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INTRODUCTION 

Dur ing the  pas t  decade, several new advanced technology a i r f o i l s  f o r  general 
a v i a t i o n  have evolved from the  research e f f o r t s  a t  Langley Research Center. These 
new a i r f o i l s  o f f e r  super io r  maximum l i f t  and h igher  l i f t - t o - d r a g  r a t i o s  than the  
o l d e r  general a v i a t i o n  a i r f o i l s .  Reference 1 presents a summary o f  these a i r f o i l s .  

Recent i n t e r e s t  i n  viscous drag reduc t ion  has i n s p i r e d  a i r f o i l  design w i t h  
The laminar  boundary 

These types o f  

laminar  boundary l a y e r s  on l a r g e  segments o f  each surface. 
l a y e r s  a re  maintained by arranging favorable pressure grad ien ts  i n  the  a i r f o i l  
pressure d i s t r i b u t i o n  w i thou t  any a c t i v e  boundary l a y e r  c o n t r o l .  
a i r f o i l s  have been designated na tura l  laminar  f l ow  (NLF) a i r f o i l s .  While these 
na tu ra l  laminar  f l ow  a i r f o i l s  a t t a i n  minimum drag a t  the  l o w - l i f t  design cond i t i on ,  
the  h igh  maximum l i f t  o f  e a r l i e r  a i r f o i l s  i s  an a d d i t i o n a l  requirement f o r  general 
a v i a t i o n  app l i ca t i ons .  

Th is  r e p o r t  presents wind tunnel  t e s t  r e s u l t s  on an NLF a i r f o i l  designed f o r  
t he  h igh  speed a p p l i c a t i o n s  o f  a business j e t .  
HSNLF(1)-0213, i s  designed f o r  a Mach number o f  0.70 a t  a l i f t  c o e f f i c i e n t  o f  0.20 
and Reynolds number of 11 m i l l i o n .  A t  these cond i t ions ,  the a i r f o i l  pressure 
d i s t r i b u t i o n  a l lows laminar  boundary l a y e r s  on 50 percent  o f  t he  upper sur face and 
70 percent  of t he  lower surface. I n  add i t ion ,  a maximum l i f t  c o e f f i c i e n t  o f  1.60 a t  
l and ing  cond i t ions ,  Mach number o f  0.10, Reynolds number o f  6 m i l l i o n ,  was a design 
condi  t i on. 

The a i r f o i l ,  designated as the  

The wind tunnel  t e s t s  were conducted i n  two f a c i l i t i e s ,  the  Langley 
6- by 28-Inch Transonic Tunnel f o r  the  high-speed cond i t ions ,  and the  Langley Low- 
Turbulence Pressure Tunnel f o r  the low-speed maximum l i f t  performance. 

SYMBOLS 

cP 
C 

cC 

Cd 

Ch 

cm 

cn 

h 

P, - P 
pressure c o e f f i c i e n t ,  

q 
a i r f o i l  

sec t i on  

sec ti on 

chord, 6 i n .  (6x281, 24 i n .  (LTPT) 
z 

chord-force c o e f f i c i e n t s  , I C p d  c 
h p r o f i  1 e-drag c o e f f i c i e n t ,  1 wake c i  d - C 

po i  n t -drag c o e f f i c i e n t  

sect ion-1 i f t  c o e f f i c i e n t  

sec t ion  p i  tching-moment c o e f f i c i e n t  about quar ter -chord p o i n t  

X z z - I C (X/C - 0.25) d 2 + cP 2 d - P C 

sec t i on  normal f o rce  c o e f f i c i e n t ,  

X d -  - I cp C 

v e r t i c a l  d is tance i n  wake p r o f i l e ,  in. 
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M 

P 

X 

Y 

Z 
a 

f ree-stream Mach number 

f ree-stream s t a t i c  pressure, l b / i n 2  (6x281, lb / f t2(LTPT) 

f ree-stream dynamic pressure, lb / in2(6x28) ,  lb/f t ' (LTPT) 

Reynolds number based on free-stream cond i t ions  and a i r f o i l  
chord 

a i r f o i l  abscissa, i n .  

spanwise s t a t i o n ,  i n .  

a i r f o i l  ord inate,  i n .  

angle o f  a t tack ,  deg 

f l a p  d e f l e c t i o n ,  p o s i t i v e  downward, deg 

Subscr ip ts :  

c o r r  q u a n t i t y  from 6-by 28-inch t ransonic  tunnel  t e s t  w i t h  
c o r r e c t i o n s  i n c l u d i n g  the  s idewal l  boundary-1 ayer i n t e r f e r e n c e  

R l o c a l  p o i n t  on a i r f o i l  surface 

max maxi mum 

meas. measured q u a n t i t y  i n  t e s t  data t h a t  has some c o r r e c t i o n  

Abbreviat ions:  

HSNLF high-speed n a t u r a l  1 ami nar  f l o w  

LTPT Low-Turbulence Pressure Tunnel 

NTF Nat ional  Transonic F a c i l i t y  

AIRFOIL DESIGNATION 

The a i r f o i l  shape i s  designated as the  HSNLF(1)-0213 and i s  sketched i n  
f i g u r e  1. The "HSNLF" denotes high-speed na tura l  laminar  f low, the  (1 )  i n d i c a t e s  
the  f i r s t  i n  a ser ies,  and t h e  0213 denotes a l i f t  c o e f f i c i e n t  o f  0.2 and .thickness 
r a t i o  o f  13 percent chord. 

AIRFOIL DESIGN 

This  a i r f o i l  was designed j o i n t l y  by M r .  J e f f r e y  Viken under c o n t r a c t  t o  NASA 
Langley Research Center and t h e  Appl ied Aerodynamics Group o f  the  Nat ional  Transonic 
Fac i  1 i ty Aerodynami cs Branch. The a i  r f o i  1 was speci f i c a l  l y  adapted f o r  t h e  w i  ng 
design o f  a p ro to type business j e t .  
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I n i t i a l l y .  t h i s  a i r f o i l  cons is ted  o f  a scale-down vers ion  o f  the NLF(1)-0414F 
a i r f o i l  descr ibed i n  re ferences 2 and 3. The design cond i t i ons  se lected were a 
Reynolds number o f  11 m i l l i o n ,  Mach number o f  0.70, and l i f t  c o e f f i c i e n t  o f  0.25, 
which was prov ided by an optimum c r u i s e  f l ap  s e t t i n g  on the  NLF(1)-0414F a i r f o i l .  

The r e s u l t i n g  contour  y i e l d e d  a pressure d i s t r i b u t i o n  shown i n  f i g u r e  2, which 
had some undes i rab le  c h a r a c t e r i s t i c s .  
t he  upper sur face had an a f t  l o c a t i o n  a t  70 percent  chord, the  r e s u l t i n g  pressure 
recovery had adverse grad ien ts  severe enough t o  cause boundary-layer separat ion near 
the  t r a i l i n g  edge. 
excessive adverse pressure grad ien t  t h a t  coul  d cause boundary-1 ayer t r a n s i t i o n  a t  
l i f t  c o e f f i c i e n t s  lower than the  design cond i t ion .  
l e v e l s  due t o  the  l o s s  i n  laminar  bounbdary l a y e r s  on the  lower surface. 
add i t i on ,  there  was an undesi rab le moment l oad  on the  t r a i l i n g  edge f l a p .  

move the  minimum pressure l o c a t i o n  t o  50 percent  chord and thereby reduce the 
adverse pressure grad ien ts  i n  the  pressure recovery.  Second, the  lead ing  edge 
reg ion  o f  the  lower sur face was recontoured t o  p rov ide  favorab le  pressure grad ien ts  
a t  the  lower l i f t  c o e f f i c i e n t s  t o  ma in ta in  the  laminar  boundary layers .  
presents  a comparison o f  the  i n i t i a l  and f i n a l  a i r f o i l  designs, where the  f i n a l  
a i r f o i l  had minimum pressure l oca ted  a t  50 and 70 percent  chord on the upper and 
1 ower surfaces respec t i ve l y  , thus a1 1 owi ng extens ive reg ions o f  1 ami nar  f low.  
a i r f o i l  shape i s  de f ined from the coord inates g iven i n  Table I. 

F i r s t  o f  a l l ,  s ince the  minimum pressure on 

Second, the  lower sur face lead ing  edge reg ion  had a s l i g h t l y  

Th is  would cause h igher  drag 
I n  

These problem areas were a l l e v i a t e d  by f i r s t ,  recontour ing  the upper sur face t o  

F igure  3 

The 

MODELS, APPARATUS, AW PROCEOURE 

Model s 

The a i r f o i l  was f i r s t  t es ted  i n  the  Langley 6- by 28-Inch Transonic Tunnel t o  
determine the h igh  speed performance. F igu re  4 i s  a photograph o f  the  model, which 
had a 6- inch chord and width.  The model spanned the  tunnel  w i t h  both ends mounted 
i n t o  endplates t h a t  f it tu rn tab les  i n  the t e s t  sect ion.  Both upper and lower  
sur faces o f  the  model were instrumented f o r  s t a t i c  pressure o r i f i c e s  w i t h  t h e i r  
l o c a t i o n s  g iven i n  Table 11. There were 51 o r i f i c e s  i n  the  midspan reg ion  o f  the  
model, and 9 o r i f i c e s  0.125 inches from the end o f  the  model on the  upper surface. 
The model was machined from a s o l i d  p iece o f  17-4 s t a i n l e s s  s tee l  t o  w i t h i n  0.002 
inches o f  the  requ i red  shape. The tubes t o  the  o r i f i c e s  are rou ted  e n t i r e l y  i n  the  
lower  sur face and the  passageways covered w i t h  metal f i l l e r .  Th is  al lowed a smooth 
upper sur face w i t h  minimal i n t e r r u p t i o n s  t o  d i s t u r b  the  laminar  boundary l aye r .  

