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A1l of the time and cffort dyring thts report perfod yas_vdiregied toward
acquiring, reducing and analyzing hot-wire anemometer data. This experimentaf
s tudy {ncluded twclve cowbinations of chord Reynolds nuaber, angle of attack.

;and freestream distnrbance environment using the NACA 663-018 afrfoll,

. “This research has as 1t. objective the detailed documentation of the
structura and behavier of the scparation bubdble fncluding transition and the
redeveloping boundary layer after reattachment cver aﬁ afrfoil at low Reynolds
numbers, The intent of this work is to further the understanding of the
complex flow phenoﬁena sc thét analytic methods for predicting their formation
and develobment can be 1mproved. These analytic techniques have applications

: fﬁ tha éesign‘and pe?foraance _prédicﬁicﬁ of airfoil:'operaﬁing_ 1n theijew

"ReynOTds nuzber F1ight regima, : . SR

CALCULATIO% OF PARAMETERS .
- The érimary results of this {nvestigation are the variou; %1ow field

parameters that were ca!cthted froem the basfc data. A maxjority of these

- .paremeters. were. Joca 1. -variables. calculated at the points of-;éeparation.
transitfon, and reattachment., Since the 'locations of these pbints were
altered slight?y as additiona] data was’taken, a'ccmpdter code was developed
to handle the 1arga number of tedious ca1cu1atfons. Althdugh'this caTcu?ation :

'.°chcm: kts gﬁhari: in raﬁure. tho t 'fﬁtlaritics that eaistﬂd in the data
a110wed for accurate and consistent computation . of the parameters, Some
precautions had to be taken however, and these will be dfscus;gd_ in more

detail, -

% HKSA Technical Honftor for this Grant fs
. tir. Dan M. Scaars, HASA Langley Rasearch Center,
- Hampton, Virginiz 23665, : SR
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Host of the paraﬁe;ers fncluded in Tables 1 and II are derived " from the
" basic boundary layer varfables and requife 1{ttic additfonal discussion once

the definiticn {s brovided The definiticns of the parametars can be found in

iy . the 1ist of nomenc?ature or on Figure 1 - In tha case of the two angular
fparame~ers. however.._further_discu sion of tha definftion and calculation

2 technique 1: requtred.

S_garuticn Bubhle Locations *f'?ﬂin«ffaa'*

Bafora any paraaeters could be calculated, “the iocatioﬁsv of f1§w
separatfon, transition, ab& reattachment had ‘tb be ;determined. These
{cportant lpcatjons. which ‘coT1ect1ve1y_dcscrfbe ‘the basic character of all
I&mihar separation'bubbles. ware deterﬁ?ned through a carefyl 'éxaminétlbn of

the static pressure and hot-w1re anemomatry data.,  Since static pressure data

-"was cvafichbic at cio or dntervals aleng the airfoi] uprar surface. it was used
; as the pfimary fndicator of bubble 1ccauion3. The hot=vwire prof11es ware used
to confirm the p;e;sure data, and 1n the case of separation, ware sometimes
% used to - further pinpoint the actual location. - In general, the pﬁeégurc and
| hot-wire data shewed good agreemeﬁt; and together provided sufficfent
'.'fnfe?ﬁattcw for. dotern reining detafled bubble locations. | _ ’
' ~ In order to deterwine 'eparation. tranrition, and reattach~ent 10cation°
~.4n a consistent manner, 1t was scmetimes necassary to choose 1ocationsrbetween
. ad‘*can? pressurc taps. In the . caee of separat1o1, this type' of location
'wouid later p*r*it uccuréte cn?cu?ation of the 1eca1 pressure and velccftij:
Vgrad(eats. The_Iochtions of transt fon and reattnchﬂant were tanen as those_
points at which ’uhn prcssure distributfcn exhibited sharp discontinuitie
These disccntinuftfas ware qadﬁtf masked bﬁcausn of the finite di*t&nccs
-hetbrecn taps, - Thus, ynterQTation_,beeh&envpoints_wasJnecgasary‘;o,,fimuthe
‘thé‘}inear>vﬁre§§urg ianuaae that usuaiiy exists bétuéeﬁ'lfréﬁQEEQQh :ﬁnd
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reattachment, In’generai. this process allowed for greater consistency in
Tocating the varfous flow phenomena assocfated with the sepcratjon bubble,

Further justification for assigning 1ocatfonsAbetueen taps came from the

- need for defining uncertainty bands. In mo t cases, ft was obvious thnt' the

_ 1rportant bubble Tocations occurred betueen a pair of adjacent pressure taps.

