refuse permssion for wind power installations because of the exi S.E'?O&g.

envi ronnmental requirenents, noise also being an environnmentally polluting
factor. 15 Many proposals have al ready been put forward for structurally
nodi fying a rotor blade of a wind power installation in such a way as to

2 9 IdAY 2003 2 afford a reduction in noise. By way of exanple reference is

made here to the documenprlisONoBBehsAFhcttREEAd, R dBOAAUriER2 367 or DE 196
14 420.5. However a reduction in nolse by virtue of structural nmeasures on

the rotor blade is possible only to a limted extent 5 Therefore the
objpect of the invention is further to inprove the noise em ssion of w nd
power install ati oREDUGTHONANJEHE NOISEFPROPUCBIRBY AROT@R BIDAPEt i S
attained by a rotor blade havi ng 0he WESDUIERBOSEC! ai m 1. Advant ageous
devel opments are set forth in the further clains. 10 The invention is based
on the reali f — i
partially provided with a fluid- and/or ice-repellent |ayer, the rotor

bl ade al so beconmes rougher. Therefore, instead of providing the rotor bl ade
wWith a coating conprising a coat of paint which inparts to the rotor bl ade

opposi te rhat i o detel HalHR, fIBACpoer S TRIDIRERE: are. Kol GhS Ry "°
respect of mdiffersint fotrse. InSeoind powerdastaliatishabekimtors dothexatsp!addom

| acquers or coatings which performthe functionality of the so-called
"l otus eff eclth?"esog FapreseRl shei mainpire’ Yneguidakifprt Brasesssplatieg. ta n

that respect aﬁ:gﬁnﬁ;a?&%éi 849d Y16 ﬁ&g?ﬁ@QHQ§st tHE ﬁl@n asrfdlﬂ‘&/rﬁﬁsﬂo%%n&meo%e q

conprises a Ki of bed of nail’s nano size. Those nanonails of
not only 5oughisimiging Kbeslevels of soundeemission asawind prowers hstalfatiansaateower

def or bl o 1 ANEREAISY SaG; dnntfe AFPRITRY otoresliertiel. SheelfiibchRiony, & ' °°
respect of theidls Sbf usduric, efliggion hevhidiashithéro e odbue oatthng Ofvirdl I Sdveér

bl ade. Thus the "l otus" coating on the rotor blade provides that the eddies
whi ch are fofatallafion ner t dpWindePayver neonVartsr RlsRiemeaan that  wintbpayver

checked by thigrafbliofd BHETALE Rith!RISRMELRBPPOBARKEN drdad BKEA I OFte

eddies of air so that over as been no € soun
pr oducedl@posoundaheprprofiucé@ndofosithbt sersanssuakdimstallations can be accepted

sometimes with difficulty or not at all as authorities responsible for

planning permission refuse permission for wind power Installations
because of the existing environmental requirements, noise also being an
environmentally polluting factor.

15 Many pro.posals have already been put forward for structurally
modifying a rotor blade of a wind power Installation in such a way as to



"2 9'MAY 20a3 3 The mcro-silicone paint "Lotusan" (trade mark of_ |spo GrbH,
a conmpany of the Dyckerhoff Group) may be mentioned as a self-cl%&r\ﬁ‘?ﬂgmm
coating.-er paint with which a considerable reduction in noise of a rotor
bl ade can be achi eved in operation. That #&icro-silicone paint is marketed 5
by the conpany under the article designation No 1950 and is described as

being dirt- and water-repellent. It is also possible for the coating to be
formed by a 8ffeEd agredustion inpRoisey B way plieramelarefgrerse soresgledhere to

wat errepel | e o= i J t i ihex eof )
are al so knO\j\!I/{%e ?ggn@%'%%g%?'%%{eﬁﬁﬁ%ﬁ%l 3!62%{§gq?§sg?i4g@d§'by way
of exanple with réfosvemerea tradBction da noiaadby .viftuguwfestruckural fmeasures en of a

