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SUMMARY

>- ~~~~~0... A laser veloclrneteE
~
was installed in the Langley 4— by 7—meter

low—speed (V/STOL) tunnel t~~measureJ~the velocity field about a wing
with a NACA 0012 airfoil section~ T~ese Inaasurements were compared at
two low anglas of attack (0~ , 4.l5,~? 

with a two—dimensional viscous—flow
__j prediction program. At 0~ , ~he corn~arison provided confidence in the

effectiveness and accurac~~of the laser velocimeter. At 4. l5~~, the data
_____ indicated that a small laminar separadon bubble with oscillating shear

layer probably existed . The unique capability of the laser velocimeter

~~~~ 
in measuring absolute flow magnitude and direction without prior know—____ ledge of general flow direction was demonstrated in the comp lex separated
reverse flows over the wing at an angle of attack of l9. 4~~

INTRODUCTION

The laser velocimeter (LV) is a non—intrusive velocity measure-
ment instrument. Its application has been demonstrated in difficult
situa t ions ~.‘here conventior.al devices either cannot survive or their
presen ce would severely influence the measurement desired. Reference 1
describes the application of the LV in determining the ve loc i t y  charac-
teristics within turbine stages of an engine assembly where pressure
probe blockage was found to a f f ec t  the velocity measurement significantly.
In very low velocity situations with  large turbulent  s t r u c t u r e , the LV
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has been found to be very effective (see refs. 2 and 3). In this
situation , ireasurement by conventional devices would have been very
cumbersome with large rapid traversing mechanisms which would have
inherently influenced the velocity field . In many situations, the
direction of the velocity at the desired measurement location is not
known. In this case, conventional measurement techniques require
careful measurements of flow direction before precise velocity measure-
ments could be obtained. Often the researcher is faced with the problem
of obtaining velocity measurements where flow direction is unknown and
insertion of conventional devices will cause damage to the instrument
or the model . The determination of the in—plane velocity characteris-
tics of a helicopter rotor system provides the most comprehensive use
of the unique capabilities of the LV (ref. 4).

An LV system installed in the 4— by 7—meter low—speed (V/STOL)
tunnel at Langley was designed to accomplish two objectives: (1) to
demonstrate and verify the use of the LV in this facility by comparison
with theoretical techniques, and (2) to determine the flow characteris-
tics over a stalled three—dimensional wing.

SYMBOLS

The axes used for this investigation are presented in figure 1.
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Figure 1. — Sketch of axis system used including
directions of velocity components computed.

The velocity measurement position was referenced to the airfoil chord--
line, and the velocity measurement magnitude was referenced to the f r ’ e —
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HOAD* ,YOUNG , MEYERS

stream direction. The units for the physical quantities defined in this
paper are the International System of Ut-its. Most quantities were
measured in this  system; howe cier , some ~ere measured in the U. S.
Customary Units  and converted by using fac tors  given in reference 5.

c wing chord , 0.3048 m

N number of velocity measurements in one ensemble

number of velocity measurements in ith histogram interval (13

percent of N

U
f 

local velocity component , parallel to direction of free—
stream velocity , rn/sec

U
L 

local velocity component in LV optics coordinate system , 45°
above tunnel centerline (see fig. 1)

local total velocity, ÷ 
2 

, rn/ sec

UT 
free—stream velocity determined from pitot—static probe ,

rn/sec

Vf 
local velocity component , perpendicular to direction of fre~—

stream velocity, rn/soc

V
L 

local velocity component In LV optics coordinate system, 45°
below tunnel centerline (see fig. 1)

X ,Y coordinate axis relative to wing chord
C C

distance downstream from airfoil leading edge along chord , rn

distance above wing chord , perpendicular to it , in

a wing angle of attack , deg

APPARATUS

A fr inge—type LV optics system operating in the bnckscat tcr  mode
was used for  these tests. A sketch of the optics system Is presented In
f igure 2 , and a photograph is presented in f igu re  3. A high— speed burst
counter was used to measure the period ef the high—frequency signal

I
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contained n the burst from a particle traversing the sample volume.
LV system ontrol , dat a acquisition , and data red uctio n we re handled by
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Figure 2. — Sdiematic of the LV optics.
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Figure 3. — l’hotograph of the LV optics.

a min icomput er .  A comp le t e  description of the LV optical sy~ Iem , eli-c—
tronics system , and data acquisition and reduction is available in
reference 6.

1 

— -
~~~~

