
Penfonmance lleUnailation ol

Natunal laminan tlow Ainfoils

llue to Gontanination [y
Rain on lnsects

By [. J0llN llAll$Mlftl JR.
aoeing Assistani Professor

D.partmcnt of Aeronrutits rnd Aslrontutics
Mrssachusetts lnstitute of Technology

INTRODIJ(]I'ION
igh L/D lrmin"r flow airloils. which have bccome
comnon in conrpelition s.ilplxnes over thc past two
d(!1de,. Jre c\lrcr,Jl) .<nnr \e 'rr '1 ..n -mi-

nNrion in the fonn of insccls. water or icc. In oftlcr Ior these
airlbih to ope.alc !irhin the low drag laminrr bucket". a

l.r rinar (smooth) boundary lrycr must bc mainlained ovcr r
subsrantidl fraction of the ving cho.d. Any signilicall ircg
ula.ity or proluberance from lhe surlice causcs the bound_
ary layer 1o becomc lurbulent in a scdgc shrped region
downstream of thc irregularily lf the lurbulcnl bound!rl,
.cgion becomcs substtnlial, ihc dtrg on tlle rirlhil rill in

crease, rcducing lhe L/D In addilion lhe rurbulenl bound
''r) ,Jlur rnd) be .urctribl< ru tr(,, .rur '(f " iJr.
rcsulting in an incrcasc in slall speed Thc sizc .t *hich an
incgularity or.oughncss elenent bccomcs signilicail is. al
present, rot well undenlood: ho*ever, sonre invesligators
havc suggesrcd that lanrinar to lurbulenl transition villoc-
cu. when lhe Reynolds number, brsed on thc roughness
hcighl and the velocity dt the toP of thc tuughness. e\ceeds

some criticalvaluc. Critical v!lues kom 50 to 600 h.ve bccn

The lwo trinrrry contrminrlion nech!nisJns trhich rllccl
srilpla.e operllions d.c insec! impingcmcnt. shcrc the in-
secl residuc cxceeds the crilical rough.c$ hcigh(, rnd *trter
contaminrtion du.inA llilhlthoush lrin. A brieJ discrsion
ote,ch ol these echanisnrs lollou\.

INSECI' ('ON'IA}'I IN TK))
Perlbrm.tnce degfuddlion duc lo inrccl co.ramnrtion has

been, mrjln drcr ol conccrn lo co ,0rr,ti,rn piltns li)r the

t.,.r Jr 'd. 1h ,,., , r 'lJ . r,'

problcm dcpends primarily on thc insccl populalion dcnsity,
which is a lunclion of meteorological ard entomolosical iac-
1ors. In a tlpical environmenl, lhe density of insecls decays
r.'n,dlv s,rh Jlrirurr(, ,,. i. .hos. n I iqur. I lrom rhe edrll
scri on ,n c! I lrnlrn,rnrlron b\ ( nlcrrn.2 I ne rn\ecr l.of
ulation dcnsity is ollen anomalously high in thermals. bc
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Fiqure 1: Typical insecrdisribulion wilhahilude.



causc thc inscch tcnd b bc rdvcctcd up lrom lhe surl.cc b!
thc circulrtion p!lle.n *ithin lhc lhenn.l As r resull. sail-
pl.nes. which spend r signilicNnl lirclion ol t;r)c i. ther
mrls, lend 10 be more prone (o insecl colllr iinxlin lhii.