wi nd power installation conpri.sjing a . rotar whjch carries three rotor bl ades
10. Figure 1t|3¢,59\1;°0_r6{>|%1¢,b6 E&?@qu 'Hﬂ%ﬁ)'m%]doﬁx‘i%}‘ge E-40 from Enercon. 15
Figure 2 gshows a YhapefoPe €hO DbjEQCH Bk RiveAtiBAris fAfthdr k8 Rprél@tife nbisecan

be seen in this respect that disposed on the surface is a coating 1 or a
covering whi emissionofawipdpavemiistallatiansapri si ng "nano-nails" 3. The

spaci ng A between - NAl kS LS, k ] t d 250
um and the hei ght Iéir}:\oecfcgftﬁ;%dr%ah}c@ngﬁ éﬁ\fésrnfonr{ %9%&2%%%@?%%& 33—0 out 2
and 250 um bhrienhavingaihlesfeatumasi sfeclbion lex Addphatdyebuspdedaloprnehysr@ressel

dur ably hydrg&?obi sed n%%eri lLs. Particularly good results for reducing the
sound produc&tRyNEtRe FUENSF cRiM§e are achieved if the nanonails are of a
hei ght of,bet ween 9 I trdali I i i ly 1n
t he rangieo of bet m@ﬁa@@gﬁgoﬁlgﬂgaﬁﬂqsézd;%'?hgﬁ‘%orgtﬁglsna;tﬂgfwﬂté Iféﬁgfg@rdacgb\%a{h a
m cro-si | i conetqrablade (it at keaatrpiactiallyoposvidey witboa iftud+ hedfwmisecneprtient hat

sur  ace Thi Beferieoratd” Biade (el SRR, MR cLThefroR lndedi e any

icing on thepbbdding Bielrercrtbindehwith anicoatingscomprisipgl & @dat F ipaghtywhich he
rotor blade but 30 onl ¥]Gin t he Iast third (as viewed fromthe rotor) of the
rotor bl ade Hn@artsytq tngavotagoblade; 9By £he oo therepli 4 MagimER slegsee (ofe

rotor bl ade ty I I d d; -ai o]
the for ng? i o%h%‘demggsﬁalggs- Rgiéﬁéelg t’?‘%goégé‘%%%gﬂ?)?gt ﬂ%@o?%‘?‘eﬁjggg qlgyngat very
great irregukarfatg whichoisghougds inaespact ofianionestracturect Such Susfaceat e

et o7 ol CuPR REOWEEPh S En AR PERLESTRE SoR R Mch RATESR dne

so-to-speak hghetidrity @Fahes0MeaiRdd MREES ffestBtsorttftaghted/ite ladthierss balyt he
surface 6 of the rotor blade, whereby the attraction force between the
wat er ol ecuMeaakbn o the syrfecacdn thayirespeetathe coating sdich is produsedSsem ti ne

t he nanosgai ls PR an [ o g -ﬁﬂg@ -
absorber26‘bega%%é%lggc%ﬁ\g?ggﬁgaw%ﬁ?ﬁvﬁfjgﬁ&r?z;?]ua(r?lgsl?ynéridr)ﬁ?g%\ the ls(rlljarr?oace of
the rotor bl adds afidhediedmalrenlyaopghenhletiesutface g€ tive aotosrblade botiatso

i npi nge on the nano-pails, which Ln_turn, by virtue of their relativel

orat “nobi | | I5PAGo A 1Y R PREsF) LK, HinSes nscatre 8 BV of or
bl ade, can abgabbndilte fechto defbARaBRdiifs tAGH IdHGtUdS eNetEYn avRYafd oM
the air eddies so that the sound is reduced. The coating can be forned by
an appl i ed céansigeralynsofser p regrsick of theestriistureedthayn i@ ecgpse. fibmee
above-nepti o : i.n applied not only to a rotor 20 bl ade or
parts thgéeo?tag%ﬁg%zlas'g)t?g% er parts of the wind power installation, for
exanpl e to the towWwhusthef*lotus” woatingoorethe metarl blatle rowides dhat the¢ leddimssi ng
8. The casing 8 - which is, usually alsp, re red.to gs,-the pod - i

i sposed at MHChE G i Ene il e Sr Sh6riatel HRee esFeheged @ar or

of the wind Eﬁw%d E?tEHe' 86t Urrdtupd Wrth@aéﬁﬁaéh}c of thepg P ds 2akEPHRIM the