Pressures measured on the model were i n t e g r a t e d  t o  g i ve  normal f o rce  and 
p i t c h i n g  moment c o e f f i c i e n t s .  The model was tes ted  w i t h  both smooth surfaces and 
w i t h  fo rced t r a n s i t i o n  l oca ted  a t  0.05 chord on bo th  surfaces. The fo rced 
t r a n s i t i o n  cons is ted  o f  a t h i n  spanwise s t r i p  o f  c l e a r  spray adhesive. 

A f t e r  t he  h igh  speed i n v e s t i g a t i o n ,  the a i r f o i l  was then tes ted  a t  low speeds 
i n  the  Langley Low-Turbulence Pressure Tunnel t o  determine the  maximum l i f t .  Th is  
model, shown i n  f i g u r e  5, had a 2 - foo t  chord and was equipped w i t h  a s p l i t  f l a p  
attachment t o  evaluate l i f t  increments w i t h  a simple h i g h - l i f t  device. Th is  model 
was n o t  inst rumented f o r  pressures, as i n  the  h igh  speed t e s t .  Each end o f  t he  
model a t tached t o  a unique ex terna l  f o rce  balance system t h a t  was e s p e c i a l l y  
designed f o r  h igh  l i f t  models i n  t h i s  f a c i l i t y .  The model was f a b r i c a t e d  by 
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recontour ing the  surfaces o f  an e x i s t i n g  model and wrapping f i b e r g l a s s  s k i n  around 
the  r e s u l t i n g  shape. The f i n a l  surfaces were hand-worked t o  accuracies w i t h  0.002 
inches o f  the requ i red  shape. 

WIND TUNNELS 

6- by 28-Inch Transonic Tunnel 

The Langley 6- by 28-Inch Transonic Tunnel i s  a two-dimensional blowdown tunne 

A d e t a i l e d  d e s c r i p t i o n  o f  t he  
used p r i m a r i l y  f o r  t e s t i n g  a i  r f o i  1 s a t  moderate Reynol ds numbers w i t h  independent 
c o n t r o l  o f  both Mach number and s tagnat ion pressure. 
f a c i l i t y  i s  a v a i l a b l e  i n  references 4 and 5 i n  a d d i t i o n  t o  the  f o l l o w i n g  b r i e f  
desc r ip t i on .  

dry, compressed a i r  which i s  suppl ied from an o f f s i t e  c e n t r i f u g a l  compressor a t  
14,000 cfm and 300 psig.  
a i r  volume f o r  adequate run  time. 
Pressure Tunnel (LTPT), which has both h igh volume (approximately 65,000 cu. f t . )  
and a h igh  pressure s h e l l  capable o f  10 atmospheres. An a d d i t i o n a l  r e s e r v o i r  
cons i s t s  o f  4 storage tanks each having 2,000 cu ft. o f  volume a t  300 psig,  b u t  t he  
LTPT provides the m a j o r i t y  o f  t he  a i r  supply. For almost a l l  t e s t  condi t ions,  t h e  
LTPT i s  used as a r e s e r v o i r  f o r  t he  6- by 28-Inch Transonic Tunnel and therefore,  
bo th  f a c i  1 i ti es cannot run  simul taneously. 

The 6- by 28-Inch Transonic Tunnel operates on d i r e c t  blowdown from a supply o f  

The compressor f i l l s  two r e s e r v o i r s  t o  o b t a i n  s u f f i c i e n t  
The main r e s e r v o i r  i s  the Langley Low-Turbulence 

Normal t e s t  cond i t i ons  f o r  most models i nc lude  Mach numbers ranging from 0.35 
Mach number t o  0.90 and s tagnat ion pressures ranging from 1.5 t o  6.0 atmospheres. 

i s  c o n t r o l l e d  by choker doors downstream o f  t he  t e s t  sec t i on  w h i l e  s tagnat ion 
pressure i s  s e t  by the  va lve t h a t  regulates the  supply a i r .  
c o n d i t i o n s  prov ide the  bes t  f l ow  q u a l i t y  and pe rm i t  adequate run  time. 

These ranges o f  

The t e s t  sec t i on  has s o l i d  s idewa l l s  and s l o t t e d  top  and bottom w a l l s  t o  
a1 l e v i a t e  the  severe t ransonic  wa l l  i n t e r f e r e n c e  problems. 
the  s l o t t e d  top  and bottom w a l l s  i n  d e t a i l .  
6 inches wide and a c t u a l l y  28.50 inches i n  h e i g h t  w i t h  a l l  f o u r  w a l l s  undiverged 
over the  e n t i r e  t e s t  sec t i on  length.  

Reference 5 descr ibes 
The t e s t  sec t i on  i s  

F igu re  6 shows the  t e s t  apparatus which cons is t s  o f  two opposing t u r n t a b l e s  i n  
each s idewal l  t h a t  h o l d  the  model by the end p l a t e s  and r o t a t e  t o  s e t  angle o f  
a t tack .  I n  add i t i on ,  a wake survey probe t raverses the  model wake v e r t i c a l l y  f o r  
drag measurements, and i s  sketched i n  f i g u r e  6. 

Low Turbulence Pressure Tunnel 

The Langley Low-Turbulence Pressure Tunnel i s  a c losed- throat ,  s i n g l e  r e t u r n  
tunnel  which can be operated a t  s tagnat ion pressures from 1 t o  10 atmospheres a t  
corresponding Mach numbers o f  0.46 t o  0.22. 
prov ide a maximum u n i t  Reynolds number o f  15 m i l l i o n  per f o o t  i n  the t e s t  sec t i on  
which i s  3 f e e t  wide and 7.5 f e e t  high. The c u r r e n t  c o n f i g u r a t i o n  o f  the tunnel i s  
descr ibed i n  d e t a i l  i n  reference 6 and a b r i e f  d e s c r i p t i o n  i s  given here. 

These combinations o f  c o n d i t i o n s  

The model and support  system are shown i n  f i g u r e s  7 and 8. The a i r f o i l  model 
i s  mounted between two endplates which are connected t o  i n n e r  drums. The i n n e r  

I 
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drums are held i n  place by outer drums and a yoke-arm support system. The yoke 
support system i s  mounted t o  a force balance w h i c h  i s ,  i n  turn, connected t o  the 
tunnel through a balance platform. 
monocoque structure t o  minimize weight loads on the balance system. The balance 
provided direct l i f t  force and pitching moments for this test. 

The yoke arm i s  fabricated from aluminum i n  a 

Model angle of attack is  controlled by a motor-driven, externally-mounted p i t c h  
mechani sm t h a t  rotates the beari ng-mounted inner drums. A mu1 t i  p a t h  1 abyri n t h  seal 
i s  used t o  minimize air  leakage from the tes t  section into the outer tunnel 
plenum. An electrical f o u l i n g  indicator i s  incorporated i n  the seal t o  detect any 
f o u l i n g  a t  the seal components. 

T h e  wake survey rake, illustrated i n  figure 9 ,  i s  used t o  measure the static 
and t o t a l  pressure within the model ' s  wake, as well as the mean wake flow angle. 
shown i n  figure 9 ,  several different types o f  probes are on this rake, and the rake 
i tself  i s  supported by a remote-controlled survey apparatus t h a t  can position the 
rake a t  different spanwise positions. The entire rake and survey apparatus appears 
in figure 10, and i t s  capabilities are well documented i n  reference 6. For this 
test ,  the rake was used for drag measurements. 

As 

INSTRUMENTATION 

6- by 28-Inch Transonic T u n n e l  

All test  da t a  were o b t a i n e d  by a h i g h  speed data  acquisition system and 
recorded on magnetic tape. 
a preci si on vari ab1 e capaci tance transducer coup1 ed w i t h  a si gned condi tioner, as 
described in reference 7 .  
passed through 20-Hz low-pass f i l ters  before entering the da ta  acquisition system. 
This range of filtered frequencies was reported i n  reference 4. 
a t t ack  signals were provided by a d i g i t a l  shaft encoder attached t o  a rack and 
p i  nion inechani sm on a tes t  section turntable. A simi 1 ar encoder arrangement 
provides the vertical posit ion of the wake survey probe t o  the data  acquisition 
system. 
operate automatically along w i t h  the stagnation pressure and Mach number. 

