NASA-CR-200211

T
SIS 82 =P
o 7T
Annual Progress Report S 3 70
Submitted to the Low Speed Aerodynamic Branch P 5]
NASA Ames Research Center |
Moffett Field, CA
for
NASA Grant NAG2-905
entitled

"An Experimental Investigation of the Flow Physics
of High-Lift Systems"
for the period
March - December 1995

by

Drs. Flint O. Thomas and R. C. Nelson
Hessert Center for Aerospace Research
Department of Aerospace and Mechanical Engineering
University of Notre Dame
Notre Dame, IN 46556

December 20, 1995

(NASA-CR-200211) AN EXPERIMENTAL N96-19286

INVESTIGATION OF THE FLOW PHYSICS
OF HIGH-LIFT SYSTEMS Annual Report,
Mar.-Dec. 1995 (Notre Dame Univ.) Unclas

31 p
G3/02 0101128



JINVA ALON
JO ALISHIAINN

I<I

N]J ‘dwe( 310N
dure(y AIJ0N JO AJSIdAIUN
- SuridauISuy [edIURYIIJA puk ddedsolay
21839y 20edsoay 10 I19Jud)) 1I3SSIH

ny) *D “H Pue uospN ‘) Y ‘Sewoy], ‘0 ‘A

S06-COHVN 1opunl
JIJUI)) YIIBISNY Sowy VSVYN Aq pajroddng

SWIAISAS 3JI'T Y31 10] SIdLeT Alepunog
JUIN[JUO)) JO SISAYJ MO[] Y} uo SjuduwLdxy

:310d9Y] $S9.130.1J V



JIAVA RLLON
JO ALISHIAINN

coﬁmmso_mﬁ\mﬁoaﬁoo\mqoumuzd =

STROL) YOIeasy

Aaamg AQT
JI'T pIIBISIAU] :SJUSUIAIMSBIJA] SINSSAIJ d0eIng

ApniS UONBZI[eNSIA MO[]
oury s, 199fo1g

9Je(J 01 SSAIZ0IJ [OIBISIY o

$OA1102[qO) YoIeasay «

IoAv T Arepunog JUuanjuo)) JUSWSH UTRIA / 9B e[S
«SMO[ Yoolg Sup[ing JIT-Y31H,, :Aqdosorryd swos
| ‘we[qoId Y T-YSIH oYL, »

uoneziuesi



JINVAJ I LON
JOALISHIAINN

*doueuLIo}rod
UONRINIIJUOD [[eI2A0 pue urzis JuipreFar
jurensuod Jofews  osod straisAs 11 YSTH

"(€661 ‘YNpaIsln) o3uel ur asearour
o[Tw [eoyneu ()G 1 © 1o peojAed ur osearour

391 008T ® 03 JudTeAInba St (/] JJO-oxe] .
UL 9SBAIOUT 9| 1odsuer) suIsus urm) e 1oy :dpduwexy

‘Sug1sap La1duits ynm aouvuriofiad

paao.duil 242140D ‘122 ff2 uf *s)S00 SOURUSIUTEW pUR
uonsinboe 9onpaI A[Snosue)nuuIs pue ( / 7 Jjo-oqe).
paaoxdwt pue yooerdde Surpuey 103 ***1y parordu
1M SwIsAS P17 Y31y uS1so( :IANIAIq) S, IousISa(]




UOIJBZIICUIWIB]O Y 12£er] £Iepunog Jua[nqny, «

3.InjeAIN.) 3ICJING PUE JUIIPE.IL) INSSII
Jo d_duanpjuy Japuq) juduwidoppAd Jode] Lrepunog jus[nqang, «

uonesedag Mo 3A0) o_mom.ew._arm .
SUOIJIRIIUY AfEAA AN NIAl «

w.i,«u?.:U
AUIUIBA)S YJIAL PUR JUIIPEIL) 2.1NSSIIJ Ul JUdWdO[IAd( IYBAA o

(19ke] KLaepunog jusnpyuo)) ayy) mqo:on._ﬁcm YA - JoLer] Laepunog .
| sa|qqng uoneredag Jeurwey .