installation whic e not to be exposed directly to the environnental

i nfl uences. leddidsaof rérspedhat kveraiit+ rap hag hrerpnotédied thetsoontdywbicheisnal | y
on the tower or,rotpor blade. and/ t he casi but al.so on the inside. For

t hat purg%sePf?@U?e?oﬁmm%@&%foﬁe Eﬂetloﬁ%i"i‘fg%ﬁe'ieéfufﬁgt shown) are provided

on the inside and/or outside, by way of which for 30 exanple the water

whi ch runs off the tower and/or the casing can be caught, collected and
carried away in a controlled fashion. Such channels



‘129 IrW 2003 5 preferably extend substantially perpendicul arl 4%Y
slightly inclined with respect to thereto) relatively to the Ionéi n%%“
axis of-the tower on the wall of the tower and the liquid which is caught
is carried away by a down pi pe connected Bhereto. 5 Alternatively or

suppl emental to the above-described structure the reduction In the

generation of noise can also be achieved by the rotor blade having
speci al surface i Mhendiggansticope Baindh d-f“&U%fk'? (tra‘liﬁam%'lﬁrf’%ld@%éﬁﬂbéll

fforded b h

xanpl o by’ shPOREEY BhEhe RroaaRb Ao iy, Bs mBPUBREA ae A SRk Icding,,

(Ri bl et Tgape):oaﬂ'hgtorf maintom&hwtlclwas cdnsidergire msiuatlonnnm neisenof laomtbhe
by vi rtue of D4R Capets FHUCVEHdD ORSERHons TR dBIcTorAeana, PR ds dhadkbed a
"shark skin f t

shark skin 9! thie bambBAYMdur hecuRicke HeGBhBHBhING1OB0SRY ihbdddy HY

Bechert ( i'l ung enzftorschung des I5 Deutschen Zent
and Raunf ahr tbe{riy) Rjrt- mmtemépﬂé@'ﬂ;ar &¢hiDalsospossible fdreth@e coatingdoospace

Centre). The stru tur I escri bed
in detail i ntf%fnﬁ 8%:&0 gi‘g{’Gﬁé( Bﬁagbfér&aélf?g&h'ﬁé %ré‘f %4”%@5 For
the avoi danC@‘eQéllér&pﬂiyieﬁ'l oBelfheleanimge strfatesi(bnd heaprodidtioni Eiséredf) are
publications is also to be_d eﬂzf tg 20 be content of the present

appl i cati on. ajgo ?ﬂ%wgd’m Ep%t Cdfe of aircraft is essentially deternined
by the epgines, t r

especi al Fg as t heh?gfjﬁg%gegqngﬁ ggggtr'%@dggxe‘féa)?gg egﬁnﬁﬂétvﬂgﬁggf‘ﬁﬁgc%%am C
events on theElgeuneSrlaand(Zaerof oil) are below the Iistening threshold and
therefore 25 canncg:t Ee'r iyed. A foil_in gccor danc he pr.i.nci ple
of the shark sk n HaiEeR & Edroas yimudice JrRady S0 ditalivtsn sem B ag

engi neering treen Whaﬁ\edame@threla fdtol Wladds Becheigurefi tshewébé akindngower

Tur bol enzf orschung des Deutschen Zentruns fur Luft- and Raunfahrt (DLR)
(transl ati on'nﬁ’fta“QBO"l'@rftSMPQrECéOFfé%’@aEWCWw sion of the Ger man Aer ospace

Cent the T t

Cohark stent foi | Tign e 2 shgHe 8 Viplin rofEboitn bf o Héty of e [Slor Hiade. 1
channel s 11 eandmiseen iim thiserelspeat thatemslomd amadke suhﬁarmaebza eaatlrrg)tl ora
conti nuous but ar.e di sed on nel s.(s¢ 12 which In turn,are
arranged 1 AVEHNRy VAR, Faren 4 Hed 36 iAip? rmbrERe” et SAIE” 35 The ne
i I'lustrated %baﬁn?\'geAaoetW‘e@nethelﬁah@%mélls\flg maamaln@eléf betifderh aBbBt of and

different, |l engths and which are oriented with their |ongitudinal direction
per pendi cuI ar Sﬁounp@m ke )height ik of thei nane-ngilstigeinr me)rraagad@f betwesn nd