Each pressure measurement was made w i t h  a combination of 

O u t p u t  signals from the wake t o t a l  pressure measurements 

Geometric angle of 

B o t h  the angle of a t t ack  and the wake survey probe can be pre-programed t o  

Low-Turbulence Pressure Tunnel 

The same data  acquisition system mentioned above for the 6- by 28-inch 
transonic tunnel was used for the LTPT. In addition, the system was arranged for 
real-time display of l i f t  force, p i t c h i n g  moment, and drag coefficients a long  w i t h  
the wake total pressure profile. 
the same type of transducer-signal conditioner system used i n  the 6- by 28-inch 
transonic tunnel. Total and static freestream pressures were measured with 
precision quartz manometers. 
shaft encoder coupled t o  a rack and p i n i o n  mechanism attached t o  the inner drum of 
the model support system. 

Pressure measurements for the wake were made w i t h  

Geometric angle of a t tack  was measured by a d i g i t a l  

5 



TEST AND METHODS 

High-speed Tests 

The high-speed t e s t s  i n  t h e  6- by 28-inch t ransonic  tunnel were conducted over 
Reynolds number ranges o f  3.5 t o  6.5 m i l l i o n  a t  0.35 Mach number and from 
4 t o  11 m i l l i o n  a t  Mach numbers o f  0.5 t o  0.8. 

Since t h e  a i r f o i l  was designed f o r  na tura l  laminar f low, the  model was f i r s t  
t e s t e d  w i t h  smooth, c lean m e t a l l i c  surfaces t o  a l low t h e  most rearward boundary- 
1 ayer t r a n s i t i o n  w i t h  the  e x i s t i n g  tunnel f low qual i ty. 
t r a n s i t i o n  as i n d i c a t e d  i n  the  model descr ip t ion ,  was then app l ied  and the  model 
r e t e s t e d  over t h e  same range o f  condi t ions.  

Forced boundary-1 ayer 

I 

The data was recorded as surface pressure d i s t r i b u t i o n s  which were i n t e g r a t e d  
t o  g ive  normal force,  a x i a l  f o r c e  and p i  tching-moment c o e f f i c i e n t s .  To ta l  pressure 

adjacent t o  t h e  wake were used t o  c a l c u l a t e  the drag c o e f f i c i e n t  by the  method i n  
re ference 8. 

, surveys o f  the  model 's wake and s t a t i c  pressures on t h e  tunnel s idewal l  t h a t  were 

I 

! The data was recorded as sur face pressure d i s t r i b u t i o n s  which were i n t e g r a t e d  
t o  g ive  normal force,  a x i a l  f o r c e  and pitching-moment c o e f f i c i e n t s .  To ta l  pressure 
surveys o f  the  model I s  wake and s t a t i c  pressures on t h e  tunnel  s idewal l  t h a t  were 
adjacent  t o  the  wake were used t o  c a l c u l a t e  the drag c o e f f i c i e n t  by the method i n  
re ference 8. 

Correct ions have been app l ied  t o  the  data t h a t  account f o r  l i f t  i n t e r f e r e n c e  
and some o f  the  i n t e r f e r e n c e  caused by the  s idewal l  boundary layer .  
i n t e r f e r e n c e  was exper imenta l ly  determined from unpublished data on a 3- inch and 6- 
i n c h  chord model of the  NACA 0012 a i r f o i l .  Th is  c o r r e c t i o n  looses v a l i d i t y  i n  t h e  
t ranson ic  range, b u t  appears v a l i d  up t o  a Mach number o f  0.7. 
w i t h  t h e  angle o f  a t tack  e r r o r  a t  a given normal fo rce  c o e f f i c i e n t  and i s  given as: 

The l i f t  

The c o r r e c t i o n  deals 

- Aa meas. a = a  c o r r .  

Aa = (1.671Mmeas - -114) x c 
ncorr .  

The s i  dewall boundary 1 ayer problem, d i  scussed i n  d e t a i  1 i n  re ferences 
9 and 10, i s  a two-part  problem. H i s t o r i c a l l y ,  the  pr imary concern was the  
i n t e r a c t i o n  o f  t r a i  1 ing-edge boundary-1 ayer separat ion on the  model w i t h  boundary 
l a y e r  separat ion on t h e  s idewal l .  Th is  i n t e r a c t i o n  destroys the two-dimensional 
character  o f  t h e  a i r f o i l  t e s t  and can severely compromise the maximum l i f t  
measurement. Th i  s problem i s addressed by e i  t h e r  havi  ng s u f f i c i e n t  t e s t  sect ion 
w id th  as compared t o  the s idewal l  boundary-layer th ickness o r  a c t i v e l y  c o n t r o l l i n g  
t h e  s idewal l  boundary l a y e r  w i t h  var ious devices. 
addressed f o r  t h i s  f a c i l i t y  and reference 9 i n d i c a t e s  the  f a c i l i t y  l i m i t a t i o n s .  

Th is  problem has n o t  been 

The second problem w i t h  the  s idewal l  boundary l a y e r  concerns the e f f e c t  o f  the 
model-induced pressure gradients  i n  changing the  displacement th ickness o f  t h e  
s idewal l  boundary layer .  The behavior, s tud ied i n  d e t a i l  i n  re ference 10, a f f e c t s  
the  c o n t i n u i t y  equat ion f o r  two-dimensional f l o w  even though the  s idewal l  boundary 
l a y e r  has experienced no separat ion.  
account f o r  the  s idewal l  boundary l a y e r  e f f e c t s  by us ing t ransonic  s i m i l a r i t y  

Reference 10 shows der ived c o r r e c t i o n s  t h a t  
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. 

ru les .  These r u l e s  de f i ne  an equ iva len t  two-dimensional Mach number and pressure 
coe f f i c i en t ,  where the  Mach number c o r r e c t i o n  has been ca l cu la ted  and c u r v e d - f i t t e d  
aga ins t  the  measured Mach number: 

= 0.9731Mmeas - 0.01268 f o r  Mmeas < 0.5916 co r r .  M 

and 

Mcorr .  = 0 .99366Mmeas - 0.02483 f o r  Mmeas 0.5916 

The c o r r e c t i o n  f o r  pressure c o e f f i c i e n t  r e s u l t s  i n  the  f o l l o w i n g  normal f o rce  and 
p i t c h i n g  moment cor rec t ions :  

B 
( c  ) = ( c  1 x7 n,m c o r r .  n,m meas. l-M co r r .  

t 2 where, f o r  Mmeas < .6323, B = -0.6675M meas. .0791MmeaS + 1.0406 

and f o r  Mmeas .6323, B = -4.1123M meas. -5 .7215Mmeas t 2.3905 + 7.7301M meas. 2 3 

No c o r r e c t i o n  has been app l ied  t o  the  drag c o e f f i c i e n t  from the  6-by 28-inch 
t ranson ic  tunnel. These co r rec t i ons  are based on small disturbance theory and do 
n o t  address the  separated s i  dewall boundary 1 ayer problem mentioned e a r l  i e r  i n  
con junc t ion  w i t h  the  maximum l i f t  measurement. 

TEST AND METHODS 

Low-Speed Test  

The model was tes ted  a t  Reynolds numbers based on chord o f  3 m i l l i o n  t o  
9 m i l l i o n  and a Mach number range o f  0.10 t o  0.30. The model was tes ted  both w i t h  
smooth surfaces f o r  na tura l  t r a n s i t i o n  and w i t h  f i x e d  t r a n s i t i o n  a t  0.05 chord on 
both surfaces. For f i x e d  t r a n s i t i o n ,  a s t r i p  o f  no. 100 carborundum p a r t i c l e s  was 
g lued t o  the  surfaces w i t h  c l e a r  lacquer and had a w id th  o f  0.05 inches. 

For several t e s t  runs, t h i n  h o t - f i l m  gages were mounted on the  model upper 
sur face t o  determi ne the  l o c a t i o n  o f  boundary-1 ayer t r a n s i t i o n .  These r e s u l t s  are 
shown i n  f i g u r e  11. 

Since the fo rce  and moment data were measured w i t h  a balance f o r  the  low speed 
t e s t  and ca l cu la ted  by i n t e g r a t i n g  pressure d i s t r i b u t i o n s  f o r  the  h igh  speed t e s t ,  
some comparison o f  balance data and in teg ra ted  pressure data would be use fu l .  
F igu re  12 shows t h i s  comparison fo r  a previous t e s t  i n  the  LTPT on an NACA 4416 
a i r f o i l .  The agreement between the  balance-measured fo rce  data and the  fo rce  data 
from in teg ra ted  pressure d i s t r i b u t i o n s  i s  considered exce l len t .  

Sec t ion  p r o f i l e - d r a g  c o e f f i c i e n t s  were computed from the  wake-rake t o t a l  and 
s t a t i c  pressure by the  method o f  re ference 11. 
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Standard low-speed wind-tunnel boundary corrections given i n  reference 11 have 
been app l i ed  t o  the section data .  
dynamic pressure due t o  so l id  and wake blockage. Also, the l i f t ,  pitching moment, 
and angle of atack were corrected due t o  the f loor  and ce i l ing  boundaries. These 
corrections are as  follows: 

Corrections were applied t o  the free-stream 

+ 0.133 ( c  + 4 c  1 
OL = %eas. ‘meas. mmeas. 

C = ( c  I(0.978 - 0.133 c 1 
‘corr. ‘meas. dmeas. 