• - •
~~~~~

- -



}LOAD * ,YOUNG ,MEYERS

The model used in this investigation was a simple strai ght wing. It
had a span of 2.438 m, a chord of 0.3048 in, and a NACA 0012 airfoil
section. Velocity measurements were made at center span to obtain
two—d imensional charac ter i st i cs . The wing was supported by s t ru t s
from the floor near the tunnel centerline with  no balance measureInent~
ta ken. The location of the s t r u t  mount to the wing was chosen as far
outboard as structurall y feasible to minimize flow dis turbance at the
wing ce n te r line . A photogr aph of the model wit h crossing laser beams
is presented in f igure  4.

—- •—, .—~~ ••- —.—
~~~ .•——•- •-_ • - • 

- - - ,•— - I

I
Figure 4. — Straight wing with NACA 0012 airfoil

section installed in V/STOL tunnel with
crossing laser beams.

This ivestigat ion was conducted In the Langley 4— by 7—meter
low—speed (V/ STOL) tunnel  at a nominal f ree—stream Mach number of 0.15.
The Reynolds number based on the wing chord was approximately 1 x 106.
Local flow velocities were rleasured about the wing centerspari at three
angles of attack : 0° , 4.15°, and 19.4° . The low angle—of—attack
measurements were obtained to compare with a two—dimensional theoretical
prediction technique (ref. 7), and the high angle—of—attack measurements
were obtained to define the flow—field characteristics over a separated
airfoil.

A pitot—static probe was mounted 2.5 in below and 1 m ahead of the
the wing centerline to provide accurate  reference for the f ree—stream
tunnel dynamic pressure. A hygrometer was used to obtain wet bulb ten~—
peratu res and , tot al li-n I tt l it tire ~as lha ~Itired in t lie se ttling c liaptitor .
Thus I lie I Uiil)t I a I E di lil it V Cclii I i i  be t a  1 cii i a I c:d , and wit Ii thnain ii
pressure mc asur ~ n ent  s , I lu’ tunne l ye oc i t  v c c l i i i  d hi  accura U ely determined .
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DISCUSSION

Veloc i ty  inca :;urclnent s at each i i ~ asurelnent location were f t  rs t
reduced to lu st  ogr an f o r m . These d:it a I or t l i t  wing at (1 00 and 4.1 5 ’
(rebu t lye  I o tunne l ~ coinc t z. i c Ci nI or! iflt ) along wi t 1 i a descr i p t i o n  ol
data  reduction technique , histogram bit Lrpretat lou , and com p u te error
analysis  can be found in reference 6.

Free—st ream Vt ’ l O t  I L V nk?~ 2 S L I  r c -n ien t  s were oh tal nod w i t  Ii rho LV in
the clear t u n n e l  it the location of the  wing center l ine , ‘l Iu ’sc data
in d icate d  an average  upwaslu  5in ~5 I c  of 0. b ° (r d at lye t o  tunnel geometric
c e n ter l i ne)  . i h e  w ing  wa~; i n s ta l led  w i t h  th e  eh or dl inc  p a r a l l e l  to t e s t —
sect ion c e n te r l i n e ; t h er e for e , the  e f f e c t  IVi ang le  of at t a c k  was assume d
to he 0.6 ° . lt is known , howt’vt~r , that the  p r i s e l i c t ’ of t h e  w i n g  and
struts change thi s angle, bu t the magni tude of th i s  change is not kn o w i .

