


NASA Technical Memorandum 78650 

Wind-Tunnel Results for 
an Improved 21-Percent-Thick 
Low-Speed Airfoil Section 

Robert J. McGhee and William D. Bea.sIey 
Langlq, Rewrcb  Center 
Hanrptoori, Virginia 

National Aeronautics 
and Space Administration 

satenmcandTl&nkal 
k r l f c m M u o n ~  

1978 



An i n v e s t i g a t i o n  uas conducted i n  t h e  Langley low-turbulence pressure 
t u n n e l  to emluate the effects cm performance of  mdimng a 21-percent-thick 
low-sp& A i r f o i l .  
adverse pmssure g r a d i e n t  and hence re..ducs boundary-layer separa t ion .  
t e s t s  ~ ~ 1 ' 8  conducted a t  free-stream Xach numbers fKzm 0 10 to 0.28. The chord 

The a i r fo i l  contour  u a ~  altered to  reduce t h e  uppar-aurfaoe 
The 

Reynolds tlumber varied fi.om about 2.0 x 106 to 9.0 x 10 6 . 
The results i n d i c a t e  that t h e  modif icat ion t o  t h e  a i r f o i l  contour  inolzeased 

For example, a t  a Reynolds number of 4.0 x lo6, changing t h e  air- 
the value of the m a x i m  lift-drag rat io  of the a i r f o i l  at all test  Reynolds 
numbers. 
f o i l  contour increased the maximum lift-drag r a t i o  from about 60 t o  85. 
improvement i n  performance is attributed to reduced u p p e r s u r f a c e  boundary-layer 
s e p a r a t i o n  far the mdified a i r fo i l .  Also, the msulta s h o w  t h a t  t he  mdiflca- 
t i o n  to t h e  a i r f o l l  decreased t h e  magnitude of the quarter-chord pitching-maaent 
c o e f f i c i e n t  a t  the design l i f t  c o e f f i c i e n t .  The largest value of &mum l i f t  
c o e f f i c i e n t  f o r  t h e  modified a i r fo i l  wi th  roughness located near  the  l e a d i n g  
edge ybs about  1.80 in  comparison with about 1.70 for the o r i g i n a l  airfoil.  

This 

Research on an initial th ickness  family of a i r f o i l s  developed for low- 
speed general a v i a t i o n  a p p l i c a t i o n  is reported i n  reference 1.  
research showed that the 21-percent-thick a i r f o i l  of t h i s  family provided a sub- 
stantial improvement in maximum l i f t  c o e f f i c i e n t  i n  comparison w i t h  t h e  o l d e r  
21-percent-thick WCA a i r f o i l s .  However, this t h i c k  a i r f o i l  displayed poor 
aerodynamic e f f i c i e n c y  (lift-drag ratio) in comparison w i t h  t h e  t h i n n e r  a i r f o i l s  
of the t h i c k n e s s  family because of  ex tens ive  t u r b u l e n t  boundary-layer th ickening  
and s e p a r a t i o n  a t  low Reynolds numbers. Therefore ,  t h i s  a i r f o i l  (LS(1)-0421) 
has been a n a l y t i c a l l y  reshaped  i n  order ta decrease s u b s t a n t i a l l y  t h e  upper- 
surface adverse p r e s s u r e  g r a d i e n t  in an at tempt  t o  reduce t h e  amount o f  separa- 
tion m the a i r f o i l .  This r e p o r t  p r e s e n t s  t h e  basic lau-speed s e c t i o n  charao- 
teristics of  t h i s  modif ied  a i r f o i l  and e v a l u a t e s  t h e  effects on parformame 
resulting f r o m  the ohange I n  a i r f o i l  shape. 

Results of t h i s  

tunnel  a t  free-stream 
var ied  fKan about  2 .0 
varied f m  a b s u t  -80 

The i n v e s t i g a t i o n  vas performed i n  t h e  Langley low-turbulence p r e s s u r e  
Mach mmbers f r o m  0.10 to 0.28. 
x lo6 to 9.0 x lo6, and the  gecmetr lca l  angle of a t t a c k  

The chord Reynolds number 

to 200. 