)(0.993 - 0.133 c ) + 0.0037 c 
meas. dmeas. ‘mea s . 

- cm - (cm 

Cd = ( c  )(0.989 - 0.133 c 
I dineas. dmeas. 

No corrections have been made t o  the data t h a t  account for  the sidewall 
boundary layer  e f f e c t  as i n  the h i g h  speed tes t  because the boundary layer  
displacement thickness i s  a much smaller f ract ion of the t u n n e l  w i d t h .  The  LTPT has 
approximately 1 percent of i t s  w i d t h  occupied by si dewall boundary 1 ayer 
displacement thickness compared t o  approximately 2.5 percent width for  the 6- by 28- 
inch tunnel. The maximum l i f t  measurements i n  LTPT consequently o f f e r  more accuracy 
than those i n  the 6- by 28-inch tunnel. 

PRESENTATION OF RESULTS 

Airfoi l  section da ta  froin the h i g h -  and low-speed tests are tabulated in 
Appendix A and B. 
graphically i n  the following figures:  

Selected pressure d i s t r i b u t i o n s  and section data are presented 

1. Measured chordwise pressure d is t r ibu t ions  from tes t  i n  the 6- by 28-inch 
transonic tunnel presented with the corrected values of angle of a t tack,  Mach 
number, normal-force coef f ic ien t ,  and pitching-moment coef f ic ien t .  

Conditions Figure 

Model smooth, Mcorr = 0.34, R = 3x106 and 5x106 .................. 13 

Model smooth, R = 4x106, Mcorr. = .70, .74, .75, .77 .............. 14 

Fixed transit ion a t  O.O5c, 

R = 11x106, Mcorr. = .69, .73, .75, 77.  ............................ 15 

tes t  i n  6- by 28-inch transonic tunnel. 
2. Effect of Mach number on section charac te r i s t ics  from 
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I ”  

3. 

4. 

5. 

6 .  

7. 

Condi t ions F igure  

= 0.695 t o  .772, model smooth, R = 4x106 .................... 16 Mcorr . 
= 0.676 t o  .770, f i x e d  t r a n s i t o n  a t  O.O5c, Mcorr . 

R = 11x106 ......................................................... 17 

E f f e c t  o f  Reynol s number on sec t ion  c h a r a c t e r i s t i c s  
from t e s t  i n  6- by 28-inch tunnel. 

Condi t ions F igure  

= 0.49, model has f i x e d  trans. a t  O.O5c, Mcorr. 

R = 4x106 and 9x106 ................................................ 18 

Mcorr . = 0.70, model smooth, R = 4x106, 9x106 and 10x106 .......... 19 

Mcorr . = 0.34, model smooth, R = 3x106 and 5x106, 

(normal- force and p i  tching-moment c o e f f i c i e n t s  on ly ) .  ............. .20 
E f f e c t  o f  Mach number on sec t ion  c h a r a c t e r i s t i c s  
from t e s t  i n  LTPT. 

Condi t ions F igure  

M = 0.10 t o  .29, model smooth, R = 6x106 ........................... 21 

E f f e c t  o f  Reynolds number on sec t ion  c h a r a c t e r i s t i c s  from t e s t  i n  LTPT. 

Condi ti ons F igu re  

M = 0.20, R = 3 . 0 ~ 1 0 ~  t o  6 . 0 ~ 1 0 ~ ;  M = 0.14, R = 6 . 0 ~ 1 0 ~  

and 9.0x106, model smooth .......................................... 22 

E f f e c t  o f  f i x e d  t r a n s i t i o n  on sec t ion  c h a r a c t e r i s t i c s  
from t e s t  i n  LTPT. 

Condi t ions F igure  

M = 0.20, R = 3 . 7 ~ 1 0 ~  t o  6x106 ..................................... 23 

Ef fec t  o f  t ra i l i ng -edge  s p l i t  f l a p  on sec t ion  l i f t  and p i t ch ing -  
moment c o e f f i c i e n t s  from t e s t  i n  LTPT. 

Condi t ions F igure  

M = 0.10 t o  .14, tif = 0 and 60’ 

F lap  leng th  = O., 2Oc, model smooth, R = 6x106 ..................... 24 
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8. E f f e c t  o f  Mach number and Reynolds number on maximum 
l i f t  c o e f f i c i e n t  from t e s t  i n  LTPT. 

Condi t ions F igure  

6 6 M = 0.10 t o  .29, R = 3x10 t o  6x10 model smooth ................... 25 
V a r i a t i o n  o f  drag c o e f f i c i e n t  w i t h  Reynolds number from t e s t  i n  LTPT. 9. 

~ 

Condi ti ons F igu re  
6 6 

= 0.2, M = .30, R = 3x10 t o  9x10 c, 
Model i s  both smooth and has f i x e d  t r a n s i t i o n  a t  0.05~.............26 

10. V a r i a t i o n  o f  drag c o e f f i c i e n t  w i t h  Mach number from t e s t  i n  
6- by 28-inch t ranson ic  tunnel. 

Condi t ions 

cn = .26, model smooth w i t h  R = 4x106, 

F igure  

f i x e d  t r a n s i t i o n  a t  0 . 0 5 ~  w i t h  R = 11x106 .......................... 27 

SUMMARY OF RESULTS 

Th is  i nves t i  g a t i  on prov ided the  f o l l  owi ng resu l  t s :  

1. Boundary-layer t r a n s i t i o n ,  measured i n  the  LTPT, moved forward by 
approximately 0 . 1 0 ~  a t  the  design l i f t  c o e f f i c i e n t  (c, = 0.25) 
chord Reynolds number increased from 3 m i l l i o n  t o  9 m i l l i o n .  The 
t r a n s i t i o n  occurred between 0 . 5 0 ~  t o  0 . 7 0 ~  on the  lower surface. 

as the  

2. The maximum l i f t  c o e f f i c i e n t  measured i n  the  LTPT was about 1.7 f o r  
t h e  bas ic  a i r f o i l  and about 2.5 w i t h  a 60-degree, 0 . 2 0 ~  t ra i l i ng -edge  
sp l  i t - f l a p .  

Inc reas ing  the  Mach number from 0.10 t o  0.30 a t  a f i x e d  Reynolds 
number of 6 m i l l i o n  reduced the  maximum l i f t  c o e f f i c i e n t  measured i n  the  
LTPT by only  10 percent. 

3. 

4. F ixed boundary-layer t r a n s i t i o n  near the  lead ing  edge o f  the  a i r f o i l  
decreased the  maximum l i f t  c o e f f i c i e n t  measured i n  the  LTPT by 
approximately 0.04. 

5. The minimum drag c o e f f i c i e n t  a t  t he  design l i f t  c o e f f i c i e n t  was 
0.0036 a t  a chord Reynol ds number o f  6 m i  11 ion, as measured i n  the  LTPT 
forM < 0.30. For the  high-speed t e s t  i n  the  6- by 28-inch t ransonic  
tunnel ,  the  minimum drag a t  t he  design Mach number o f  0.70 and chord 
Reynolds number o f  4 m i l l i o n  was 0.0072. 
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6. From the  high-speed tes t ,  the  drag- r ise  Mach number a t  a l i f t  
c o e f f i c i e n t  o f  0.26 occurred a t  a Mach number o f  0.725 f o r  the  smooth 
model a t  a chord Reynolds number o f  4 m i l l i o n .  
t r a n s i t i o n  a t  O.O5c, and chord Reynolds number o f  11 m i l l i o n ,  the  drag- 
r i s e  Mach number dropped t o  0.712 

With f i x e d  boundary-layer 
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TABLE I: COORDINATES FOR THE HSNLF(1)-0213 AIRFOIL 

X; HSNtF(l)-B813 AIRFOIL # 
LOWER SURFACE COORDINATES 

X I C  
0 * 0  

00025 
00050 
00075 

,0010 
,001s 
b 0020 
0025 
, 005 
,010 
020 
, 030 
040 

e 050 
060 

e 080 
090 

a 100 
125 
150 
175 
200 
225 
, 250 
275 
300 

6 325 
a 350 
375 
400 

b 4 2 5  
e 450 
* 475 
500 

12 

z/c 
0,0 
-,00159901 
-,00230222 
-,00286038 
-,00334494 
-.00419028 
-,00492252 
-,00556459 
-.00795793 
-, 011201 1 
-,0155117 
-,0187992 
-, 0215501 - 0239056 
-, 0260205 

- 031463 1 

0367325 

-. 0428315 

0,0297664 

- e 0330753 

0,0399681 

0,0453554 
0,0476378 

0497128 
O b  0515824 
-, 0532687 
0 ,  0547767 
-e0561033 
0,8572318 
-e0581716 
0,0589204 
0.0594781 -. 0598050 
0,0599816 

x/c 
525 

e 550 
575 
600 
625 
650 

e 675 
680 
700 
725 
750 

,775 
e780 
e 800 

825 
e 850 
8’75 
900 

e 920 
925 
950 

e 975 
980 
990 

1 * 0  

.820 

z/c 
- e  0600226 
- 0  8598038 
- e  0593236 
- e  0585655 
- e  0574839 
- e  0559400 
- 0  0538433 
0.0533504 
-e0509298 