P Sbout 2Bet ABRH Zo 2R 238 5uH7 " Tt Hartnhalk cinthrivs BrertriRs brdrrdiesi °
(ribs) are pﬁ:)@iy&héliﬁ wr @hré’le-oéh@Bi%@dCiﬁQEér% abhed‘vcdlerlwgtdbdarésauerfoangl e

of between about 5 and he standardi sed lateral rib spaci gfq
shark skin féedudngrtheesound preducgsbby thggeterdblage %etﬁchlﬁ\éeq‘ the aaao- (s

/[ ny)lerr]l (tn%HQ/{rﬁoaf éﬁ@&%?%eﬂ@g@ﬁ% gﬁdtdrg‘ﬁﬁfbﬂdschefsr u?uélag;\% 1 i lé b

spacing, tauo is ensi on o SO e€rence surtrace

exposed to the Es@ﬂmétbrwn tHe rditge 6f beBvéedNSidnd 010 whe, 1 ow medi um (ai r)
and ny is the kinematic viscosity of the flow nedium (air). In this case

t he standardi sed rling spatingg of +thes retert diads \wishlj asmicrorsilipene ppainkl (fepeed

bper at fon-at SRaIS LoBufdit 3" iel. B tohselectacRefyr ot deter 1 o
the peri pher allum)@ednot reheain odlingirg tbl de rotop adé urfadeor THiadhetefpre |

regi on (betwe out 5 and 25% of the rotor blade | ength). The channel
spacing s in 9r?a¥a VaY, Frm ke puiseibth Qah@ls'ﬁ)fQ'Ba'hYn'Cmglqn the biags- possi bl e

for surface struc r

spacing to be pr owged 0\),t gbtt'e'ﬁ |I$2%rtcc){bgj]lggle®ﬂ%%le§t}ﬁ %262§%£PUt

adj ust nepp ofonlyhén sthant&tcﬂw&eld(amamwéd fporai the reton) wifythe eotiorebladeperd | ve

peri pheral speed of the rotor in nom nal operation. Preferably the | ateral

attachnments of the ribs also have a radius of curvature of a maxi num of

50% preferably a maxi mum of 20% of the lateral rib spacing s. 29ht AY~
. - 71t is also advantageous if the surface of the shark skin foil,

bet ween the ri bs, has a radius of curvature of at |east 200% of the | at er al

rib



'spacing. That is shown on an enlarged view in cross-section In Figure 4.
Initial,.tests have shown that the sound enission of a rotor w @28 NMAY200Y
bl ades mhlch have t he above-described shark skin foil (and thus also the
correspondi ng surface as described) coul d %e reduced by between about 0.2
and 3 dB (dependi ng on per| pheral speed and wi nd conditions). A neasure as

Teacur o can HIEE8 MRAARD [ E0F APAIPPLBF EneTte: DEAS: DPotioAt Badatoh plads
particul ar th@anmbogndﬂ%% edgesy edge with an anti erosion | acquer or

pai nt. For exanple a sol vent-bearing 2-conponent PUR | acquer with
teflon-1ike surfacBuprigpthe |f@r§né¥iﬂntﬂf e nagednaits Suthe sHrfasei ofr tha sator

| acquer. Hith tor
bi ade- | eadi ngb2igds ¥ Ye5T sB8a Brédliafoy br FEGhPHS REFR IS FPiE8uoR

| eadi ng edge @uwater diops pa(roleceles) airmd tiee IroEderlaG?eusurmmlst het stifficlents
very conpl i cat ed and troubl esone and has to carried out with an

extrenely gref®r Hh@uwates “&%{PE'-"ieﬁ R desmaip 'BQH}& theretoom F—Bﬁl BP?Oﬁ@cﬂém ng
detached in 1 t S e

applied, it g@%?ﬁdrﬁesg trBe eat eoﬁbf]d hg%pgggépﬁaha?ﬁg@%ﬁ e f0| P 'sggcm

| oose, whi ch retakive $omlaecsurtana;6aaﬁ:§me catorabkadey e‘ssinﬂmehyntl'tenatmmrtea‘séonca t he