Values are given 
and ctaloulations were 

i n  both S I  and U.S. Customary Units. The measuremanta 
made in U.S. Customary Units.  
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- ss d t )  
section normal-forule coeffioient, 

ver t i ca l  distance ia uake prof i le ,  centimeters (inches) 

aeution lift-drag ratio,  at/% 

free-straam h u b  number 

static pressure, ai/&! ( lb / f t2 )  

dpnamio pressure, €?/& ( l b / f t 2 )  

Reyaolds number based OD free-stream conditions and airfoil chord 

separation p o i n t  

airfoil  thiuknesa , eantlmeters (inohes) 

airfoil absoissa, aentimebra (inohes) 

airfoi l  ordinate, amtimeters (inahes) 

mean m e r  line ordinate, sent-ters ( inches)  

mean thiokness, cIEIntimeters (iacrhes) 
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1 looal point an a i r f o i l  

QD fme-stream aondition 

Abbmviations: 

The a i r f o i l  contour was changed to reduce the magnitude of  t he  'adverse 
upper-surface pressure gradien t  and hence to d e c r e a s e  boundary-layer separa t ion .  
The maximum t h i c k n e s s  ratio, trailing-edge t h i c k n e s s ,  and design lift weffi- 
a ieat  (ol = 0.40) of the o r ig ina l  a i r f o i l  were mtained. 

- 

The m d i f i c a t i o n  to the  surface contour of a i r f o i l  LS(1)-0421 is illus- 
trated in figure 1. "he upper-surface m d i f i c a t i o n  was accomplished by adding 
material from approximately the  0.5-percent-chord s t a t i o n ,  fairing with t h e  
o r i g i n a l  a i r f o i l  at about t he  35-percent-chord s h t i o n ,  and removing material 
fmn t h i s  s t a t i o n  to t h e  a i r f o i l  trailing edge. 
t i o n  YBS accomplished by add ing  a d l  amount of material from the s t a t i o n  a t  
a p p r o x b a t e l y  70-percent chord t o  the a i r f o i l  trailing edge. The maximum th ick-  
ness of the  modif ied a i r f o i l  uas moved forward fn>m t h e  4O-p8rcent-&ord station 
t o  the s t a t i o n  a t  32.5-percent chord. Figure 2 compares t he  mean thickness and 
camber d i s t r i b u t i o n s  far the two a l r f o l l s ,  and figure 3 compares t h e  surface 
slope d i s t r i b u t i o n s .  
and XI. 

The lower-surface modifica- 

Coordinates  for both airfoils are presented Fn tables I 

The results of re ference  1 showed that experimental  s e c t i o n  d a t a  and t h e  
t h e o r e t i c a l  viscous method of re ference  2 ag reed  well f o r  attached boundary 
l a y e r s  f o r  a i r f o i l s  of th ickness  ratios of  13 and 17 percent ,  but  agreement was 
pxr f o r  the  21-percent a i r f o i l .  Figure 4 ,  uhich u a ~  prepared p r i o r  to t h e  
modi f ica t ion ,  shows the comparison between e l f p e r b e n t  and two d i f f e r e n t  vlscous 
t h e o r i e s  for the rS(l>-O421 a i r f o i l  f o r  a Reynolds number of 4.0 x lo6. 
t h e o r e t i c a l  analysis code of reference 3 agrees reasonably well with t h e  
experimental  l i f t  data and indicates a conserva t ive  astimate of boundary-layer 
s e p a r a t i o n .  
ing t h e  21-percent-thiak a i r f o i l .  