Predict ion Techni que

The ex te rna l fo rce s  k :t ut r . it cd  on a body in a f l u i d  5ir e m an i fes—
t ed  i i i  t he  Vt  l I l t  i t  v d is tr ib u t  i~~n el the  f l u id  about th e  body . In
develop Ing :1 prod i~-t ion t.t clmi quc t he ca lculat ions  at the s u r f a c e  of
the bod~’ a : t  v e i l  t i e d  w i t h  convent  ton a l  pressure  and fo rce  measurem ents
Re fcr e nc e  7 p r t -~.c ut  s Si l l  c X c t ’ 11 t’ i it  ( 0~~ fl i t - i S O f l  w i t i t  measured su r face
pressures  f o r  L i i i  v i s c o u s — f l o w  p r e d ict i o n . S i n ce  the local su r f ac e
pressures a l t  t ouc~’ut ed I rein prcd l e t  ed local s u r f a ce  veloci t ic s , i t  is
just iflablo t o  quest  ion the va l idity of the p r e d i c t e d  v e loc i t ie s  aw~iv
f rom t h e  su r t  ~n • t h e  nccd t o  vor 11 V t i i c sc  p r e d i c t i o n  ve loci t ies  is
evident • T u e  use of C t ’ l l \ c 1l1 . lona l prob es  near the  su r face  cal sos
t ions about the  a c cu r a cy  of  t h e  mcasur en~cnt bccacis~- of the t u t o r  f i l c n c t s
caused lc~ L lie l ) t C I t ’ I l c t  of t he ptcb&’ . i t  was de termi ned t h a t  the  LV was
a dev ice capable  ot  II~~ . 1sLIL ing  t h i s  1 low f i e ld  wi t h u o u t  i nduc ing  any
in t e r f c r o n c t  l i l ce  n o t h  u 5 was pr i~~t n t  in thit ’ f i e l d  but the wing and
light beams .

The thet’rv for this prediction technique (ref. 7) involves an
i te r at  lvi  p r o c - J u t e  wli i ch i  f t  r st  o b ta i ns  an i n v i s c i d— f l o w  so l u t ion for
the basic airt oil • I t  col p u i c s  a l)ound r V— l ay e r  so lut  ion b:u ed on the
Invise id—f l o w so I itt [on and c o i i : ; t  ru ct  a modif  lt d  a i r f o i l  by add ing  h u e
bounda ry—lay e r  d tsp t i c t ; c n t  t l i  i ~kn t ; t c t h e  ori ginal a i r f o i l  • it
o b t a i ns  t i l l  l~~V i se  id s o l ut  ion b r  the modi fied a ir ~ ol .l and repeats  t l i ~~ e
s teps  u n t i l  . I i l l l & 1 5 1 5 1  i l l  e et l L i Vt I gt ’ m u c ’ cr11 or Ia ar e sat i s f i od . i lie f i e l d
point veloc i I i c r  5u r  e U l ien comput ed  I~ rorn the  von Ic it y d ir t  r i bu t ion
along the  mod i f  l e d  ;i i i  f c l  11 .
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Experiment—Theory Comparison

A t a  = 0°. — Veloci ty  vectors a ;  measured by the LV for the
wing at a 06 are presented in figure 5. Each velocity vector (arrow)

SCANS

4—44~--44 _4 4 4 
~~-*-~-4-4--~-~~4 -4 4 4

Figure 5. — Velocity vec to r s  computed from
measurements over the wing it a geometric

angle of attack of 00
.

is an average of an ensemble of measurci’;ents taken over a short period
of t u e  at the desired location. This a -row Plot Indicates the re lat ive
location of the ve loc i ty  meas ureme n ts, magn i tude and angle of the velo-
city vector. The velocity magnitude and direction is indicated b the
length and o r i en tat ion  of the arrow. T u e  posit ion of velocity measure-
ment is marke d by the ta i l  end of the arrow . T h e  tunnel  f ree—st  ream
magnitude and direction reference is prov ided in the lower left corner
of the f igure .

The velocity measurements we re obtained 1w pos i t ion ing  the sam-
ple volume at a desired chordwise s t a t i on  (x / c ) ,  and inc rement ing  t h e
entire optics package downward along this chordwise station . This w.ms
accomp lished remotely and was complete l y control led 1w the mini  c’omptut  or .
Four of these series of mea u re l ; l c n l s  (scans A , B, C, and 1) from fig. 5)
are presented in more detai l  in f igure  6. This f i g u r e  presents a
comparison be tween LV measured vu loc i t  it ’ ;  am id t h e  two—d imef l s i  o t i t i
v i s c o u s— f l o w  predict ion. The comparison is presented wi th the r e s u l t a n t
Velocity nondimonsi onalized b y tunnel t r ee—st r eam v e l o c i ty  as a f u n c t i o n
of the vert ical  Posi t ion of the  measurement noiidimensiouali ;:ed by wing
chord .