When this occurred. central locations betuaen the taps were chosen ‘so that
uncertainty bends extcnding across the tuo taps could bn established.
Although the eract locations of thase various flov phnnoaena can be disputed

to some degree, the locations determined represent mean positions within the

 bands of uncertainty, These uncertainties only apply to the pressure

distributions” obtajned in this investlgation which were shown to be very
repeatable. Long term repeatibility tests, however, mighc reveal slight
deviatfons which would further extend the uncértainty bands. In general,
gmall variationa 1n separation, transition, and reattacheent Tocations did notr
signif1cant1y affect thﬁ flna1 results, The bubble tocations assocfated with

each of the experimantal cases are summarized fn Table III,

- Application of Definitions

.- -Althoygh. . the . definitfons of the varfous flowfield parameters are
relatively straightforward, their application to a discrete set of data s not
necessarily trivial, On an airfoil, for example, all length dimensfons should

be moasured é1ong the curved surface., The origin of this coordinate {s

: usu311yrtdkcn &s the point of flow ctagnation. In this inveétigation.ithe are

lengths along the airfoil surface ware apprcx1natﬂd by surming thd"1ine
segmant contributtons ca1cu1nted from  the coordinate pointc. Fortunate1y.

‘additional ccordinatc po1ncs werg uvai1ab|e near 'he 1nnd{ng cdge so - that the

-+ Vinear approzimation we s very gcod

 Another patential problem arose in choesing sultable values [6f the '
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external velocities, Because of the effects of hot-wire preber oriénfation.
the pressure data was used to obtafn all external veloc!ty magnftudes. Since
the Tlocations of separation and transition, &s determined by the process
described above, sometimes fell “on gradient regions of the pressure

distribution the associatcd aexternal velocities ware maasured at the axtreme

'vends of the pressure piateaus instead of at the actual iocations. “Although a

of consistent bubdble locations with accurate parameten calculations.
Because it was necessary to survey the entire boundary layer over the
airfoil. {t was not possible to take data at close enough intervals to aiways

correspond to the exact locations of separation, transition, and reattachment.

For this reason, an {ntarpolation <ccheme was embioyed to calculate wvalues af

ghe vpoints of {interest. - To determine the {ntegrated thicknesses at

separation, for example, it'nas scaetines nacessary to interpolate between 2n

‘upstrean anﬂ' a downstream value, Fortunately, fin most cases, -data was

available at statfons at or very near the desired location so - that the

resultant interpolated values were very relizble,

-3_:U&finition of Anaular Para"etera v :
' The turbulent spreading angie aT is a parameter suggeétéd"by .the
] ;sinpiified bubbie rodal shcwn in Figure 1. In attnmpting to approiimate tha

b.f{ ragnitude of this nngie. the ,neanﬂtric irpiificatio1 shown 1n Figure 2a was

_— rciatively minnr paint, this distinction was necessary to combine the effects

"?n erwicved _ Harg, tha origin of the tur Lulnnce was ta?cn to be. the point of B

naximun turbu1ence intensity at transition. This point gennraiiy fei? at or‘ :

_very near the verticai center of the free shear iayer. From this point, the

turbulence was assumad to spread ‘betucen tvo  1linoar _boundarfes - extending

s outnard to the boundary 7ayer edre ard th~ airfoii Jurface at rea»tach nant,

L L L NI I

S Bith hic sirpiification. caicuiarion of aT brc na triviai once ﬁi f points'b?"
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transiiion and reattachment were determined.
The final parameter which . requires addftfonal dfscussion 1s the .ahgie Y

formed between the airfoil surface and the separation streamiine., Because of

‘the problems associated with the flow visualigition data, a direct measdrément
~of this aﬁgle was basically impossible. AsISuch. {t was necessary to use

:hbt?ﬁi}e velocity’ prof11és to. estimate this {mportant paraméter. This

procedure {nvolved determinfng' ;héfhé1ghts of the recirculation regfon at

~ three or more statfons just downstream of separation, These heights were

deffned as those distahcés over which thé vé1ocity Eatios U/Ugg were very

small, and the profiles had extremely large slopes. These hefghts were

plotted versus the surface arc length at which the corresponding profiles were

taken, This particular definition of a separation angle on a curved surface.