The 

Therefore ,  t h e  a n a l y s i s  program of re ference  3 u a ~  used i n  mcdif'y- 

Theore t ica l  p ressure  d i s t r i b u t i o n s  f o r  both a i r f o i l s  are shown i n  figure 5 
Boundary-layer t r a n s i t i o n  was s p e c i f i e d  a t  f o r  a Reynolds number of 4.0 x 106, 

x/c = 0.03 
ment on t h e  a i r f o i l s .  A t  a l ift coeffiaiant of 0.40 ( f i g .  5 ( a ) ) ,  t h e  theory 

f o r  t he  c a l c u l a t i o n s  t o  ensure a t u r b u l e n t  boundary-layer develop- 
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lndiaatea a deomasa  I n  the extant of upper-aurfaae separation of a b u t  0.0% 
for the arodified a i r f o i l ;  homver, a t  a lift a c e f f i o i a n t  o f  1.0 (fig. 5 ( b ) )  a 
deoFease of about 0.100 is sbom. Based on these t h s o r e t i o a l  wsults the 
desired deem in separation would be egpeated for t h e  modified a i r f o i l .  
The maximum Uft coeff'ioients for the a i r f o i l s  aould not be detarmined f r o m  
the theary because t h e  p re sen t  methods cannot p rope r ly  treat t h e  flow f i e ld  
&em exten3ive region3 of separatian a m  presant .  

The a i r f o l l  models u r n  COn~trUCt6d with a metal co re  around which p l a s t i c  
fill and tu0 thin layers  of fiberglass farmed the  contour  of the a i r f o i l s .  The 
models had chord3 of 61 cm (24 in.) and spans of 91 cm (36  in.). The models 
were equipped with both upper- and lauer-surface o r i f i c e s  located 5 cm (2  i n . )  
off the  midspan. 
Bo. 400 dry s i l i c o n  carbide paper to provide a smooth aerodynamic flnish. The 
model eontour accuracy uaa generally uitbin i0.10 mm (0.004 in.). 

The a i r f o i l  surface ya9 sanded in the  chordwise d i r e c t i o n  wita 

The Langley lou-turbulence p res su re  t u n n e l  ( ref .  4)  is  a c l o s e d - t h a t ,  
single-mturn tunnel uhich can be operated a t  s t agna t ion  p res su res  f r o m  1 t o  
10 atmospheres ( 1  atm = 101.3 kPa) with tunnel-empty t e s t - s e c t i o n  Mach numbers 
up to 0.42 and 0.22, r e spec t ive ly .  
49 x 106 per m (15 x 106 per f t )  a t  a free-stream Mach number of abwt  0.22. 
The tunnel test a m t i o n  is 91 cm ( 3  ft> wide by 229 cm (7.5 ft) m. 

The m?iximm unit  Reynolds number is about  

Hydraulically actuated c i r c u l a r  p l a t e s  provided p o s i t i o n i n g  and attach- 
mant far the two-dimensional model. The p l a t e s  are 102 cm (40 i n . )  i n  diameter ,  
rotate with  the a i r f o i l ,  and are f l u s h  with t h e  tunne l  wall. The a i r f o i l  ends 
rere a t t ached  to  rectangular model attachment plates (fig. 61,  and t h e  a i r f o i l  
ya9 mounted so that t h e  c e n t e r  of r o t a t i o n  of t he  c i r c u l a r  p l a t e s  was a t  0.2% 
on the d e 1  reference  line. The a i r  gaps a t  the tunne l  walls between t h e  rec- 
W l a r  p l a t e s  and the circular p l a t a s  uem sealed with f l e x i b l e  sliding metal 
seals. (See f ig .  6 . )  

W e  Survey Rake 

A f ixed  wake survey rake ( f ig .  7) a t  t h e  model midspan was c a n t i l e v e r  
mounted from t h e  tunnel  sidewall  and loca ted  one chord I eng th  behind t h e  trail- 
ing edge of the  a i r f o i l .  The uake rake had t o t a l -p re s su re  tubes ,  0.15 cm 
(0.060 in.) i n  diameter, and static-pressure t u b e s ,  0.32 cm (0.125 in.) i n  
diameter. The to t a l -p re s su re  tubes  were f la t tened to 0.10 cm (0.040 i n . )  f o r  
0.61 cm (0.24 i n . )  from t h e  t i p  of t h e  t u b e .  
four f l u s h  o r i f i c e s  d r i l l e d  90° a p a r t ;  t h e  o r i f i c e s  were located 8 t u b e  diam- 
e ters  from t h e  t i p  o f  the tube in t h e  measurement plane of t h e  to t a l -p re s su re  
tubes. 