L
_ _ _ _ _  
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Figure t~~. — Compar ison of LV (low—f le hi velocit
measurements wi lb a t w o — d i m e u i ; 10 1 11 1 v i s t o i i ~~—f low
pred ic t ion .  k ing  g e om e t r i c  angl e of a t ta c k  0~’ .

The f ree—st  i-earn upwash an g l e  w i t h o u t  wi iig or support ; was measured at
0.6* at  th is  Mach number .  Typ ical  lv , f l o w  an g u l a r i ty  i s  a f f e c t  1’d ll\ a
model ~ 5 presence • I t  is  normal  lv do to rmined by  mu odel u~ r i 1~h t and i l ive r—
ted ang le—of—a t t ack  r;ungoc . Comparisons ot ba lance  data f rom t hose t we
condi t ions  pr ov  ides the  t ot a l  f low an g u l a r i ty .  It is  v e r  di 1 f i cui l  I to
obtain th is  typ e  of me:isurenent wi t h t  d i s c r e t e  \ e l cc  i t  y r~’ ;su1emaent ;; in
the presence of thit ’ model • Since no ha I Z1Ul O m e a su r e m e n t  were  oh Ia 1 ned
in this  i nvest  ip a t  ion , t h e -re  is  sor e t in e  cr 1 a t i l t  v in ~ he c t let ’ t ive  angl~’
of at tack of the wing. l’redi c ted v o l  oc i t  i t s  \5ore  c a l c u l a te d  f i r s t  is; i ;ig

t the measured 0. b~ tunnel  f l o w  ang le  w i t h o u t  the w i n g  These Ire  p u t s e l—
ted as dashed lines w i t h  maximum d i  r cr ep an c  Ic ;; on t he ot t i e r e l  (~ po r e d - i t
Calcula tions i~ere  repeat e d i-’ ith  a one degree s h if t  i i i  lug  I c  ci  at t 5 1 e l s  t O
provide an as ;ossment  ~f the e f f e t -  t of uace ’rt alnt in t ii measu i-ement
These ca lcu la t ions  are  presented as so 1 Id l i ne s  w i t  hi c’t — 0 . 4 5 -’ and
indica ted bet  t or ag r e e men t  with theo ry . It is ohvl ens in those e-empar i—
son that t lie precise mea s u r e m e n t  ul  t lie c velocities depended on t lie
precise d e t e r m i n a t i o n  i i i  the ci  ~ ee t I ye a n g l e  of at tack ot lie w i l i g .  i t
is justified to say , however , tha t these dat a prov ide  a qu an t  i t  a t  I ye ’
and qualitative n~~asure  of the accuracy and ae5 cptabil itv ol L\’ measure-
ments about a lifting surface.

At ci 4.15°. — The veloc i t y  vectors as measured liv t h e  I V  for
the w ing at a geometr ic  angle of a t t a c k  of 4 .l~~° are presented  In
f igure  7 • Four of these se i j os of mcasu remi t ’n t s  (scans A , h , C , auiel  D

from f ig .  ~) are presented in more d et a i l  in  f i gu re 8. A;; b e for e ’ , th i  is
p resents a comparison between IV me i s t u i e d  ve ’leic i t ies  and t h e  two—
dimensional v lscous—fiow pred ic t ion  fo r  the I our scans w i t h  large

0
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Figure 7. — Veloci ty  vectors computed from measureme nt s

over the wing.  Geome t ric angle of a t t a c k  4.15° .