is similar to that propased by Dobbinga et al [1]. Fortunately;-thg points

corresbonding to th2 laminar free shear layer generally fell on a_;singTe 1ine

which could be extiapolated back to form an angle, The éeparation aﬁg1e so
defined {5 shown schematically in Figure 2b. '
"~ DISCUSSION OF RESULTS

- .-:.. During the datz ;acquis1tion phase of thfs investigatlion, the separation

bubble flowfield over the afrfoll was surveyed for - twelve -different -

conditfons. These conditions were chosen in such a way that the effects of

o Reynolds number, -angle of attack, and disturbance environment could be

v_bfsolaﬁs§.’ Klong- with {ndicating “such  behavioral trends, the data- also -

prov!ded>va1uab1ev 1hs§ght'into tha ,strucfure cf' the s&parétiéﬁ bc§ﬁte._5 In

' ;dditfon. the developmedt of the turbulent boundary '1ayer downstream . of

reattachmant was fnvestigated,

_ The 1important separation bubble paramsters are cempi?edbwtcgether” in

Tables I and IT. These values wers caleulated from the basic. daty once the
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positions of separ&tion. tfanéition. ﬁﬁd.reattachment_were deféfmined. A Tist
of the actual bubble locatfons used in the‘analysis 1s {ncluded 1n Table III.
As {llustrated fn Figure 1, the 1lenath dimensions, 13, 12, and Vg used
-throdghout this 1nvestigation represent distances heasured atong the dirfoi1
- surface, Definitions of the varfous parameters are 1nc1u¢ed in the 1ist of
'nomenclature. | The more {involved cafcﬁl&tion schemes used to determine the
angular parameters QT and y were described earlier,

General Separatfon Bubble Characteristics

o L-.(r_:xﬁ'ﬁng:gh,-g;;;;-;@&ﬁ?_}lQ,‘_s_?g:;-;-.,ﬂéwd;rl’&-w*-:iv‘n‘ AT AT A RSt oA e

As-shown in Figures 3 and 4, the chord Reynolds number has an {mportant

i

mT——————
Yo

.-effect on the'separation bubble flowffeld. These figures show the effects of
Reynolds number for the one and zero flow restrictor cases respectively. As
Filgure 3 1nd1catés. the length of the separatfon bubble decreases as the chord
Reynolds 'number {s increased. As the tunnel speed 1{s elevated to achieve
higher Reyno1ds number 'testing conditions, the rate at which sda11
disturbances are being uﬁpTificd in the unstable laminar shear Tayer fs

% {ncreased.  This causes . forward movement {n the point of transition’ which

subsequently reduces the overall length of the separafion bubble.

- s -the bubble. .diminishes, 1n length, the pressure distribution becores
less “distorted“. and & higher suction peak {s attafned. This 1mp11es “that
cﬁanges in the separation bubble significantly affect ihe entire” Teading edge

flow. As a result, the upstrean pressure distribution 1s highly depéndent on

“the chord Rejnolds nuu“er. As shoun in Figure 4, hcuever, the effect of the
bubble on the downstrezm flcdfield appears to be minimal. - SEEY
A _‘ The effect of chord Reynoldf number on total oubb1e 1ength s sumﬂar1zed
L inFigure 5. In this figure, the bubble lengths lp ldsted fn Table I are
piotied Qersus Reynolds number for all of the lzldegrcerangje oanttack cases. .

As 1ndfcated,.the bubble more than doubles in length as'the chord'Réyﬁolds

g i a iy L
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number is decreased from Re = 140,000 to R = 50,000, Each of tﬁg d{fferent

flou restrictor cases exhibit the same trend with Reynoids number although the

~ magnitudes of 1g are shifted. This can be seen by the dotted Tine which

connects the three cases at Re - -14d,000. . The shift {: ﬁagnitube of 1g
fndicates that bubble Tength is also a dfirect function of the dfsturbance

~ environment. Although the 1level of>‘freestream turbulence fncreased as the

chord Reynolds number (tunnel speed) was {ncreased, the latter effect appears

to predomfnaté. It 13, however, impossiblie to totally uncouple the two

~effects when changes in tunnel speed are used to alter the chord Reynolds

nunber, _

Although changes {in Reynolds number cou1d not be achfeved without slfght
changes in the'disturbance environmeni for the given model, 1tbwas possiblie to
fsolate the effects_of freestream turbulence, This was made possfb1e through
the introduction of flow restfictors' which have been shown io alter the
testing environment [2]. Pressure distributions obtained at various levels of _

freestream turbulence are shown {n Figures 6 and 7, As the tqrbu1éﬁce-1eve1

{s increased, the bubble {is reduced in 1length, and the suction peak grows in
- ‘abso1ute nagnitude.‘, This wn11 known phcnomenon so closely resewbIes those :

effect obtained by 1ncrea°ing the chord Reynolds nuwber that the two- are often

equated. " This has given rise to the use of "effective" Reynolds nnmbers

when dealing with various disturbance environments or when discussing the

effecta of different typﬂs of surface roughness [3]