0463495 
-68410619 
- 6  0367508 
- e  0359986 
0.0331313 
- 6  0304965 
-*0298719 
0 6  0269506 
0.0843847 
- e  021 8780 
- 0  8 2 8 8 m  
-*8195751 
- 6  0175194 
0,8158287 
0 0155455 
-*0150271 - 0 8145608 



TABLE 1: CONCLUDEDe 

8 HSNLF(l)-0213 AIRFOIL X 
UPPER SURFACE COORDINATES 

W C  
O e O  

e 00025 
e 00050 
e 00075 
e0010 
e0015 
* 0020 
0025 

e 005 
e010 
e 020 
e 030 
040 

e 050 
060 
080 
090 

e 100 
e 12s 
e 150 
e 175 
e 200 
225 
250 
275 
300 

e 325 
e 350 
e 375 
e400 
e425 
e 4 5 0 .  
e 475 
e 500 

z/c 
O e O  

e00301272 
e 00428352 
e 80526275 
00608870 

e 00746999 
e 00862628 
e 00963673 
,0135129 
,0186690 
e 0252367 
e 0300557 
e 0340027 
e 0374370 
e0404896 
e 0457286 
e0480263 
e0501504 
e0548232 
e0587791 
e 0621388 
e 0649785 
e 0673697 
e 0693627 
e0709735 
e 0722353 
e0731582 
e 0737502 
e0748317 
e 0740003 
e 0736666 
e 0730084 
e 0720296 
e 0706895 

X / C  
e 525 
e 550 
,575 
e 600 
e 625 
e 650 
e 675 
e 680 
e 700 
e 725 
e 750 
e 775 
e 780 
e 800 
e 820 
e 825 
e 850 
e 875 
e 900 
e 920 
e 925 
e 950 
e 975 
e 980 
e 990 
l e 0  

2/c 
0689648 

e 0667778 
e 0640790 
e0607751 
e0568193 
e 052 1886 
e 0469746 
e 0458726 
e0413226 
e 0354629 
e 0295444 
e0238415 
e0227189 
,0182871 
e0140757 
e0130549 
e00818483 
e 00350601 
-e00057777 
-e00358925 
-e00430936 
-e00761355 
-e0106563 
- e  01 12067 
-e0122354 .. e 0 13220 
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TABLE 2: ORIFICE LOCATIONS ON HSNLF(1)-0213 AIRFOIL MODEL 
TESTED I N  THE 6- BY 28-INCfi TRANSONIC TUNNEL 

ORIFICE NO, X/C 

LOWER SURFACE 

1 0,0015 
2 0,0138 - 

3 
4 
5 
6 
7 
8 - 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

0 4 0258 
0 0503 
0 . 0760 
0.1000 
0.1503 
0.2011 
0 2582 
0 3006 
0 3505 

0 4507 

0 0 5505 
0 6007 
0 6504 

0.4003 

0 . 5005 

0 6751 
0 . 7006 
0.7257 

0 . 8007 
0.8510 
0 9003 
0.9502 
0 4 9753 

0 7509 

Y / C  z/c 

9.883 0.0002 
-,0129 

0,0333 

0.0457 
0.0401 

0.0499 
0 0535 
0.0562 
0 0583 
0 0596 

0 0599 
0 0587 

0 0540 

0.0601 

- . 0559 

- . 0509 - 0465 
-,0412 
0.8333 
9.8271 -. 0221 



TABLE 2: CONCLUDED, 

ORIFICE NO. % I C  Y /c z/c 
UPPER SURFACE 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

0 t 0127 
0 t 0244 
0 t 0503 
0 t 0757 
0 t 0999 
0 t 1498 
0 t 2002 
0 2505 
0 3004 
0 t 3505 
0 4005 
0 t 4506 
0 t 5005 
0 t 5257 
0 t 5505 
0 t 5357 
0.6013 
0 6507 
0 7804 
0 t 7505 
0 t 8012 
0 t 8505 
0 t 9009 
0 t 9514 
0 t 9758 

0 t 883 0,0213 
0 t 0281 
0 t 0381 
0 t 0453 
0 t 0507 
0 t 0593 
0 t 0656 
8 t 0700 
0 0728 
0 t 0743 
8 t 0746 
8 0736 
0.0712 
0 e 0695 
0 8673 
8 0646 
8,0612 
0 t 0526 
0.0418 
8 0302 
0,0188 
0 t 0086 
0 t 0000 
-t 0072 
-t010l 

ORIFICES NEAR SIDEWALL 

ORIFICE NOe x/c Y / C  z / c  
UPPER SURFACE 

52 
53 
54 
55 
56 
57 
58 
59 
60 

0 e 0000 
0 t 0128 
0 e 0749 
0 t 0932 

0 t 6008 
0 t 7004 

8 9008 

0 5005 

0 8003 

0 t 4795 0 t 0000 
8,0215 
0,0451 
0 t 0507 
0t0713 
0,0614 
8.0419 
0.0188 
0 t 8000 
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- APPENDIX A. 

ALPHA 
OE G 

-4.13 
-1.96 

.02 
2.02 
4.05 
6 . 0 3  
8.04 

10.01 
10.99 
12.01 
12.99 
13.99 
15.00 

4LPHA 
DE G 

-. 09 
0 3  

3.99 
6-00  
8.01 
9.95 

11.99 
13.95 
15.97 

ALPHA 
DE G 

-4.12 
-1.97 

-.01 
.oo 

2.04 
3.96 
5.99 
8.02 
9.97 

11.15 
12.00 
12.97 
14.03 
15.05 
16.12 

HSNLF(1)-0213 A I R F O I L #  LANGLEY 6-BY 2 8 - I N C Y  TRANSOYIC TUNNFL, TEST 115 

MOO€L SROOTH RIJYS 1-13 

RUN 1 

ALPHADC MACH HACHIC CN CN, C CY CM, C c o  P N  
OEG I X  10-6) 

- 4  03 
-1 e98 

- e 0 9  
1.81 
3.73 
5.61 
7.54 
9.45 

10.41 
11 e42 
12.41 
13.41 
14.46 

362  
363 

,359 
.354 

3 6 0  
.353 
e356 
.359 
.357 
- 3 5 2  
,357 
.354 

356 

e339 -e1863 
- 3 4 1  ,0317 
- 3 3 6  ,2228 
e332 e4297 
e337 ,6203 
e331 e8425 
- 3 3 4  1.0040 
e336 1.1083 
,335 1.1497 
e330 1.2019 
,335 1.1578 
e331 1.1576 
e334 1.0856 

-.1945 
,0331 
-2326 
.448? 
e6475 
,8797 

1 a0487 
1.1570 
1 2003 
1.2550 
1.2087 
1.2087 
1.1334 

-e0339 
-e0353 
-.0201 
-e0253 
-e0258 
-e0378 
-e0322 
-e0232 
-e0216 
-e0142 
-.0110 
-.0132 
- .o in i  

-e0354 
-e0368 
-.0210 
-e0264 
-SO269 
-e0395 
- . 0 3 3 6  
-.0242 
-e0226 
-a0148 
-e0115 
-.0138 
-e0189 

*** *** *** *** *** **+ ** + *** **+ *** *** *** **+ 

2.75 
2.75 
2.84 
2.86 
2.85 
2.81 
2.77 
2.89 
2.80 
2.82 
2.82 

2.87 
2.89 

RUN 2 

ALPHA,C flACH MACHIC C N  CN, C CM CM,C CD RN 
OEG ( X  10-6) 

-e19 
- .08 
3.69 
5.60 
7 - 5 1  
9.39 

11 e 4 0  
13.38 
15.43 

3 7 1  
,367 
- 3 5 1  
.355 

3 6 4  
3 6 1  

.357 
350  

,347 

.348  

.345  
328 
.333 
e342 
.339 
.335 

328 
325 

- 1 9 4 7  
e2033 

6019 
a7932 

971  1 
1.1035 
1.1710 
1.1581 
1.1134 

2032 
.2122 
e 6285 
.8282 

1.0135 
1.1519 
1 2225 
1 2093 
1.1628 

-e0131 
-e0138 
-mol98 
-.0205 
-.0201 
-e0217 
,-.0181 
-e0203 
-e0560 

-a0137 
-e0144 
-e0207 
-.0214 
-.0210 
-e0227 
-.0189 
-.0212 
- e 0 5 8 5  

00530 
00570 
00915 

e01135 
01480  *** *** *** **+ 

2.77 
2.78 
2.69 
2.75 
2.76 
2.70 
2.71 
2.70 
2 -70  

RUN 3 

ALPHAIC MACH MACHIC C N  CNIC CY CMpC C D  RN 
D E G  ( X  10-6) 

-4.01 .356* e334 -e2257 
-1.97 - 3 5 8  e335 e0009 

- a l l  - 3 6 2  ,340 -2028  
-e10 - 3 6 1  e339 e2032 
1.83 ,356 e334 ,4136 
3.66 - 3 6 1  ,339 ,5939 
5.58 ,359 e337 ,9132 
7.52 e364 e341 e9693 
9.40 ,362 e339 1.1054 