- 
~ 
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Figure 8. — Compar i son  of LV f l o w — f i e l d  ve loc i ty
measurements  w i  t h i  a two—dimens iona l  v i s c o u s— I  low
predic t ion .  Wing geometric  angle of attack = 4.15°.

velocity gradients. Predicted velocities using the measured 0 .6” tunn e ’l
f low ang le ( wit h o u t  the w i n g )  are pr e s e n t e d  as ehisl ieei  I t i i es  . flie agre e —
ment is not good p a r t i c u l a r l y  \ ‘ery near the lead lu g  edge ( - e an s  Ii and
C) • Based on the data  pr e sent e’e! for  th ie  w i n g  cit 0 0 

, an aei j ii ;; t e d  f low
angular i ty  (— 1.0° ) was cheisen to o b t ain  an app ro~ i mat ion of I 1i~ f f  e
tive angle ot attack (3.  75 °) . Th ose da t a  are presented as a so] i d l i i i
and show good agreement for  scans A and I) , but sI ill poor agreement for
scans B and C. The LV measure d ye ’ l o t  i t  les for  se - i n  C pa r t  i t - i t  I ir 1 v
indicaçe a d i f f e r e n t  ; iwipe ’ i i i  the Vt ’ 1 ed ty iwofI le .  T h m i ~ su ggest  t h a t
more than flow angu la r i t y  uncer ta in ty  e x i s t e d .  ih ie  basic h i s t o g ra m  d 5u ~ t

0
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Figure  9. — h i stogram dcii a for scan C.
Win g  geometr ic  ang le of at tack 4.15°.

Ii’ F f o u l  o 1 he v~- to; i t V ye et ors w i t h i n  i i i  i s  scan are presented in
f i g u re  ~. ‘l iii’ I o c t  1 I low ch i a r ac i  o r i s t  ics f or  these Vt ’C t OF ;;  a re  pr e’sen—
ted in hi  st og ram t e rm [or vee t t ’i ; ;  1 , 7, 8 and 10.

A ~ket oh ol t he wiag  c’ io s ; ; —s e ’ e l len  w i t h  ar rows i n d i c a t i ng
t he ros i t  i ~ii , eh t t e ’ e t  i o n , anti re l i t  ly e  magn I t ude of t he mean Vt ’ i t ’ c I t  y
v e c t o m  ;; i S  ;t l  prey t i l e d  in I I gore q 

• A Ve ’c t O t  Is an ave l- ige of  an =
I e ti I dal i te ~ :u t r o d  a t  t h e  p o s i t  ion dc ;; i r e d .  l i lt ’ his  tog m m ;  is  a

grap h i ca I rcpt-esenta t ion  of the  var iat ion of Vt ’ lee l t  v mt’asureel over a
t im e .’ p t r  it ’d .  The are p r e s en t  ed wi t h i  N pc i-cent . lge 01 t h a t  flitiiibe ’ F
of rncasul- e. r lent s w it hin i nerc ;;~’ntal  ~‘eloe i t  v hand , ~is a fu n ct  Ion of
veloci ty . The ha ;; i c LV coord m at e  sys t e n  U 1 Component is p r e sen t e d
on the ie’ f~ and the \‘ j compo n en t  on the righ t. interpretation 01
lu st ogr am lnform.i t ion is provided in re fe re rice ’ b.

Th e’ histograms above the su r f a c e ’  (vector ;; 1—7)  are w e l l  d e f i n e d
51 an— I ‘‘~ t ’ elist r i b u t  ccl ye lee i lv rne’;t sit I i l m e l i t s .  \~~~‘ 1 V  !ie ’~il  t l ie ’ stir fat~ ’

the h i st o gr a m  ~vet t or ;; 8—1 0) ht ~ s two peaL ;; , i.’h m t c h  in d i c a te  two 1’tt d om ; fldflt
velocity value;; . At t ii p0;; It  i en and subsequent pos i t  OtiS , t lie 1 1 ow
exper iences  an esci II  at ton he ’ tween th t ’ two values , sc’niotime ’ t; w i t h  gi c i t  ‘r