sound level ipn era n h.s vicjhg ,costs as

t he detached %‘T’t ere&{rl?dWﬁ&ebr%'i féc&%@lggaﬁﬂ% ﬁ(iﬁltgo '3rdsr% ﬁéjb' duﬁgdre secured
to the rofor bl adeaegise Bante finrsthd aahe-mailse3 tiavieesd-itbtspdakAhel fudcien OF
slippery sealant as is offered by Coel an under the z5 designation VP 1970M

is suitable a8 Afo¥nf) shegsipbroriarglkacansencqties Hnot shovsvswhighe naturally
el imnate thefo‘? Bhethe Qurféf%uﬁ'%ﬁ)é’r}'o%‘? 'bTﬁ@%hG”wIﬂrEhl a['eT 'P@épdrﬂ:}’ﬂevi‘a? the

sol vent - beari ng - conponent acquer having te I ke 'sur
properties angenédratiool éfoseungd bhpirge: enitbei mo-&ailsdshlcbnndmn‘n, Bpdineraf A :

bout 60% 3 t o M xt : ut 3210 4~Y 2U0 8
EDouh ooias. SRTRRRERY el el obnity., cShipaten RofE sieftGlassaRte Brucegs
g/ cnB (20@\/@ﬁqsetMt&omr&arAabsakwwhe8@nérg9I bf 4he284dice NN @Rlis Bake< 10

s DIN 4 (23C)Processing _tine; about 16 in a closed containerSkinning: about
30 min (20G; Wf&ﬂe@\&w\ﬁr@@theﬁrnﬁdﬁ“@w%ﬁhaﬁé RysoaNdds:raguged-2 h  (20C, 50%
relative air hum Y t <

hum dity) 10 Pendu?tltr'g%l:grggnégsaﬁl Fdsﬁeﬁ?:gél)gg ?r?gpgg%f&gg%ggﬁ%hﬁ &t&c}yg fg“ or

Dl N53157) Qui csheetaddrared byddhesiveod 2350 h UV-A with the Q panel

appar at us( QUV-t est)wi t hst ood 2430 W-B with anel ar at usM xture
D omoonent - a The bava2eRidhal: £oating sad, henaPRISS 7155 DA, & By rotor
wei ght Thaio | agigder oWaFa&QV%Q%H ftcut Resyd dUidtHePOpaiyt of h%euwnah%%fr
inrelation to rotor bl ades for reduci ng the generation of noise

hi t her t oneveringtallatioan for oprrealeakel the fPWRr y/ afvehir afg@duﬁob/éédng@uﬁtloﬁakes
t ble to
poEs e el Y, TR gl AR o

bl ade havi ng theapsd f-ois dlsdmmgt the madnm@@mehettew&wr&i regulariylendidses

wherei n the ans arefor fluid-repellent |ayer and/or surface
e s o ovieegeRprateE T the WISt mone” LEtaleion o HEherapare e wind A

rotor bl ade agsQedi fHEthPatid thrPhéFé‘Ch%'E' 811 B ERAbsdde direltifl 56p%héent
| ayer is applied at |east ere essenti al the soun I's generated upon
rotation of térviranoentslddfuescess vinnmqtomespaqhsnhgl taating may dre pradded

conprising at_J|.e i t, i i t t.h otor blade in
rarm or oot r e PaY SBRAan FREeaPa: i atal BEIR Subl’ LR R
find no hol d em theansideor Fbll' [t EUl‘ﬁc&Qﬁ it 39 a‘dhéhta'gcﬂls ﬁrd}m chBAn@s (ritng
(ice crystals) find no hold on the rotor blade surtface and rotor bl ade

sound gener atShﬂWn)n aspdravided en theeingidg apw;@r qutstda, | kit iway 0§ wiiskefiged.