Each static-pressure tube  had 
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The static p res su res  on t h e  airfoil surfaces and t h e  wake rake presaurea 
YBW m a s w e d  by 811 automatic pmssure-sc3anning system using variable-capacitanu8 
p m c i s i a n  t ransducers .  
q u a r t z  manometers. 
shaft encoder opera ted  by a p in ion  gear and rack a t t a c h e d  t o  t h e  circular model 
at tachment  p l a t e s .  
u r n  recoMed on magnetic tape. 

k i c  tunnel pre8sures  yere m a a s w e d  v i tb  p r e o i s i o n  
Angle of a t t a c k  was meas& with  a calibrated d u i t a l  

Data were obta ined  by_g.tQh-ape& aaquisitiaa system-and 

The modified airfoil  vas t e a t e d  at  --stream Wch numbers frrrm 0.10 
to 0.28 over an angle-of-at tack range P r o m  abwt -8O to 20°. Th Reynolds 

The airfoil was tested both  smooth (natural t r a n s i t i o n )  and with roughness 
looa ted  on both upper and lowar s u r f a c e s  at  0.075~. 
for each Reynolds nuuber according to the technique in mterence 5. 
ness uas s p a r s e l y  d i s t r i b u t e d  and consisted of granular-type s t r i p s  0.13 am 
(0.05 in.) wide which were a t t a c h e d  ta the s ~ a c e s  with ol8a.r lamper. 

number based on t h e  a i r f o i l  chord was varied fram about  2.0 x 10 % t o  9.0 x lo6. 

The mughnesa was sized 
The row- 

The s t a t i c - p r e s s u r e  measurements a t  t h e  a i r f o i l  surface were reduced t o  
s tandard  p r e s s u r e  c o e f f i c i e n t s  and ysre machine i n t e g r a t e d  to obtain section 
no--form and chord-force ~ ~ c i e n ~  and s e c t i o n  pi tching-wxaent  aoeffl- 
c i e n t s  about the quar te r -chord  point. 
computed from the  wake rake total and static pressures by the method repo+d 
ia r e f m c e  6. 

Section pmfile-drag coefficient uas 

An estimate o f  t h e  s tandard  low-speed wind-tunnel boundary c o r r e c t i o n s  
( r e f .  7) amounted to a maximum o f  about 2 percent of the w u r e d  wfficfents; 
these corrections have not bsen a p p l i e d  to the data. 

PMSENTATIObl OF RESULTS 

The ~asul ts  o f  t h i s  i n v e s t i g a t i o n  have been reduced to  coefficlant form 
and are presented in the following figures: 

F U  
E f f e c t  of Reynolds number on seoticm characteristics f o r  

Effect of  free-stream Haah tnrmber an seation characteristics for 

Comparison of  s e c t i o n  c h a r a c t a r i s t i o s  f o r  LS(11-0421 and 

Effect of Reynolds number on Aordwise pres su re  d i s t r i b u  ions f a r  

ComparFson o f  chordvise  pressure d h t r i b u t i o m  far I5(1) -0421 and 

LS(1)-0421 modified a i r f o i l  . . . . . . . . . . . . . . . . . . . . .  8 

IS(1)-0421 d i f i e d  a i r f o i l  . . . . . . . . . . . . . . . . . . . . .  9 

LS(1)-0421 mwlified a i r f o i l R  . . . . . . . . . . . . . . . . . . . . .  10 