When dn insecl inrfifges rtr iircreii conponcnl. thc.ol
lection of insccl d.bris will rcsult ii thc imprcr vclocily is
sumcicntly la.ge lo clusc rupturc ol lhc insecl. []olen n
expe.imcnlallt jnvesligaled ruplure !elociliet Nnd lbund
rl,r1 rr \.',r u1 1,, ,/\ ^, At .,dr. o \' ',/. ^r \1.
,ro,rel' $'rhJ reJnv.ueo ll n \2lrer\n,. re.,duc
pxtte.n for an airfoil consisis of a narros region around the
slxgnation slrcamlinc whc.c thc insccts rdhc.c csscnlirlly
intact. f_urther rlt. the rcsiduc consists mrinly oi shallow
I iJ d o" i "\iJh .l(Jrr..( n l(n.ir' . r\( .'tr 'imir "iI'oirC(n,enr Bo(,rrn. rnd Selil'condu(r(d lligh .ei-
surements ol insect impingement patterns in the Ncthcr
1!nds nnd lend thrt 55% oi thc rupturcs occu rcd in thc tirn
2.5{, ol thc chord whilc l5'? ol the cvcnLs occurcd in the
lirst l% ot lhe chord. Fo. Strndrrd Class sailphnes. (he

insects $ere cvenl} din.ibuled on the uppc. and lo$er sur-
hces. For llapped iirfbils. they lound riral the insecl debris
lended 1o collect on the uppcr surface. Boe.nrxns and Selan
rook lhc inscct paucrn rccumulatcd in flight on an AS w
loB in Lh( r ixJ I .nn<l. M(.b .r(m<ol' inJ rrl(l rn irrr< .s(
in drag ol 20% or grealer a! angles ol rllack ol 5 degrees or
more and a reduction in the width of the drag buckct Litl
wds not signilicantly alTected.

One surprising resull *rs rha(. ior low anglcs ol dttlck,
ihcrc wxs litlle increase in the drNg. This is consislenl with
rcsults lronr lhc NASA l-angley Reserrch Ccnle. by
llolmcs ct al4 $ho obscrv.d. b) chenrical rechniques, the
lr.insilion i.om a laminrr lo turbulcnt bounduy laycr down
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Figu@ 3: trbulent wate geomehes obsened in lliqht on Skyrcckel ll

An cxrmplc oia tlpical trajcclory pattcrn is shown in Figure

't lbr r h.ll bodt dt 0 d€grees incidence. Becruse olthe wide
lrnge ol condilions ufder which insecl contxmination oc'
ctrs. ir is dinicult lo,nlke general conclusions on airfoil
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Figure 2r lnsedcontaninalion panern on gellanca skvrockel ll

slrcrm ol insects accrctcd at low level by I Belldncx Sky
rockel IL The rc$lts. sho*n in Figore ?, indicrtc Lhrt ne!r
rhe staSn!tion poin{ even !ery-l.rgc insccl rcmrin\ did not
cruse transition. Furlher ilii. insccls grcttcr LhNr the criticxl
excrcsccnce heiglr ptuduccd rurbulcnl $rkes Tyticrl 1lr
bulcnl wedge tattcrns r.c sho$n in ligure :l

l.\'r 'nf'n!(,r,r ' '(.,' |'^,1 'oh\( l' n.,', B, ffl ,',u H'1 r''n'r 'r,1.
asscss rhc se.sitivity lo conlrminrli.i oJ PrJtL.!l!r rini)ils.
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Fiqu.€ 4: lnsecr impingemenllrajectoieslorT cm halbodv

scnsilivity. However, lbr low-den\itv populalions ol massive
.n.(1r.. tl-irn<r .'i n rl, srll \e h$ cu\(pribl< ro..nrJrniqJ
tion. Conve.sel), lor high dcnsily populaiions of lighl in
sects. the loser colleclion eilicicncy of thick airloils makes

CON'IAMINATION BY RAIN
Perlbirnrnce degrddrtion in rrin las bee. .epo.led. quaU

ldlivel]. bv srilplane pilols In rddirion. dcgradation of air-
loil pcrlormancc in rxin is thoughl to cause chrnScs in the
longiludinNl st.bilit) oi crna.d'tyE !ircral16, and dlso
lhoughr to be ti conlributing cluse in several rnrior wind
shcrr dccidenli/. Wird'tunnel cxpcrinrcnts have been con-
ductcd in sinrulrled r!in !1 the NASA Langley Rcsedrch
Ccnlcr on typicrl lknst)orl x.d crna.drlpe airloils. ln ad
dilion, lesls hrlc been conducted at MIT on a typical sail
flxne rlrlbil to study lhe ellccts ol surface Betiabililv in