Fotor bl e oL 1B YA NN HUSL A 3R Rl BB, SRE L gpobe

surface of theaughtpeolectde arl e@rieey avaytinea eoatretled eraiihiont h8ach ehangels
uncoated region. 5. A rotor blade according to one of the preceding clains

characterised in that the |layer has a surface structure conprising raised
portions and recesses, that the spacing between the raised portions is in
t he range of between 2 and 250 um and the height of the raised portions is
in the range of between 2 and 250 um and preferably the raised portions
conpri se hydrophobic polyners or durably hydrophobi sed materials which
cannot be detached by natural rain. 2 9 MAY 2003 10 6. A rotor blade, in
particul ar according to one of the preceding clains characterised in that
the water-repellent |ayer has a surface which



‘is forned simlarly to a "shark skin". 7. A rotor blade accordi ng to clal m
8 characterised in that the rotor blade has a surface for a wal |2 QMY 2B
there k&ta turbulent flow of a flow having a main flow direction, with r|bs
which are oriented in the main flow direction and which' are spaced

| aterally in relation to the main flow direction and the height of which is
bet ween about 30 and 70% of the lateral rib spacing. 8 A rotor bl ade
accordi ng to priefiénably Meadtwbstedtlaihytmenﬂ@urarbs (ar elightly mdjgedswetped

Arotor bl addesBeet b aneresShaidiveh o Faclchatybi BEE SR IPd ichrerclh (R
that the stangan &fire todleeratld thd ligORCWhECHSTS caught/is Relfied Wyt ByQ/ abwh I's
between 12 and 22, wherein s is the lateral rib spacing, tau is the wal

thrust stressPipe @negstRttharei-ence surface which is exposed to the sarre
Fhom 1198 Sos dapsiratvaly i SdoiteRfdl Y he abBlolddeABELCATRe thY Of

the fluid™ 10. A rot acc Ing to one o
char act er i sedredactibat int biee syerertatidnsef noide spacisy e+ ackievaapbydtieo rotioe

peripheral speed of_ the rotor Iad an i referabl aqiat dto,th

peri pher al S@@g eoaYing fotRfic IﬁH g abqoé'ﬁar(ﬁ"?{ Rbf ﬁﬁaﬁbékalroeﬁhatll
A rotor bl adeg s gam et sff@ftpecpbytmheaeee%maos&ﬁg rmsa&raéarénedﬁ §r?élat'l§
that the lateral rib spacing s Iis between O.

2003 11 12. /sqldt far igxamplacbyr @Mgumdﬁrortbeotvnm@qﬂmaatmm@w §6&ﬁ Drag

curvat ur % ReGucr TeBE (RiEfEE TeBRY G MRS B o ehBst uPls B hEERe3,
13. Arotor bdcﬁdmusm@rfcbmgtrfe0amaeionfmtjbetrw mdthzaganha:frammngca sawmgd in

that the surface b tween the ribs s a rad P“Ci'@{r urvajure of at | east
100% pr ef er dBIfyeh rv@é‘ﬁ'a '@Yé(l'ﬁﬁ“@f Fhak spedfie sharkiskinhsupaedng. , 14. A

rotor blade, in pafﬁé QEPL%EUI%CGPEQJ:H‘% “éha‘?ﬁeskﬂf félh‘%sHEW'fGHe%ﬁi frorPy ‘o

characterised in that ag led to portions of the rot erab
the rotor bl amblloaalonag pdbéttrick Wh Becherr %bt@ﬂungcaudrolamfomdhmmg des

char act ert e PHRERSE ARTRTE: S90.HiR* PR, SAReERECIORAP poThrfyEnte

ﬁl Cgrmonent dm&daatchltmmwrﬁ .ofAha GéamweAlermhaéI@éntm) cqmrer st&uamré ¢fod or
ade accordi neo, receding cla

instal lation p i"h&" 1 &‘93&@%@‘9&35%9%4 “br‘ij@t?'bﬂr&erlﬂ'@d@ EB Q 8¢tér
and a casing éPdeEV!‘iUS“d“ P@P%?%E’JC -hgapd sape eaé%ng%[:é*b? r\é’g@ﬁtuBRW@r
installation, wHerein at [east one of the above-nentione enentS such as
the rotor bI amne cartent ofall thenabolee-bndicatesi piehlicabionsris talisp tabendedmed)toi s