Lds(1)-0421 modified a i r f o i l  . . . . . . . . . . . . . . . . . . . . .  1 1  

L s ( I ) - w 2 1  modified a i r fo i l8  . . . . . . . . . . . . . . . . . . . . .  12 
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Figura 
Variation of laaximum 1lft coefficient wi th  Reynolds number f o r  

Var ia t ion  of lift-drag ratio v i t h  lift coefficient for 
IS(l)-0421 and L S ( 1 ) 4 + 2 1  Mified a i r f o i l s  . . . . . . . . . . . . 13 

LS(1)-@+21 and LS(1)-0421 & i f l e d  airfoFls . . . . . . . . . . . . . 14 

P r e s s u r e  D i s t r i b u t i o n 3  

The a i r f o i l  contour modi f ica t ion  a t  t h e  design condition produced t h e  
desired decrease in the upper-surface adverse pressure g r a d i e n t  shown by t h e  
experimental pressure data comparison for both  a i r fo i l s  in figure 12. 
the shape of the ? S ( 1 ) 4 4 2 1  a i r f o i l  resulted i n  an increase in upper-surface 
curvature in the forward region o f  the airfoil and a decrease in o u r v a t w e  in 
the aft region. pisure 12(a)  for a = 00 illustrates t h e  change i n  p r e s s u r e  
d i s t r i b u t i o n  resulting fram t h e s e  surface curvature changas. 
change i n  a i r f o i l  contour mved the start of t h e  upper-surface p r e s s u r e  
recovery forward about 0.30~. 
data far both alrf U s  for angles of a t t a c k  of about 4 O  and 8 O  for a Reynolds 

the IS(1)-01)21 a i r f o i l  is typical of that f o r  thick t u r b u l e n t  boundary layers 
approaching separation. A t  a E 80 s e p a r a t i o n  is i n d i c a t e d  by the lack o f  
pressure  g r a d i e n t  on the a f t  upper surface of t h e  a i r f o i l .  
the extent of' separation of about 0.200 I s  s h m  f o r  t h e  modified a i r f o i l  for 
a = 80.  
a E 14O. 
and t h e  r o d i f l e d  a i r f o i l  is beyond its stall angle. (See fig. 10(b) . )  The 
earlier shl l  for t h e  modified a i r f o i l  is a t t r i b u t e d  to t h e  absence o f  t h e  
reduced pressure g r a d i e n t  near the a i r f o i l  midchord. (See fu. 1 2 ( b ) . )  This 
reduced prassure g r a d i e n t  retards the  rapid foruard movement of upper-surface 
s e p a r a t i o n  a t  t h e  onset of stall. 

Alter- 

Note that the 

Pigurea 12(b)  and 12(c) campare t h e  pressure 

number of 4.0 x 10 8 . A t  a 3 4 O  t h e  aft  upper-surface pressure recovery f o r  

A reduct ion  in 

Flgure 12(d)  compares t h e  pressure  data for the two a i r f o i l s  a t  
For t h i s  angle of a t t a c k  t h e  LS(1)-0421 a i r f o i l  is  near  maximLllp l i f t  

Small effects only of changing Reynolds number on t h e  p r e s s u r e  d i s t r i b u t i o n  
of e i t h e r  a i r f o i l  a t  a = O0 
(R = 4.0 x lo6)  with figure 1 2 ( e )  (R = 9.0 x l o6 ) .  
Ls(1)-0421 a i r f o i l  ( f ig .  10) show a decrease i n  l i f t  coefficient of about 0.06 
a t  
but  t h e  modified a i r f o i l  shows only a small change. Thh decrease In l i f t  
coefficient for  t h e  o r ig ina l  a i r f o i l  results from an increase in boundary- 
layer displacement th iakness  a t  t h e  lover Reynolds number; this increase 
decambers t h e  a i r f o i l .  
(R = 9.0 x 106) for 
s e p a r a t i o n  o f  about 0.0 u for  t h e  LS 11-0421 a i r f o i l  as t h e  ReynoZds number is 