The correlatfon betwecr 1ncreases 1n freastreaﬂ turbu1ence and increases‘

1n Reynolds nu .ber is shown dranatica11y in Figure 8. Except fo" the slight

'devfat10n71n the suction packs, these distributions are basicaT?y 1denuica]. :

Thus, the caﬁe of Re = 140,000, o = 12°, 2 flow rostrictors can be sald to

have an "effective" chord Reynolds number of 200,000 thh 0 flow re%irfctors.
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Starting from tha-base conditfon (Re = 140,000, OFR), an 1ncré§§é. in
tdrbu1ence “intensity of 612% or An {ncreasa fn' Reynolds number of 43zifs
- required to produce the common pressure distr1bution.- Associated Q{tb the
Reynolds number increase was a 42% 1ncreasc ifn the freestream turbp1ence

intensity. Given these {ncremental magnitudeﬁ,'it appeafs that, 1n general,

ST SR ML Pl

7

the small rise in turbulence level assocfated with {ncreases fn tunnel speed
contributes relatfvely 1ittle to the overall effect of increasfng the chord
Reynolds numbéf. Thus, for a‘given_ tunnel configurafion, changes _1n.spged'?
predominate over accompanyiﬁg changes {n turbulence fevelé as the drjving
mechanisn which affects the separatfon bubble,
7 Along with chord Reynolds number and freestream turbulence 1ntensity; the
separation buoble flowfield fs also affected by changes fn angle of attack.
These affects are shown in Figures 9-11 for three different tesffng
.1ﬂcond1tfons. As the angle of attack is increased from 8 to 10 degress, the
'pofnt of laminar . separation moves forward from approximaté1y 3.72 to
approximately 2.8% X/C.'but thére is no s1gn1f1cant chanée in the 1lergth of
- the bubbTe; At 12 degrees angle of attack, the bubble has again moved forward
but has now increased in Tength.  As a given angle of attack, the separation
- point rcanin° e,sentiaTIy unchanged ovér the entire ranga of Reyno1d° nuwber.

The effect of angle of attack on the bubble length 1y 14 sunmmarized 1in Figure

In addition to thﬂ overall 1ength the thickness of the separation bubble

ié a parameter thau' is ‘°1gn1f1canu1y affncted by the varioua- testing
bcohdit{ons. qu the sake of . comparision, the height of the recircu1ation
“region at transition {Hg)T was determined from each set ﬁf velocity profiles,
These thicknesses are plotted versus chord Reynolds number in Fiﬁure i3. This

figure fndicates that a sharp reductfon {n bubble thickness occurs ™ as the

s R e R T »H-n'f'*' ety
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chord Reynolds ﬁumber.is 1ncrea§ed.'- The bubble _at Rec = 50,000 is almost 3
times ;hicker at transition than the corresponding bubble at R = 140,000,

This seems to imply that the bubble'thickness i{s closely related to the total
bubble length, This almost 1inear relationship {s plotted in Figure'ld. "The

Vinfted number of points available in Table I also indfcate that the bubble

thickness increases as the anglé of attack 1s 1hcreased;  This pﬁenomenon was.

- confirmed by flow visualization data.

~In addition to defermining the overall separation bubble characterisfics.
the recent work has focused on uocumenting the various structural components
comprising the bubble.  This documentation 1{nvolved a detailed investigation
of the varfous flow.phenomena associated with the bubble, as well as, a study

of the redev {oping turbu]ent boundary layer downstreem of reattachment., Once

- this documentat1on was completed, the large amount of experimental data was

. analyzed in terms of existing physical and mathematica1 models of the flow

field. The result' of this analysis indicated that further work is needed to
adequately model the flow over an airfoil at 7low Reynolds nuibers, It

appﬂars, however. that this work, which 1s described in detail 1{in Reference

-. 21, has providﬂd the groundwork for future improvements 1n the dnsign and

performance prediction of 1ow Reynolds number afrfoils.
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HOMENCLATURE