.\ schcnrrlic ol thc e\periment!l set-up used in the MIT
lcsts is shosn in rigurc 5. Wrler als injected irom .!in
simulNlion nozzlcs 1.5 nr upsticam of a 6,inch chord Won-
mNnn FX 67 K 170 (Nimbus II) airioil. rxlrcmcly heavy
' ,, ,.'r' J lr0 n1 /l r sd irl .'rrJ.:'r rLrc.r,' rn!
Itcl.olds nu.rhe. ol .l-10.000. The rirlbil surlacc wls prc

rri,fud * iLh dilltrent degrecs oi weltrbrlit). The nominrl sur
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Figure 5. Scnematic view ol selop lorsimulaled rain expendenls

l.ce wxs r cl.dn cpoxl gcl cort. cdrclull] srndcd with 600
grit srndpapcr p.ior lo lcsliDg.lhe rir/u.lcr co.lrcl angle
oi this p.rlirlly sellrble surl.ce wr\ 5l degrees. A noi+ver
lrble surfuce sirh r 9(ldeg.ee.o trcl !ngle wrs oht!incd b)
wrril)g rhe rirloil surl.lce. In ndditio.. x soap coated surlacc
wilh r low contacl adglc wxs lestcd.

Thc rcsults arc shown in l.igurc 6. ,\ significanl loss ol
pcrlo.m!nce was observed li{ erch surlacc wiig. lhe non'
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Figure 6: L llo drag,al o vs. angle ol anack lor the surlaces Iesled

wctldbl.. wrxed surlac€ being the nros! degraded (757. re-
duction in nrr\imunr L/D) and llre inconrplerely-wettabl€
cfoxy gcl coet bcing the Ieast degrxded (459; reduction).
Acconrpanling thc L/D loss ras an elTectivc rcduction in
angle olrtt.ck ofup to 2 degrees resulling lrom a downward
1r!nslalion ol lhe Uft polar. In phologrl]phic observations,
the runback water hyer was lound to bead on lhe wax sDr
lxcc, a.d sh..t on the wctlablc surfaccs. l'hc nrong dcpcn
dcncc on {rl.cc *cttrbility oi both the rirloil perlorn nce
Nnd the wdler bchavior indicdles thrl the degradalion due 1.J

rain is primrrily a resull ol the roughening ol the surface.
crusirg prcnrrlure 1r!n\ition ironr r hminar to turbulcnt

Simil.r, bul less exl.eme. resulrs hale been observed at
highcr Rer.olds un)bers bt Yip el rl9 in tcsts on crnard
eiribih !nd by Dunhanr el al8 on lrNnsport ai.foils. One as-

fcct ol th. pcrldm!ncc dcgr.drtion in rdin, which does not
occur tor insecl conl.mination aad cannol be erpldincd by
simple lr.nsilion ol Lhe boundary layer. is the dosn$ard
rrrnslalion l. the lil! polar. The loss in liil implics ar effec
live reduction oithe dirloilcambcr and may be a .esul! ol r
difcr.nlirl tfunsition bchavior belwecn the Lrpper and lorver
surhccs. tlec.use of dimcullics in scaling. sm.rll scdle mod
cls will sho$s r .qre er sensitivity to .ain. Tficrelore. some
caution musl be exerciscd in cxtrxpolaling the low Reynolds
nunrb.r rcsulls lo lull scalc. lt is. however. clear that rrin
docs dcsrrdc thc .irloil perlorndnce !nd that surhce welta
biUlr is rn inrporlanl clltct. waxing, iherefore. should be

dloided o s.ilpLnes which require high pcrformrncc .nd
ma) be required to penelratc rain.
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