are indica ted  by t h e  comparison of figure 1 2 ( a )  
The seation data f o r  the 

as t h e  Reynolds number is decreased from 9 .0  x 106 t o  4.0 x 106, a = 00 

A comparison of  figures 12(b)  (R = 4.0 x l o6 )  and 1 2 ( f )  
(1 = 40 shows a decrease  In upper-surface t r a i l i n g - e d g e  

h a r e a s a d  fmm 4.0 x 10 2 to  9.0 x 10 b . 
Seotion Charaoteristics 

The s e a t i o n  c h a r a a t e r i s t i c s  f r both a i r fo i l s  are compared in f i g u r e  10 
for  Reynolds numbers from 2.0 x 10 8 to 9.0 x lo6. For t h e  test Reynolds number 
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range, the modlf led a i r f o i l  d i s p l a y s  a higtrer lift-ourve slope, a more linear 
lift o w e ,  and an Improvement Fn maximum lift-drag r a t i o  (fig. 14) .  This 
result is a t t r i b u t e d  to reduced upper-surface separation for the modif ied  air- 
f o i l .  Far a Reynolds number of 4.0 x IO6 (fig. 14) (i/d)- is PFam 
do to  85 far the modified airfoil. Thls va lue  of (i/d)- far the modified 
airfoi l  coprpares favorably  with the value f o r  t h e  l ' l-psrcant-tduak &foi l  of 
this famfly (ref. 1 ) .  F i w  14 also indicates that the I l f t  coeffioient' for-- 
( i /dl-  has been iacrsased for the modified a i r fo i l .  

as s h o m  by figures 10 and 12(d) .  
a i r f o i l  at  a Reynolds number of 2.0 x lo6 ( f ig .  lO(a)) is i n t e r e s t i n g  beoause 

The stall c h a r a c t e r i s t i c s  for bo th  a i r fo i l s  are o f  the trailing+dge type 
The nature of the  stall f o r  t h e  modified 

is raacbed at a = 123 and remains r e l a t i v e l y  aons tan t  at poststall 
%Lax 

angles o f  a t t a c k .  Increas ing  the Reynolds number results In  a m e  abrupt s t a l l  
f o r  t h e  modi f ied  airfoil. F i g u r e  13 ccmpama the va lues  of o , ~  for  both 

a i r f o i l s ,  with and w i t h o u t  roughness, f o r  a Reynolds number range f r o m  2.0 x IO6 
to 9.0 x lo6. Ih t he  smooth condi t ion  t h e  o r i g i n a l  airfoil shows higher  va lues  

a t  both the lowest and highest Reynolds numbers. The erratic varl- max 
a t i o n  of c,- with Reynolds number exista with or without roughness for t h e  

o r i g i n a l  a f r f o i l  b u t  has been removed for t he  d f f i e d  airfoil. Also, a t  the 
h igher  Reynolds numbers the s e n s i t i v i t y  of 

Cecraased far the d e s i g n e d  airfoil.. The l a r g e s t  va lue  of u, 

ness on was a b o u t  1.8 f o r  t h e  modified airfoil compared to abaut I .?  f o r  the  
o r i g i M l  a i r f o i l .  

of 0, 

cL- ta roughness has been 

with POI@- max 

Figure 9 i n d i c a t a s  that f o r  f ree-s t ream Mach numbers from 0.10 t o  0.28 the  
modi f ied  a i r f o i l  e x h l b i t s  only smaU effecta on the s e c t i o n  charaaterlstics. 
This result was a lso  repor ted  (ref. 1 )  for t h e  o r i g i n a l  a i r f o i l .  F i g u r e  10 
shows a decrease i n  t h e  magnitude o f  the  quarter-ohord pitching-moment ooe f f l -  
c i e n t s  f o r  t h e  modified a i r f o i l  compared to the  or ig ina l  a i r f o i l  a t  t h e  design 
lift c o e f f i c i e n t  (c ,  = 0.40).  
i n  a f t  camber and t h e  i n c r e a s e  i n  forward l o a d i n g  for t h e  m d l f i e d  a i r f o i l .  and 
is i n d i c a t e d  by the comparison of camber d i s t r i b u t i o n s  in figure 2. 