o oV 0o A b OBt o RE b BBkt o] o L0, e of he precedihg
of the t ovver and/ OAs e isbangani the. casdOof Artraft isfesstintiblly determined by the
engines, the sound produced by the aircraft is not reduced, especially as
the sound levels which are generated by virtue of the dynamic events on
the aircraft (aerofoil) are below the listening threshold and therefore
25 cannot be perceived.
A foil in accordance with the principle of the shark skin (under a
corresponding surface) was developed by an engineering team headed by
Dr. Dietrich W. Bechert of the Abteilung Turbolenzforschung des
Deutschen Zentrums flr Luft- und Raumfahrt (DLR) (translation:
30 Turbulence Research Division of the German Aerospace Centre) at the

Techinical University of Berlin. In the case of such a “shark skin” foil the

\
\



CLAF2 LA LAI9 A2 A2 FGKEG&L< 3

: W zupkf " [ V] ca] caU]'ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca]%gdﬁ,yaf@i] C

a] ca] ca)xca) ca] ca] cTa] c: a] ca] caU] ca] caU] ca! * gl J@BNf
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10 with a taper angle of between about 5 and 60°.

The standardised lateral rib spacing of the shark skin foil surface in
this case in accordance with the formula s* = (s / ny)™V(taue/rho) is
between 12 and 22, wherein s Is the lateral rib spacing, tau, is the wall
tension of a smooth reference surface which is exposed to the same flow,

15 rho is the density of the flow medium (air) and ny is the kinematic
viscosity of the flow medium (air). In this case the standardised rib
spacing s* is preferably adjusted to peripheral speed (or angular speed) of
a rotor blade of a wind power installation in operation at nominal rating.
Preferably in that respect it is adjusted to the peripheral speed of the rotor

20 blade tip or the rotor blade tip region (between about 5 and 25% of the
rotor blade length).

The channel spacing s in that case is between 0.001 and 0.15 mm.

- It is also possible for surface structures with a differing channel
spacing and/or scale spacing to be provided over the entire rotor blade

25 surface so that adjustment of the standardised channel spacing is always
to the respective peripheral speed of the rotor in nominal operation.
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Preferably the lateral attachments of the ribs also have a radius of

curvature of a maximum of 50%, preferably a maximum of 20%, of the

lateral rib spacing s.
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about 0.2 and 3 dB (depending on peripheral speed and wind conditions).
A measure as an alternative to or supplemental to the above-
described sound-reduction measures can also involve providing portions of
10 a rotor blade, in particular the rotor blade leading edge, with an anti-
erosion lacquer or paint. For example a solvent-bearing 2-component PUR
lacquer with teflon-like surface properties can be provided as such an anti-
erosion lacquer. Hitherto, anti-erosion foils or sheets have been glued
onto rotor blade leading edges in order to prevent erosion of the rotor
15 blade leading edge due to dirt particles/rain/hail etc. Gluing on that foil is
very complicated and troublesome and has to be carried out with an
extremely great amount of care in order to prevent it from rapidly
becoming detached in operation. In spite of the greatest amount of care
being applied, it nonetheless repeatedly happens that the applied foils
20 come loose, which under some circumstances can also result in an
increase in the sound level in operation, but at any event causes high
servicing costs as the detached or protruding foil pieces (foil corners) have
to be re-secured to the rotor blade again or fresh folls have to be fitted.
A sliding or slippery sealant as is offered by Coelan under the
25 designation VP 1970M, is suitable as an anti-erosion lacquer with which it
is possible to eliminate the problems of the known anti-erosion foil. That
involves a solvent-bearing 2-component PUR lacquer having teflon-like '
surface properties and the following characteristics:
Solids content: Component A : about 60%
30 Component B : about 5%
Mixture : about 32%
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, #10%@ () - pensity: Component A : 1.11 g/cm?® (20°C)
Component B : 0.83 g/cm? (20°C)
Viscosity: Component A : about 80 s DIN 4 (23°C)
5 Component B : < 10 s DIN 4 (23°C)
Processing time: about 16 h in a closed container
Skinning: about 30 min (20°C; 50% relative air humidity)
Non-tacky after: about2h (20°C; 50% relative air humidity)
Completely dry:  about 96 h (20°C; 50% relative air humidity)
10 Pendulum hardness:147 seconds (in accordance with Kénig; DIN
53157)
Quick weathering: withstood 2350 h UV-A with the Q-panel apparatus
(QUV-test) withstood 2430 h UV-B with the Q-panel apparatus
Mixture ratio: Component A : 100 parts by weight
15 Component B : 100 parts by weight