I
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tcr:de ’ucy to  ~ie ’ at or n ear c ’z ;O Va l ii. - t h an  t h e  ot t i e r , hut  ;; 1t eiicl ;; i it t  Ic
t into be twee ’ ii I hte tw o go mu r a l  val ties • ‘I ii is type  of Iii ;; t ogi- am ha;; l ice -n
shown to be gei t era te d  b y t h e ’ p a s s age ’ c~~1 a t r an sv i ’1- ;;e v o r t e x  t h r o u g h  the
measurement  vol ui;;c ( r e f .  S)  • In f o r m a t  I on prese ’ li t e d  in  re Ic re ’ncc 9
in d i c at e d  that I It is airfoil section Shie)Uld hav e.’ a l aminar  sep t r a t  i on
bubble ’ near the lemad i ng edge at t h i  ; tng l  e of at t aek ego rat i n g  at  t his
Reynolds  numbe r • 1 Ito mites t l Ike ly  exp I aria t ion of the ;;e doub l e— p eaked
his t ograms and t lie Vi t- v pool- agreeme- n t  w i ~ ii t I m e o r y  was t h a t  t lmex -o
cxi;; ted a l am i nar  sep . l r ;t t  Ic i l l  b u b b l e  en the t ipper  sui- f~ice w i t  hi a t h i n
osci l l a t  ing shear Leer. if t he ;;lie ’ar l ay e r  wer e  steady , t i lt ’  double
peaks wou ld p r eh a h i  n e t  e~ i st  • As dcss -r  ibed In r e f e r e n c e  6 , the  mea—
sureme ’nts  l e a d i n g Up to  t i m  i s  p e ) Ln t  m d  i c -a t ed  var i a t ion  in ve loc i  t and
angle  • l’he’ pii~~ 1 l ion of the  s’.;parat i c i i i  p o i n t  , as m e a s u r e d  in r e fer e n c e
9 , Is hi~ h i ly  sells i t  ivo to  s l i g h t  w i n g  an g l e — e l  —at  t ack  ch anges ; t he  F e—
fore , i t  is pess ~bic that t im e  s epa ra t ion  point  uas r s i v i r g  s i t  ii the
t unne l  f l o w  ang le  osc i l  L it  t in. 1’his unst eadinc ;  s in the separation
point would t r i gge’r an o sc i l l a t i n g  shear  l a y e r .

The A i r f o i l  at 19 .4 °

An ar row plot of h it ’ mean velocit y l i e  I d  about t h e  a i r fo i l  at
a 19.4° is n r csente d in f igure  11) , J :~~- lm v ol  iii’ i t  v \ c ’t’t ( ir  i ;; present ed
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Ui i1i’ ~Figure 10 . — Ve lou  I t  v m’;ea;im remt�nt s over the stall ccl
t~~~f lf ’  f~t t  19. 4 °) .

wi th  t he length  o f the arrow in~I I l og  m 1  l i i  tude and direct. ion of the
vector r el.t t IVO t o  t he a c r I o ii • It Is  OhiV I t ’i lS  I rum titi;; f i gare’ that Ilu ’
airfoil ii; in a f u l ly  ;;c ’ l l ar ; i t  eel con iet i t  t on i .  ‘rh o shear layer  region

• between the f r e e — s t  I - e ar; atd C l i e  so : i 1  ~‘d t u r b u l e n t  ~irea ovo i t lie W in 1 ;
is broad , but cam; liv di Scc ’ rm ~~m h It ’. Th e’ ye 10.- i t  ~ 1 Id ’ 3d I n t lie ’ sop a r at  eel
reg ion i nd ica t e s  t h e  ex i st e n c e  of  a l a rg e .’ r e c i r c u l a t i n g  eddy w i t h
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lOVe ’ r o t ’ I I ow nl t ’ .n r C i t t ’ a t  F t c ’ ii m m m c l  I ace • l im e ~‘c I c ’S I t  V I itmet oat i om;~: m~ i t  hi i mm
t lie ~he~i i  1 ~l V t ’ 1 i.i I t  I i l ; , c ’ ; l;~ ;’~ \’c U , I t  t lie c V ; I S t ’ 1 low ret i o n , t he ’
Vt ’ I o o l t v  I I t o t  t . a t  t e n t s  I t F e  ItSil 0 1 . 

• A ~~~~~~ l i n e  ii; ~‘l o \ ’  m d ~~ i h i d  I —
cat  in g  lu ;g~ ’ l o x  ; ; ; ; ; t  t ’ Iee. i t  i o n  ci f  .~ e t 0  Vt ’ 1cc it V ~ ii t h e . ’ I: c ’p 11 1t eel
rcg1~~n. .‘~: t ilt ’ Li.; ii ltcg ed ge ( s i c ’ 11g. i i ) ,  a V e ’F v  ;:ii ~i rp  ; ; l m e _ t r  l ay e ’r

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~ ~~~~~~~~~

I i  c U l t ’ 11. — \ O l O O  I t  \ !‘tc ’ i i  l i l t ’ ~~ m l t  S ~ t ( hit ’ t F~t I h u g
ed ge’ 01 tht ’ S i  cig at  H .

is ev i d e n t  w i t  hi low , r ev e r se d  f l e w  ~~c ’ lee ’ it I t o  5ener~i t e c i  ;;o t r  t h e  ii  r1 o i l
upper sor t  iSt ’ tni~h s i t i t  m1 c~ i t  I v  f t ; -~~— s t  m e ’~~::; v t ’ h c ie l t  v I rem ; I he hoi er so’ I lOt ’ .