This result is assoc ia t ed  with the reduot ion 

Low-speed Kind-tunnel t e s t s  have been conducted in the  Langley low- 
turbulence  pressure  tunnel  to evalua te  t h e  e f f e c t s  on performance of modifying 
a 21-percent-thick a i r f o i l .  
upper-surface adverse pressure grad ien t  and hence reduce boundary-layer sepa- 
ra t lan.  The tests were conducted a t  f ree-s t ream Maah numbers f r o m  0.10 to 0.28. 
The ohord Reynolds number V W A ~  from about  2.0 x lo6  t o  9.0 x lo6.  

The a i r f o i l  contour uas a l t e r e d  to mduoe the  

The results shou that t h e  modif icat ion to the  a i r f o i l  contour increased  
t h e  value of t h e  aaximm lift-drag r a t i o  of t h e  a i r f o i l  a t  a l l  test Reynolds 

7 



mmbers. For example, a t  a Reynolds number of 4.0 x lo6,  ahanglrg the air- 
foil oontour inoreaaed the  - lift- r a t i o  fm ahout  60 to 85. 
Improvement in paFforPranoe is attributed to reduced upper-surfaoe boundary- 
l a y e r  separatlion f o r  the modif led  a i r f o i l .  Also, the results show that the 
modi f iaa t ian  to the airfoil deoraased the magnitude of  the quarter-ohord 
p i toh ing-mment  c o e f f l o i e n t  a t  t h e  design lift o o e f f i c i e n t .  
of msdmum Uft  c o e f f i o i e n t  f o r  the modif'ied a i r f o t l  with roughness located 
near the  leading  edge uas about 1.80 in oomparisan With about 1.70 for the 
original a i r fo i l .  
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T A B U  I.- LS(1)-0421 AIRFOIL COORDlJZBTES 

x/c 

0 .ooooo 
.00200 
.00500 
.O 1250 
.02500 
.03750 
.05000 
07500 
.loo00 
.12500 
.15000 
.17500 
.20000 
.22500 
.25000 
.27500 
.30000 
-32500 
,35000 
,37500 
.40000 
.42500 
.45000 
.47500 
,50000 
.52500 
.55000 
.57500 
,60000 
.62500 
.65000 
,67500 
,70000 
,72500 
,75000 
77500 
.8OOOC 
.a2500 
.a5000 
,87500 
,30000 
.92500 
,95000 
.97500 

1.00000 

0,00000 
.01560 
,02380 
.03600 
,04910 
.05850 
.06610 
.07770 
.08660 
.09390 
.09990 
.lo510 
.lo940 
.11320 . 1 1620 
.11860 
.12070 
.12240 
,12340 
.12410 
.12440 
,12420 
,12360 
.12270 
.I2110 
.I1910 
.11660 . 1 1340 
.lo970 
.lo530 
.lo030 
.09470 
,08860 
.08220 
.07530 
.OS810 
.06070 
,05320 
,04550 
03770 
.03000 
.02230 
.01480 
.00730 
.00020 

0.30000 
-. 01070 
-.01770 -. 02650 -. 03520 
-, 041 40 -. 04650 
-.05460 
-.06100 -. 06610 
-.07040 -. 07390 -. 07690 -. 07940 
-.08130 -. 08260 -. 08380 -. 08440 -. Oe480 - .08470 -. 08450 - .OS380 -. 08290 
-.08150 
-. 07970 - -07730 - .07450 -. 07100 -. 06700 - 06250 
- e  05750 -. 05230 -. 04680 -. 04120 -. 03550 -. 03000 
-.02460 
-.01950 -. 0 1500 
-.01110 
-.00810 
-, 00600 -. 00520 -. 00590 
-, 00890 