WISTUCYDIIJA] UOT)ISURL ], U] JUIWYIRIY o
SEIAIOIN 29 MORN) SwoIsAS 11T YSTH UT SUOTIORISIUT SNOISTA

:o_ﬁaa.mm
afe] lepunog

uojlisues],
e[ uewyoeny

~

\\\\\mco__om_E:_ Johe)

Alepunoqgyyooys

suojjorialu| e

PEM §10NG ;a4 Atepunog .~~~ ©1aang
Jeujwe juenjjuon JeupuieTy

1



"[00) USISap se AN JPY) SHIy * * jro0dsuey)
A333ud d1jdury pue Yygud| Surxiuw 10y syndut fedradurd

*S3NSAI [eJUdWILIdAXD uo
A9 3snuur-*suwrdysAs 311 YS1y ul PIIIJUNOIUI SMO[J [EITUOUEBD
-uou x3[durod .x0j r1011d 8 uMOU3| JOU SJUBISUOD [POIA]

*SMO[J paxiw A[jeroadsa “m:o:uw.-u«:m SNOJSIA
x9]dwod Surpppowr £[31EaNddE Jo sjqeded Ajnj jou sanbruyday,

"PoojsIapun £[InJ Jou WISUBYIIW UOIJISUR.L],

W'1BIP,, JoquInN SPIousay oN * * * (T661 ‘BpeUR)) ‘BlIRqIY ‘Pueq
‘wnisodwAS Y11 YSiyg qUVHYV '8'9) Laquunu spjoukayy paxif

JD SUOI)B[NI[Bd MO[J [BUOISUDUWIP-0M]) JUdSIIddX SOP0Od Auep

swpjriogpe pue £30[opoyjoul Uoe.IIudd prid ul ssaadoad yonpy

1

uo puadap--asporpisod L[jesiseq aue suoneinduwo)) .

*S[003 U3ISAIP (T4 2Iqelad J10j Eo(



| 'swiaysAs Y| yBiy [enjoe ul spial} Moy} oy
Aupgeded aayoipaud e Buiaey jo adoy ollisjeal Aue aq ued alay} 810j8q
SMOl} %00|q Buipjing, walsAs yi ybiy puejsispun Ajlenpiaipul o} pasp

‘uoneinbiyuod

ayl jo Auxsjdwod usisyui syl Ag painosqo aq Aew sanss) soisAyd pjal Moy

|eluawepuny ayy ol ybisul Ing elep souewlopsd jueuodw) apiaocid
laquinu spjoukay ybiy 1e sise) ueds-iwas 1o s)sa) jpuuni ainssald - g »

- eoueuwlopad walshs
paleoljdwod ‘eAlliNjuIuUOU O} pes| UBD Sy} ‘Pa|janod aie Ayl ‘uollippe Uj

‘Aujiqe eAnolpaid s

Buipuelsispun }o ainseaw }saq 8y ‘pooisiapun Ajnj jou pue pajes|jdwod
alinb A[fenpIAIpUl aJe palsjunoous euswousyd olweuApolse sy «

‘soisAyd moy xajdwoo jo Bujpuelsiapun paywi) Aq paispuly
sI swaysAs Y| - ybiy jo ubisep paroidwi jeyl 1gnop ou aq ued aiay] e

'sjoay8 Apesisun
1qIyxe Aew pue [euoisuswip-aa1y} Ajjuaiayul ale mojj 8y} jo sjoadse suwiog

‘uolneluswiiadxs

0} 8s4n023J AAeSY ylim palindoo Ajjeuoliipel) sey swalsAs

yi| ub1y Jo wawdojansp pue ubisep ‘}nsal e sy “euswousyd
mol} snoasiA xa|dwod Aq pajeuiwop st pjaly moy walsAs yij ybiy