10.56 4358 ,335 1.1720 
11.39 - 3 5 3  ,330 1.2244 
12.37 e357 a335 1.1935 
13.45 - 3 5 6  e334 1.1660 
14.47 .355 e332 1.1589 
15.55 e359 e 3 3 6  1.1203 

-a2356 
no009 
.211? 
.2121 

,6199 
e8489 

1.0117 
1.1538 
1.2235 
1.2785 
1 2460 
1.2174 
1.2100 
1.1695 

,4318 

-.0065 
-e0116 
-a0138 
-.0137 
-e0172 
-.0211 
-.0218 
-a0234 
-e0215 
-.0203 
-e0253 
-e0163 
-.0134 
-.0323 
-.0563 

-a0068 
-.0121 
-e0144 
-e0143 
-.0180 -. 0220 
-.0220 
-.0244 
-.0224 
-.O212 
-e0264 
-.0170 
-e0140 
-e0337 
- . 0 5 8 8  

*** 2.95 *** 3.02 *** 3.05 *** 2.95 *** 2.96 *** 3.10 *** 3.04 *** 3.08 *** 3 - 0 9  *** 3.12 **+ 3.07 *** 3.08 *** 3.10 *** 3.10 *** 3.14 

P O I N T  

2 
3 
4 
5 
6 
7 
9 
9 
10 
11 
1 2  
13  
1 4  

P O I N T  

1 7  
18 
20 
2 1  
22 
23 
24 
25 
26 

P O I  Y T  

29 
3 0  
3 1  
2 9  
3 2  
3 3  
34 
35 
36 
3 7  
38 
39 
40  
4 1  
42 

16 



ALPHA 
DE G 

-4.02 
-1.97 

-.07 
- e  Ob 

- 0 3  
1.97 
4.03 
5.99 
0 . 0 1  
9.90 

1 0 . 9 7  
11.98 
12.97 
13 .99  
14 .97  

ALPH4 
DEG 

-. 10 
-006 
2.02 
3.98 
5 .99  
8.04  

101 0 4  
11 .04  
11.47 
11 .50  
1 1 0 9 7  
12.52 
13 .00  

ALPHA 
DEG 

-2 .05  
-1.03 

- e  0 7  
-.01 

. 9 9  
1 .47  
2.02 
2.51 
2 .97  

APPENDIX A * -  

ORIGINAL PE?E rs 
OF POOR QUALITY 

HSNLF( l ) -0213  A I R F O I L ,  LANGLEY 6-BY 2 0 - I N C Y  T Q A N S l l N I C  TIJNNEL, T E S T  11+CONTINtJE9 

RUN C 

ALPHAIC 
DEG 

- 3 . 9 1  
-1 9 7  

-.17 
-e16  
- .08  
1 e75 
3 .71  
5.56 
7 . 4 8  
9.30 

10.33 
11.35 
12  3 4  
13 .36  
14 .37  

ALPHAIC 
DEG 

- . 2 1  
- e 1 7  
1 . 8 1  
3.66 
5.57 
7 . 5 1  
9.43 

1 0 . 4 1  
1 0 . 8 3  
10.86 
11.34 
11 .89  
12  e 3 6  

ALPHA.C 
DEG 

-2.05 
-1 .18  

- e 3 6  
- e 3 1  

.54 
96 

1 . 4 2  
1 - 0 9  
2.24 

MACH 

I 360 
, 3 6 0  
. 3 5 9  
.353 
, 3 5 9  
. 3 5 3  

360 
. 3 5 7  
. 3 5 9  

352 
. 3 5 2  
a356 
. 3 5 8  

350 
360 

MACH 

360 
360 

. 3 5 7  

.353 
360 

.355  
, 3 5 7  
.358 
e 3 5 1  
. 3 4 8  
. 3 5 3  

3 5 1  
e 3 5 0  

MACH 

7 3 0  
7 3 1  

e720  
0 7 2 6  

727 
e725 

720 
e723 

722 

MACH, C 

.338 

.339 
,337 
e331 
.337 
,331 
e330 
.334 

336 
- 3 3 0  
.329 
,333 
.335 
e336 
.337 

MACHpC 

.337 

.338 

.334 
e331 
,338 

332 
,335 
e336 
e329 
.32b 
, 3 3 1  
-328  
e328 

NACHIC 

700 
702 

e697 
-697 
e695 
- 6 9 8  
- 6 9 3  
e692 

- 6 9 9  

CN 

-e2196  
. 0 0 2 0  
e1997 
- 2 0 9 0  
, 2 2 0 0  
- 4 3 6 1  
e6384  
.e574  

1 . 0 4 5 6  
1 .2177  
1 .2998  
1 .2513  
1 . 2 4 4 1  
1 .2487  
1 . 1 7 6 4  

C N  

. 2 1 0 1  
e2079  
e4240 
e6493 
e8290  

1 .0577  
1 .2014  
1 . 2 4 0 6  
1 . 2 9 7 0  
1 0 3 0 8 1  
1 . 2 6 7 s  
1 .2752  
1 .2985  

CN 

- e 0 0 4 1  
, 1 2 8 0  
- 2 5 7 5  
,2660 

3 9 6 8  
e4550 
. 5 2 7 6  

. 6 4 6 7  

.5894  

CNIC 

-e2292 
,0021 

2085 
,2102 
2 305 

.4554 
6664 
09 51 

1.0915 
1 .2715  
1.3573 
1 3064 
1 2988 
1 3036  
1.2200 

RUN 5 

CNpC 

- 2 1 9 3  
e2170 
e4427 
- 6 7 8 0  
a0654 

1.1043 
1 .2542  
I e2951 
1 3544 
1 3661 
1.3234 
1.3316 
1 3560 

RUN 6 

CNIC 

-e0042  
e1316 
e2647 
e2734 
m4078 
e4685 
.5423 
- 6 0 5 8  
- 6 6 4 7  

C M  

-e0072 
-e0113 
-e0143 
-e0141  
-e0143 
-00186 
-e0217  
-.0242 
-e0251  
- e 0 2 4 6  
-e0313 
- S O L  3 9  
- .0181  
-e0299  
-mot46 

Cn 

- 0 0 1 4 7  
-e0151  
- . o l e 1  
-.O228 
-00242 
- a 0 2 6 1  
-e0227 
-e0206 
- 0 0 1 9 2  
-.OZZO 
-e0235 
-e0172  
-e0319  

C M  

-e0153 
-e0178 
-e0214 
-.0210 
-e0236 
-a0239  
-e0230 
- 0 0 2 4 7  
-e0235 

c n r c  

- 0075 
-.0110 
-e0149  
-a0147  
-a0149  
- a 0 1 9 6  
-e0227  
-e0253 
-e0262  
-a0257 
-a0327  
-e0145 
- . o l e 9  
-e0312  
-e0257  

c n t c  

-00153  
-00158  
- 0 0 1 0 9  
- 0 0 2 3 1  
-e0253  
-so273 
-e0237  
-e0215 
-10200  
-e0230  
-e0245 
- .o leo  
-.0333 

CMrC 

- .0157 
- .O le3  
-.O2ZO 
-e0216  
-.0243 
- e 0 2 4 6  
- .0245 
-so254 
-.OZ42 

c o  

*** *** *** *** *** *** *** *** +** *** *** *** *** *** *** 

C D  

*I* *** *** *** *** *** *** *** *** *** *** *** +** 

C D  

0 0 7 5 7  
0 0 6 9 1  

- 0 0 7 4 3  
.00702  
00650 
00797  
0 0 9 0 7  
00742  

. 0 1 0 0 0  

RN 
( X  10-5)  

4.95 
4 .99  
4.90 
4.93 
4.94 
4.84 
4.99 
4.53 
4.96 

4.90 
4.93 
4.98 
4.95 
5.01 

4 . 8 6  

at4 
( X  10-6) 