¢ A1rfo11 chord, mm

Cp Pressure coeff1c1ent Cp = (Py - prs)/Qfs

% FR Flow Resyrictor
1 Hr Transition’height mm

- Hip Shape factor eaual to the boundary layer disp1acement thicxness,, e
‘ divided by the momentum thickness

.. Hzp Shape factor equal to the boundary layer eneroy thickness divided by
the momentum thickness
23 Total bubble length, rm
21 Bubble Iength from separation to transition

22 dubtle length from transition to reattacbment

R3’2 Reynolds number 'based on momentum thickness, U 8 o/u

: Rl Reynolds mmber tased on laminar length, U 1 p/ll
1

"R Reattacl-mant 1ocat10n _ B : ‘

. 361 Reynolds mumter peseé on displacenent thickness, U 8¢ p/u
Rc Chord Reynolds number

Ry Réyno.l,ds mmbexr baged on surfa.ce are length

s .
RlB Reyrolds mmber btased on tota.l tubble length

B ﬁ" Laminar separation Tocation - Surface arc length coozdiﬁata“‘
S'  Turbulent separation location
T Locat}on of apperfmate end of transition
Y Velocity . o ' ‘
U Fluctua.tirrr veloci.ty cox:ponan’c
_Ufs Fresstrezm velocity |

- X/C . Nondimensicnal distance 2leng chord’
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Greek Symbols

a  Angle of attack
Y- Separation angle

| Tﬁfbulént spreading angle
§f Boundary tayer displacement thickness
&3 Boundary layer energy thickness
Boundary 1ayer‘momentum thickness

KXinematic viscosity
P Density

Subscripts

fs Freestream.
R Reattachment
S Separation
T Transition

ext Extermal

atm Atmosphexe

2y
;3
v
L
i
i
ot
¥
L.
-
5
3
1
¥
<3
i

CEL B
3

w . Uncertainty magn'tude
. Bubble = |

S' Turtulent S pdration

vy
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TABLE T
IPORTANT FLOW FIELD PARFMETERS

Ngraitten | o reor | neatsa | remz0ox | semsertd reaor | acennx | aeetoon | acetook | mestaok | messox | meesor | mesraor %
arl2” axl2’ ori2* a*12% 1 a*10° a=12* a»10° a*i2® aq*}2°* 0*10° a*12°® a*12°®
GFR | GFR CFR 1FR .| 1FR 172 | LFR 1FR 1R | e 2FR 7
Paraneter ‘ ‘ N e ' .
(s s ) 1s 12.3 9.9 22,60 | 12.7 | 167 | 10.2 14.2 19.3 1s.5 | 13.8 9.0
Cepdsie sy ] 7. 6.5 | e.3 129 | 8.3 9.2 5.9 1.8 5.5 10,0 | 110 1.8 1
radsie B | 6.5 5.9 | a2 9.1°.] 4.3 7.5 33 | s.a s.3 5.5 7.2 1.2 .
- (Hgly 130) 2.54 . 0.46 { 0.29 1.13 0.54 0.30 } .. 0,82 0.63 0.37 0.67 1.13 .23 :
LEr 20 2.79 0.6 | 05 | 16} o7l el a7 0.32 | 0.63 c.86 ] .20 o.s2 L
s f=fs) ) 12,0 12.9 25.6 5.7 9.2 9.4 | 117 | 1290 37.3 5.7 58 | e
cuptassy o | o208 | 25 5.6 | 9.2 | 9.4 | 117 12,1 | 2 | sy | ose e
Cuptessy | o138 | 158§ 203 | 45 | 7.3 7.5 | 6.5 9.5 | 135 a6 a6 | 180
Ctsps 3 | ocas | o0z | oae | o.2s]| e.23) n2¢f 0.9 23 1 0.0 0.26 } 2.25 % .17
Sl tspig (26 | 2.3 0.66 | 0.3 1.37} o0.e5] o0.50] o0.41 0.75 | 0.a4 ear ] 3] e !
Cspdg fsc) | 0.0e0 | 0.036 | c.036 | 0,059 o.059] o.0s0] o0.052| o.003] o.084 | c.0790 .02 .00 :
g (300} 0.38 | 037 | o0.20 | o.65) o0.25| o0.43]. 0.2 0.39 0.26 | o0.3s]| oen| r.23
Codingls | 409 | 466 | 3.8 4.6 3.90] 4.48] a.s0 a.91 ¢.28 261 138 4.2 -
e | s | 108 1.72 2.08/) 1.82) 1.88) 1.5 196 | 1o 22 sl onis
. . ' - ¥ R .
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TABLE II |
IMPORTART FLOW FIELD PARMHETERS CONT'D

fondition Re=149K [ Re=160L | Re=200K | Rex50K |'Rc=B0¥. | ReeROX | Re=100R | Ree100n | Re=180r | Re=SMK | Ree SOx | fo=panr .
as12° av12® arl2’ a=12® |. a0 nv12° n=10° a*12* atl2* as10° a=}2® arl?®
7R _GFR ofR IR | 1FY IFR IFR IFR IFR g i ae