SWaSAS Y7 ybiH o1uosqns Jo SaISAy4 Mol

awre(q aliop jo Aisiaaun ‘yoressay aoedsolsy 10} 181Us) LessaH
198ys 1yby Jose| uol uobiy
Uim pazifensia sake| Aiepunoq [10J1e pUe 8)em Je|s ojul uonoalul 8YoLWS aussole)

uonoeiaju| Joke Alepunog / exep O} s1joy -

- JaAe Alepunog uanjjuon
:SMO|4 00|g Buipjing weisAS ¥ ybiy




JIAVA JHILON
. JO ALISHIAINN

[SPOIN WaISAS I [-UTH JO ONeWayog

SueyianQ

NS
uonosafuy sxowsg

e[S

der ureig sdej, sinssaid oneig / deo

Tlopry ondijg



*3.1NJBAIN.) SUI[UWRINS
PUR uoIjRZIIBUIWE]IY JO I[0Y Y} JO UOIIRUIIBXF]

"suljapour / (04 J10j Iseq eje(

[BAIYDIY Pa[Ie}d( ‘Ayfen() YSIH © JO UOHBULIOY

- sase) 1o wnundo-uoN pue wnuimdQ

J0J INPNI)S JILe T Alepunoyg judnjuo)) }Seajuo)
"uononpotg PYri-ysry ul soIsAyd Mo

JoAeT Arepunog juanpjuo)) Jo I3[0y Y} YsiqeIsy

§a41122[q ) YI4DaSaY



~

C - Siinsal | eseyq jo siskjeuy

sases esay) Joj E_.emsamm

"sauenjjuco yeam pue Guols jo sases

paisejas 10} Huim urews ssao

uoynquisip emssesd eujusele(
fpmg uopnquisiq esnssaig

N
sfeans y(1
pajieiep Jo} @ouan(jucd yesm
L - & | pue fuans jo seses 1sjeg
 uopepyEA sheaing moly pejieleq

"80UBN}JUCD Yeam
pue buogs jo sases sujuusieg

*80UBNYUCY JO UOjIEo0|

Buunsesw Joj sanbjuyos;

I uofeziensia mojy dojeas(
uofiezyensiA Moy

| vofonysuon
- ubiseqg
uogongsuo) pue ubisaq jspopy

Apmg eouanyuog bu urew/ElS | eseyy

. 0c- 91 ¢l 1 I 4 0
9¢ ¢t 82 Evmmm 0 IS Wog SYWON - : uondudssq pue eseyd josfoiy

SIMpoydS

A}



- - e -

L s

e = = oo

- e " may
- - as wb

*9TNpayds PasTA31 33IBOTPUT SIBQ Pallop YL

uoday [eutd

-

(sbugespy vviy) siedeq

suodes ssasbosg
uofiejuawno0g pue suodsy

sjnsal g eseyd jo sisAfeuy

“Joke] juanpuod
uo UOHEZUBUIWEYB)
jo souBNyW 8y} sulwexg

-Arepunog pszueuiwelas syj jo
2JMONNS 8y} eulwisiap 0)
SUBWaINSEsW Y onpuod)

sksning v pejeleq

*Apnis uonezueunweas Joj

papaau spasu; jsuum pling
jusipesb sinssaig
uononiysu0)

ubisag
jepow  Aypowpubisaq

Apmis uonezURUIWERjSY 2 8SBYJ

9¢ 2& 8¢ ¥c 0O0c 9!l
wesb jo yElS woy SYUON

uopduoseq pue eseyd joefold

e



Nondimensional Lift Coefficient Contour Plot
(Flap at 13 degree; Cl /Cl o Clo=l.484)
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Figure 1

Variation of Lift Coefficient with Slat Gap
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LDV Survey Results
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LDV Flow Survey
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