6.50 

6.60 
6.53 
6.71 
6.64 
6.73 

6 . 5 6  

6.78 
6.66 
6 . 4 3  
6.64 
6.S8 
6.65 

RN 
( X  10-61 

4 . 2 1  
4.26 
4.26 
4.27 
4.32 
4.34 
4.32 
4.31 
4.40 

P O I N T  

4 7  
4 9  
45 
46 
49 
50 
5 1  
5 2  
5 3  
5 4  
5 5  
56 
5 7  
59  
5 9  

P O I N T  

7 0  
67 
6 3  
64 
b5 
66  
6 7  
68 
6 9  
7 1  
7 2  
7 3  
74  

P O I N T  

R l  
9 2  
AI) 
0 3  
04 
e 5  
86 
87 
0 8  

I 17 



APPENDIX A.- 

ALPHA 
DE G 

-2 .09  
-1 03  

03  
-.0,2 

. 9 9  
1 . 4 8  
2 .01  
2 .49  
2.98 

ALPHA 
OE G 

-2 .05 
-1.03 

- .53 
0 4  

- e  03  
. 4 7  
. 9 9  

1 .48  
1 . 9 8  

ALPHA 
OE G 

-2 .02  
-1.03 

- e  0 7  
- . 0 2  

047 
. 9 9  

1 .48  
1 .97  

HSNLFf 1 ) - 0 2 1 3  41RF0ILP LANGLEY 6-BY 23-INCH TQANSONIC TUNNEL, TEST 115-CONTINUE0 

RUN 7 

ALPHA,C 
OEG 

-2 09 
-1 .18  

-e32 
- e32  

. 5 5  
e96  

1 a42 
1 . 8 2  
2 . 2 5  

ALPHA P C 
DEG 

-2.05 
-1 a 1 9  

- . 77  
- . 3 5  
- . 3 4  

.08 
52 

. 9 4  
1 . 3 7  

4LPHApC 
OEG 

-2 .03  
-1 .20  

- . 39  
- . 3 5  

0 7  
52 

.95  
1 . 3 8  

MACH 

725  
e730 
- 7 2 4  
.725  
e728  
- 7 2 5  

722  
a723 
e723 

MACH 

. 7 4 4  

. 7 4 7  
a746 
. 7 4 7  
.748  
.745  
.745  
0 744  
. 7 4 3  

MACH 

e769 
767 
764 
763  

, 7 6 7  
7 6 4  

. 7 6 2 ,  
765 

MACHIC 

e695 
700 

e695 
,696  
698 
695 

m692 
e693 
694 

MACHsC 

0715  
717 

e716 
717 

,718 
e715 
e716 

715 
e713 

RACHeC 

-740  
.738 
.734 
.734 
.737 
.734 
e732 
.735 

CN 

- . 0 0 4 4  
e1279 

2597 
- 2 6 2 0  

3909  
, 4 5 9 3  
, 5 2 5 8  

5930 
a 6 4 6 6  

CN 

-00011 
.1352  

2049 
e2678 
e2677  
- 3 3 5  6 
e4009  
- 4 6 8 6  
, 5 2 4 4  

CN 

- 0 0 9 3  
- 1 4 3 5  
e2680  
e2729  
e3302 

3926 
4492 

.4959  

CN,C C M  

- e 0 0 4 5  01 54 
e1315 -e0176 
e2669 -e0214 
-2693  -e0209 
.4018 - .0233  

4721 - . 0 2 4 0  
e 5 4 0 4  -e0241 
e6095 -e0242 
e6646 -e0241 

RUN 8 

CNsC C M  

-00011 -00164  
1389 -e0198 
2106 -e0219 
2752 - e  0233  

,2751 -e0229 
3449 -no248 
4120 - e 0 2 6 4  

04816  -00200 
-5309  -e0280 

RUN 9 

CNpC CM 

-0096  -e0182 
.1474 -.O222 
-2754  -e0259 
-2804 - .0266 
, 3393  -.O288 
e4034 -e0302 

4616 -e0317 
e5095 -a0333 

C M * C  

-e0158 
- . o l e 1  
-.O220 
-e0215 
-e0239 
-e0247 
- . 0 2 4 8  
-e0249 
-e0248 

CMrC 

-e0169 
-e0203 
-a0225 
-e0239 
-a0235 
- a 0 2 5 5  
-e0271 
- .0288 
- .0208 

cn,c 

-e0187 
- .0228  
-e0266 
-e0273 
- .0296  
-e0310 
- e 0 3 2 6  
- e 0 3 4 2  

c o  

e00737 
, 0 0 6 5 7  
e00657 

0 0 6 4 4  
00699 
00735 

e00779 
e 0 0 8 4 8  
e00966 

co 

00714 
00647 
00703  

e00687 
e 0 0 6 8 6  

00728  
e 00794 
a00774 

00935  

t o  

00796 
00749  
00927  

e00865 
- 0 1 1 2 3  
e01259 

01435 
e01630 

RN 
( X 10-6) 

4 .37  
4 e28 
4 . 2 4  
4 . 3 c  
4 . 2 8  
4 . 3 8  
4 . 3 0  
4 . 3 6  
4.40 

RN 
C X 10-6) 

4 . 2 7  
4 .25  
4 . 1 9  
4 .25  
4.18 
4 . 2 7  
4 . 2 4  
4 - 2 0  
4 .26  

RN 
( X  10-6 )  

3 .86  
3 .95  
3.92 
3 . 0 9  
3 .87  
3 .95  
3 .92  
3.94 

POINT 

91 
92  
9 0  
93 
9 4  
9 5  
9 6  
9 7  
9 8  

P O I N T  

101 
102 
1 0 3  
104  
100 
105  
1 0 6  
1 0 7  
108  

POINT 

1 1 1  
1 1 2  
1 1 0  
1 1 4  
115  
1 1 6  
117  
118 

I 18 
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ORIGINAL PC.ZZ 83 
OF POOR 0': 9 

APPENDIX A.- 

ALPHA 
DE G 

-2 .05 
-1 e 0 3  -. 5 4  

- e  0 7  
-.02 

. 4 7  
96 

1.48 
1 .97  

ALPHA 
OE G 

-2.02 
-1.05 

- e 5 1  
-a03 
- . O l  

. 4 7  

. 9 8  
1 .48  
2.00 

ALPHA 
OE G 

-2.02 
-1.07 -. 5 2  

- e  Ob 
5 2  

1.02 

ALPHA 
DE G 

-1 .04 
- .55  -. 04 -. 0 1  

4 1  
.98  

HSNLF(1)-0213 AISFOILr LANGLEY 6-BY 28-INCH TRANSONIC TUPYELI T E S T  115-CONTINUE0 

ALPMA I C 
D E G  

-2 .05  
-1.20 

- .78 
- . 3 7  
- . 3 4  

0 9  
52  

.97 
1 .40  

ALPHArC 
DEG 

-2.00 
-1.19 

7 2  
3 0  

- e 2 9  
. 1 2  
.57  

1.00 
1 .47  

ALPHAIC 
DEG 

-2.02 
-1 .22  
-.I5 
-e36  

.14 
5 6  

ALPHArC 
DFG 

-1 .18  
-e76  
- .33 
- e 3 1  

a 0 9  
.53 

M A C  H 

. 7 8 4  
e 7 8 1  
. 7 8 4  
. 7 8 9  
, 7 8 4  
e786  
. 7 8 1  
e782 
. 7 7 9  

MACH 

. E 0 5  

.E04 

. a 0 4  
. 9 0 4  

8 0 7  
. E O 1  

803 
. 7 9 7  
, 7 9 7  

MACH 

, 7 3 1  
724 

,724 
- 7 2 9  

7 2 5  
e725 

MACH 

. 7 2 5  
e723 

7 2 0  
e716  
e724 
. 7 2 4  

MACHIC 

.754 
e751 
.754 
.759 
,754 
e756 
e752 
e752 
.749 

MACH,C 

.775 

.774 

.774 

.774 

.777 
7 7 1  

.773 
767 
767 

MACHIC 

702 
69s 

,694 
700 

e696 
695 

MACHIC 

696 
- 6 9 3  

6 9 1  
b87 
694 
694 

CN 

002 3 
,1378 
, 1 9 2 0  
a2445 
a 2 5 6 9  

307 6 
, 3617  
.4157  
, 4 6 7 1  

CN 

-e0174  
,1087  
. l b @ 8  
- 2 1 7 2  
e2175 
,2792  
,3228  
,3813  
e4256 

CN 

.0040 
1 2 9 9  

-2004  
,2607 
.3347 
.4044  

CN 

1 2 7 0  

e2609 
,2675  
.335 8 
, 4 0 1 0  

.1908  

RUN 10 

C N r C  Clr 

e0024 -.0217 
,1416  -e0271  
,1972 -e0292 
a2511 -e0333  

2 639 0 3 1 7  
3160  -e0334 

,3716 -e0343 
eC270 - e 0 3 6 5  
,4799 -e0368 

RUN 11 

CNrC C M  

- e 0 1 7 9  - 0 0 2 4 6  
a1116 - e 0 3 0 1  
,1733 -e0336  
a2230 -e0351  
e2233 -e0358 
,2867 -a0375 
- 3 3 1 5  -a0387 
- 3 9 1 6  - .040S 

4 3 7 1  -e0408 

RUN 1 2  

CNrC C M  

0 0 4 1  - e 0 1  5 5  
e1335 - e 0 1 6 3  
2 060 -. 0 1 97 

e2679 -e0217  
3440  -a0223 

~ 4 1 5 6  - .0237 

RUN 1 3  

CNI c Cq 

,1305 -e0179  
a1961 -e0193 
e 2 6 8 2  -e0207  
,2750 -e0209  
e3451 -a0230  
,4122 - e 0 2 4 1  

C M I C  

-e0223  
- .0278 
-e0300  -. 0342  
-e0326  
-e0343 
-00352  
-e0375 
-e0378  

CMr C 

-.02S3 
- e 0 3 0 9  
-e0345  
-a0360 
-e0368 
- e 0 3 8 5  
-e0397  
-e0416 
-e0419  

C M s C  

-e0159  
- .0188 -. 0202 
- .0223 
- e 0 2 2 9  
-.a244 

cn, c 

-.O184 
-e0198 
-so213 
-e0215  
-e0236  
-.024R 

c o  

.00916  

.01000  
e01260 

01662  
.01412  
e01839  
e01936 

02194  
02308  

CD 

+++ 
, 0 1 7 9 1  
m02054 
- 0 2 2 2 4  
,02256  

+++ 
*++ ++* 
+*+ 

CD 

e00698 
0 0 7 4 8  

. 00789  
e00782 
0 0 0 8 3 3  
.00049 

C D  

e00768 
00806 
0 0 8 2 6  

.00780  

.00855  
0 0 8 7 0  

RN POINT 
( X  10-6)  