That lacquer was developed for boat bullding, but the use thereof in
relation to rotor blades for reducing the generation of noise has hitherto
never yet been proposed and is highly advantageous because it makes it
possible to replace the known anti-erosion foll and eliminate the problems

20 thereof.
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1. A wind power ‘installation rotor blade having means for
reducing the sound generated by a rotor blade, wherein the means are
formed by a fluid-repellent layer and/or surface which is provided at least
on a surface portion of th‘e rotor blade.

2. A rotor blade according to claim 1 characterised in that the
fluid-repellent layer is applied at least where essentially the sound is
generated upon rotation of the rotor biade.

3. A wind power Installation rotor blade comprising at least a
partial coating which imparts to the rotor blade in its microstructure a very
great degree of unevenness so that water drops find no hold on the rotor
blade surface, so that water drops and/or icing (ice crystals) find no hold
on the rotor blade surface and rotor blade sound generation in operation
of the wind power installation is lessened.

4, A rotor blade for a wind power installation, wherein the
surface of the rotor blade is at least partially provided with a coating so
that the surface of the rotor blade is softer in the coated region than in
the uncoated region.

5. A rotor blade according to one of the preceding claims
characterised in that the layer has a surface structure comprising raised
portions and recesses, that the spacing between the raised portions is in
the range of between 2 and 250 pm and the height of the raised portions
is in the range of between 2 and 250 um and preferably the raised

portions comprise hydrophobic polymers or durably hydrophobised
materials which cannot be detached by natural rain.
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is formed similarly to a “shark skin”.

7. A rotor blade according to claim 8 characterised in that the
rotor blade has a surface for a wall over which there is a turbulent fiow of
a flow having a main flow direction, with ribs which are oriented in the
main flow direction and which are spaced laterally in relation to the main
flow direction and the height of which is between about 30 and 70% of the
lateral rib spacing.

8. A rotor blade according to claim 9 characterised in that the
ribs are of a wedge-shaped configuration, preferably with a taper angle of
between about 10 and 60°,

9, A rotor blade according to one of the preceding claims

characterised in that the standardised lateral rib spacing

s* = (s / ny)™V(taug/rho)
is between 12 and 22, wherein s Is the lateral rib spacing, tay, is the wall
thrust stress of a smooth reference surface which is exposed to the same
flow, rho is the density of the fluid and ny is the kinematic viscosity of the
fluid.

10. A rotor blade according to one of the preceding claims
characterised in that the standardised rib spacing s* is adapted to the
peripheral speed of the rotor blade and is preferably adapted to the
peripheral speed of the rotor blade tip region (in nominal operation).

11. A rotor blade according to one of the preceding claims
characterised in that the lateral rib spacing s is between 0.001 and 0.15
mm.
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13. A rotor blade according to one of the preceding claims
characterised in that the surface between the ribs has a radius of
curvature of at least 100%, preferably between 200 and 400% of the

lateral rib spacing.

14. A rotor blade, in particular according to one of the preceding
claims, characterised in that applied to portions of the rotor blade,
preferably to the rotor blade leading edge, is an anti-erosion lacquer which
has teflon-like surface properties.

15. A rotor blade according to claim 16 characterised in that the
anti-erosion lacquer is a solvent-bearing 2-component PUR lacquer.

16. A wind power installation comprising a rotor blade according

to one of the preceding claims.

) 17. A wind power installation comprising a rotor having at least

one rotor blade, a tower and a casing (pod) which encloses at least one

generator of the wind power installation, wherein at least one of the

above-mentioned elements such as the rotor b‘lade, the tower (inside or

outside) and/or the casing (pod) is provided with a water-repellent layer

according to one of the preceding claims, which is applied at least to a |
surface portion of the rotor blade, of the tower and/or of the casing.