The s,’at  i . c l d i s t  ~U i c ’ c ’ lt - ros;; thi s ~m c k l l . i \ ’ e ’ F  i S  I ’l l  I ht ’ o l c l t ’1 ot  g~~ IO~
X/ e .  T h e  Ft ’\’ c ’r se 1 I c ’S’ t u t  t h t ~’ tt -~tLe l e g i o n  al ’ c ’vt ’ t ime a im o i l  is cm i so
evid e n t .

l’hie ;; c’ v o l  os i t  v m:c ’a ; ; c i r c ’m i ; c ’;1 is’e’ rc  ol i t  a toed w i t hou t  ‘r i  or kno w —
ledge C’ I t lie e l m  F O c ’ t i on  of  t h e  f 1 os .1 t e.l cli mms ’~; s u r t ’I’;e nt  poi li t  . ‘l’hie I \‘
I;; uni que in tli t l i i ’  i i v un I k e  Oc ’n V t ’1lI  ;~~‘;;~; I pr~~he s t~’hi jc’hi t e ’ c I U  ~ Fe ’
th u s L i t t  o I t ;  t t  ion t o  i t ’c l l t e ’ c ’ anb i su i t s pr i;’;a i m t v  ~-a uot -d 1w .il iut ’nc ’ut t
1 t ’q tn  i r e m ’ s ’ ;mt  s .nn ~l S & L ~~ j c l i t  st l’ U o t  I t i c ’ l l i t e ’L ’ l e ’I  e ’ I l t ’~~’ (Ft ’1 . 10) .

C~ N C i U S I O N S

A 1ao~- r ye lc i~’ I mm: - t or ~‘c i;; h u m  tal I t ’;1 I i i  t he I tu~ I cy  4— liv 7 — me t  or
Iow—spe ’ t ’ci ~V l O t . )  t t unuc ’ I t o  I ’;c - a s u  i i ’ l it ’ ~‘t ’ I c i’ I t 

~ 
l i e  Id ab ou t a o t  to i~’ it

winc; w i t  h i a N~\ g \  00 1. ’ .1 F o il m c d ’ t io f l  • ‘l’ ht ’ w i ;ig was ins  t ; i l  led at thre e’
ge ’om :.t ’ r I o  .m m l g  i t ’:; o t at  le ’~~ : t ) ”

, 4 • I i~~ , J t ) , , ” . Itt is i~~l;; clonic t o  t ’r c ’\ l I t ’
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data at low angles of attack to compare ~iitli a well—accepted two—
d imensiona l v i scous—flow predic t ion  program and at a high angle of
attack to :haracteriz e the flow field in t h e  separated region over a
fully stal led wing.

Th~ results of this investiga t ion indicated that :

1.. The laser velocimeter is an effective and accurate instru-
ment for measuring the velocity field over a surface.

2. The precision of the laser velocimeter measurements for the
wing at a geometric angle of attack of 0° depended on the precise
determi.natLon of th e effective angle of attack of the wing in the
tunnel.

3. The data for the wing at a geometric angle of attack of
4.15° indicated that a laminar separatio-a bubble probably existed with
a thin oscillating shear layer.

4. T h e  separated region over the wing in the fully stalled
condition was well defined.  Reverse flow measurements in this region
demons t rated the  uni que capab i l i ty  of the laser velocimeter for
measuring velocity magnitude and direction withiout prior knowledge of
the flow direction ,

5. The trailing—edge measurements at the highest angle of
attack demonstrated the capab i l i t y  of the laser velocimeter in
measuring time velocity characteristics across a very sharp velocity
gradient.
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