ORIGINAL PAGE IS 
OF PooR QUALITY 9 



TABLE E.- fS(1)-0421 HOD A I R F O I L  CoORDIUTgs 

x/c 

0,00000 
.00200 
,00500 
.01250 
.02500 
,03750 
,05000 
.07500 
.10000 
.12500 
,15000 
.17500 
.20000 
.22500 
,25000 
.27500 
.30000 
.32500 
.35000 
.37500 
,40000 
.42500 
.45000 
.47500 
.50000 
.52500 
.55000 
,57500 
,60000 
.62500 
,65000 
.67500 
.70000 
,72500 
.75000 
.77500 
.00000 
.82500 
,85000 
.87500 
.90000 
,92500 
,95000 
97500 

1 .ooooo 

( z’c upper 

0.00000 
,01560 
.02430 

.05400 

.06510 

.08650 

.@bo0 

.lo340 

.lo930 

.11410 

.11790 

.I2080 

.12290 

.12430 

.12500 

.12500 
,12443 
.12330 
.12170 
,11960 
,11700 . 1 1400 
,10680 
.lo270 
,09830 
.09360 
,08860 
.08330 
,07780 
.07210 
.Ob620 
,06010 

.04760 

.04120 

.03480 

.02840 

.02200 

.01Eb0 

.009lO 

.00250 -. W420 

.03830 

.07360 

. I  i 060 

05390 

0.00000 -. 01 070 -. 01770 - -02650 -. 03520 -. 041 60 -. 04680 - -05500 
-.Ob140 
-.Ob650 -. 07070 
-.07410 -. 07700 - -07940 
-.08130 - -08280 -. 08390 -. 08460 -. 08490 - .08490 
-.08460 - .0839O -. 08280 - -08130 -. 07940 - -07700 -. 07400 - .07050 
-.06660 - -06230 -. 05760 - -05250 -. 04720 - 04180 
-.03640 -. 03100 -. 02560 - .02060 
-.01590 

-. 00860 - ,00700 
- 4  00690 
-, 00880 -. 01 320 

-.oil80 
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x/c 

Figure 2.- Comparison of mzan thickness d i s t r i b u t i o n s  and camber lines 
f o r  LS(1)-0421 and LS(1)-0421 modified a i r f o i l s .  
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F i g u r e  3 . -  Chordwise d i s t r i b u t i o n  o f  slopes. 
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Figure 4.- Comparison of  experimental  and theore t ica l  section data for 
LS(1)-0421 airfoil. M = 0.15; R = 4.0 x 106; roughness on. 
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Figure 5.- Theore t ica l  chordwise pressure d i s t r i b u t i o n s  f o r  &S 11-0421 
and LS(1)-0421 modif ied  a i r f o i l s .  M = 0.15;  R = 4.0 x 10 6 . 
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F i g u r e  5.-  Concluded .  
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oc 
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F i g u r e  6 . -  Typical a i r f o i l  model mounted i n  wind tunnel. c = 61 cm ( 2 4  I n .  ) ,  
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Figure 11.- E f f e c t  o f  Reynolds namber on chordwise pressure distribution3 
f o r  Ls(')-0421 modified a i r f o i l .  H = 0.15; roughness on. 
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(a )  R - 2 . 0  x 106. Concluded. 

Figure 11.- Continued. 
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(b) R = 4.0 X 106. 

Figure 11.-  Continued. 
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( c )  R = 6.0 x lo6.  

Figure 11.- Continued.  
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( c )  R = 6 . 0  x 106, Concluded .  

Figure 1 1  .- C o n t i n u e d .  
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( d )  R = 9.0 x l o6 .  Concluded. 

Figure 11.- Concluded. 
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Figure 12.- Continued.  
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