- -Parasetar
ti32)s 1.49 1.57 1.51 1.52 1.53 1.s¢ | 1.5 1.40 1.50 1.50 1.53 1.50
{H3zlg 1.65 1.64 1.65 156 | 1.63 1.61 1.66 1.61 | 1.66 1.55 1.7 1.65
Reg = 1074 31 3.85 .76 2.05 1.n8 2.42 1.96 2.64 2.80 1.40 1.73 2.54
ey = 10781 1.33 7.m 2.1 1.20 1.23 1.4 1.26 1.44 1.40 0.903 1.m 1.7
(ag)sed6™dy 1,92 z.20 3.04 0.656 | 1.00 1.02 1.24 1.31 1.97 0.671 0,699 c.ns
trs)peio=dy 207 5.21 5.06 1.86 2.23 2.36 2.50 2.75 3.46 | 1.57 1.71 .47
{Rs1)s 445,0 557,60 | 582.0 {229.0 [346.0 343.0 346.0 424.0 s19.0 {2330 | 226.0. | 4sa.n
REITIT 102,09 105.0 150.0 55.0 7.0 2.9 5.0 79.0 119.0 7.0} 610 m.a’
- ay (Ceg) 29.0 5.5 21.5 35.5 30.0 26.5 51.0 28.0 25.5 30.5 . | 355 2.5
'y {Deg) 8.0 6.5 6.0 9.0 4.0 6.5 5.0 6.5 6.0 1.0 | 65 | s ]
RETPIINE 2.56 2.79 2.69 1.87 2.40 2.10 2.52 ) 2.13 2.68 2.51 2.8
NUSPIEN 1.53 1.52 ! 1.53 1.63 1.55 1.58 1.54 1.56 | 1.52 1.54 1.53 1.52
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Condftion

R.»140,000
A?phanlz Deg -
0 FR
R.=160,000
ATphasi2 Deg
0 FR

Re2200,000
A?phaﬂlz Deg
0FfFR . -

R.»50,000
A?pha-lz Deg
1 FR

© R.=80,000

Alpha=10 Deg
1FR. .

R.=80,000
A?pha=12 Deg
1 FR

=100,000

R
-Aipha?lO.Dgg .-

1 FR

R.=100,000
afpha=l2 Deg
] FR ,

RC=140,000
Alphasl2 Dag
1FR
Re#50,000
A?phaﬂlo Deq
‘2 FR :

R.=50,000
A?phaslz Deg -
2 R

140,000

R
’ A?pha= 12 Deg
-~ 2FR

. TABLE TII
SEPARATION BUBBLE LOCATIONS

Sep&ration
(x/¢ %)

2.0 +/- 0.4

éoo +/‘ 0.4

2.2 +/- 0.2

2.0 +/- 0.4

2.8 #/- 0.5

2.0 +/- 004

__’208_.*‘/_‘.'0.‘5. .
2.0 +/- 0.4

3.4 +/- 0.4

2.5 +/- 0.3

2.2 +- 0.2

Transfition
(Xx/C %)

28,7 +/-0.6

800 +/‘ 0-7

6.7 +/- 0.6

14.3 +/- 0-6

© 10.7 +/- 0.8

1007 +,' 0-8

9.3 +/- 0.6

9.3 +/- 0.6

) 7.3 +/‘ 0-4

13.0 +/- 0.5

13-0 +/"‘ 0-

it )

6.7 4/= 0.6

‘Reattachment
(x/¢ %)

T 1500 +/. 1.0 .

13,7 +/- 1.0

10.7 +/- 0.8

7 23.3 */‘ 1.2

15,0 4/- 0.7

18.0 +/-1.2

; '15?5 +- 1.2
_.¥;12;q +-0.5
e

: zo,7vf{*ii¢é‘

10,7 +/- 0.8
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