3 .97 1 2 1  
3 . 9 4  1 2 2  
3.94 1 2 3  
3.92 1 2 0  
3 .91  1 2 4  
3 . 9 1  1 2 5  
3.96 1 2 6  
3.92 1 2 7  
3.98 128  

RN POINT 
( X  10-6)  

3 - 0 6  1 3 1  
3.85 1 3 2  
3 .80  1 3 3  
3 .84  1 3 4  
3.89 130 
3.8s 1 3 5  
3.87 1 3 6  
3.84 137 
3.90 1 3 8  

RN POINT 
( X  10-61 

8.43 1 4 1  
8.45 1 4 2  
8 . 5 1  1 4 3  
8 .39  1 5 9  
8.83 1 4 5  
e .89 146 

RN POTNT 
t X  10-6)  

10.39 1 5 3  
10.68 1 5 4  
10.22 1 5 7  
10.16 1 5 2  
10.42 158 
10 -52  159 

19 



APPENDIX  A.- 

ALPHA 
DE G 

-2.03 
-1.02 
-e07 
.02 
.99 

2.02 
2.97 
4.01 

ALPHA 
OE G 

-2.05 
-1.02 

- e  O b  
- e 0 3  

03 
.os 

1.02 
2.02 
2.03 
3.00 
3.01 

4.02 
4.05 
5.01 

3.01 

ALPHA 
DE G 

-2.04 
-e99 
-.54 -. 05 
- e 0 5  

03 
.54 

1.49 

HSNLF(1)-0213 A I R F O I L ,  LANGLEY 6-BY 28-IYCH TRANSONIC TUNNELt  T E S T  115-CONTINlJEO 

MODEL HAS F I X E 0  T R A N S I T I D N  AT 0 . 0 5 C  R U Y S  16-37 

RUN 16 

ALPHArC 
OEG 

-2.02 
-1.10 
-e23 
-e15 
.74 

1 e 6 9  
2.55 
3.51 

ALPHArC 
OEG 

-2.04 
-1.10 
-.22 
- e  19 
-a19 
-.12 
-76 

1.68 
1.69 
2.57 
2.58 
2.58 
3-9 5 1 
3.53 
4.41 

ALPHAsC 
DEG 

-2.02 
-1 e 1 3  
-.74 
-e32 -. 32 
-e25 

19 
1 .oo 

MACH 

-517 
e517 
.513 
520 
-514 
a516 
-516 
514 

M A C H  

e510 
,512 
-513 
.507 
-510 
e512 
e512 

510 
509 
e512 
510 
510 

-515 
.510 

.509 

MACH 

707 
703 
705 
.704 
707 
e705 
702 
707 

MACH*C 

490 
491 
.487 
.493 
.488 
.489 
-490 
.488  

Y ~ C H I C  

.484 

.485 
e486 
e 4 8 1  
.484 
a486 
.485 
.483 
483 
a482 
.485 
484 
.483 
,488 
.483 

HACH,C 

678 
.674 
675 
e675 
.677 
675 
673 
677 

CN 

0104 
-1005 
,2036 
a2137 
e3217 
e4295 
5360 
-6506 

CN 

-. 018 7 
.loo5 
,2099 
e2142 
e2093 
2237 
-3325 
e4510 
.4484 
e5610 
,5607 
.5577 
6733 
-6776 
.7849 

CN 

-mol64 
-1253 
,1802 
2490 
.2448 
e2590 
e3261 
e4502 

CN9C C M  

-.0108 -.0118 
e1041 -e0131 
-2110 -e0153 
2214 -e0149 
.3334 -.oir3 
,4451 -e0184 
-5555 -e0195 
,6743 - e 0 3 0 5  

RUNS 17118 

CNIC C q  

01 94 -e01 07 
.lo42 01 29 
2176 01 57 
,2221 -.0152 
-2170 -e0151 
,2319 -e0154 
e3446 -e0172 
-4675 -e0193 
,4640 -e0193 
e5816 -a0208 
,5812 -.0203 
,5781 -e0208 
6980 -e0216 
e7022 -a0222 
e8137 -so219 

RUNS 19120 

CNIC CY 

- 01 69 - e  01 39 
.1288 -.0169 
e1853 -e0182 
25 60 -e01 94 
,2517 -e0196 
2663 - e 0 1  98 
.3353 -.0212 
,4629 -e0228 

CMIC 

-.0122 
-e0136 
-.0159 
-e0154 
-e0179 
-e0191 
-.0202 
-.02lt 

CHI C 

-.0111 
-e0134 
-e0163 
-.0158 
-.0157 
-.0160 
-.017U -. 0200 -. 0200 
-e0216 
-.0210 
-e0216 
-e0224 
-e0230 
-e0227 

C R t C  

-e0143 
-.0174 
-e0187 
-.0199 
-.0202 
-e0204 
-.0218 
-e0234 

C O  

00833 
.00808 
e00839 
00843 

e00836 
00864 
00890 
00846 

t o  

00686 
00794 
00602 
-00726 
00754 
a00768 
0082b 
e00765 
00859 
00832 
.oorn 
-00859 
00935 
00890 
.01010 

C b  

00707 
e00831 
00779 
a00816 
,00865 
00809 
00909 
00885 

R N  
( X  10-6) 

3.91 
3.85 
3.80 
3.95 
3.92 
3.90 
3.86 
3.94 

RN 
( X  10-6) 

8.42 
8.55 
8.49 
8.44 
8.29 
8.65 
8.77 
8.48 
8.81 
8.54 
8.61 
8 . 6 3  
8.67 
8.69 
8.86 

RN 
( X  10-6) 

11.02 
11.22 
11.22 
10.71 
11.11 
11 37 
11.10 
11 50 

P O I N T  

192 
183 
181 
184 

186 
187 
188 

1 n5 

P O I N T  

191 
192 
199 
204 
190 
193 
194 
200 
195 
201 
205 
196 
206 
202 
207 

P O I  YT 

210 
211 
215 
209 
219 
216 
217 
221 



APPENDIX A * -  

ALPHA 
DE G 

-2.03 
-1 .01  

05  
.oo 
. 4 9  

1 .03  
2.03 

ALPHA 
DE G 

-2.05 
-1.02 

52  -. 0 9  
. 4 9  
. 9 9  

1 .49  
1.99 

ALPHA 
OEG 

-2 .08 
-1 0 5  

- .01 
.53 
. 9 9  

1.48 
2.02 

ILPHA 
OE G 

-2.04 
-1.04 -. 5 5  

14  
64  

1 .00  
1.48 
2.03 

HSNLFl l ) -0213  AIRFOILn LANGLEY 6-BY 28-IUCH TRANSONTC TUYNEL, T E S T  115-CONTINUFn 

PUNS 2 l r 2 2  

ALPHAIC 
DE G 

-2 .01  
-1.15 

- . 3 4  
-e30 

. l Z  

.58  
1 e44 

ALPHA 9 C 
OEG 

-2.03 
-1.17 -. 7 5  

- .39 
.10 
e 52  
.95 

1 .38  

ALPHAsC 
DEG 

-2.06 
-1 .21  
-.34 

.12 

.54 

. 9 9  
1 .48  

ALPHApC 
O E G  

-2 - 0 3  
-1 1 8  

- e 7 6  
-e40  

.28  
- 6 3  

1 .OB 
1 .58  

MACH 

e72R 
7 2 8  

e 730 
- 7 2 4  

7 2 0  
- 7 2 3  
e 7 2 0  

nACH 

. 7 4 6  
e743  
. 7 4 3  
740 

, 7 3 1  
. 7 4 6  
e744 

7 4 2  

MACH 

760 
, 7 5 9  
, 7 5 4  
e 760 
- 7 6 2  

762 
, 7 6 1  

MACH 

- 7 8 1  
7 8 0  
7 8 0  

a 7 8 1  
. 7 7 8  
e783 
, 7 8 5  
, 7 8 3  

MACHpC 

698 
699 
7 0 1  
694 

,690 
.694 
0 6 9 0  

n w , c  

716 
e714 
. I 1 4  
710 

.707 
e716 
~ 7 1 4  
m712 

MACH, C 

e731 
730 

,725 
e731 
,732 
e732 
7 3 1  

MACHIC 

e751 
750 
750 

, 7 5 1  
,748 
,754 
,755 
.753 

CN 

- .0168  
. 1 2 2 1  
,2532  
,2630  
e3286 
, 3 9 8 6  
- 5 3 0 6  

CN 

- .0188 
- 1 3 1 8  

1 9 8 8  
,2578  

3 4 1  1 
4 0 1  6 

e4650 
e5247  

CN 

- e 0 1 7 9  
e1315 
e2763  
- 3 4 8 2  
.3747 
- 4 1 1 8  
, 4 5 3 8  

CN 

-e0114  
0 1 1 7 1  

1 6 9 2  
, 2 1 0 1  
e2984 
,3004  

3214  
3680  

CNIC C M  

-e0173 -e0150 
.1255 -e0180  
,2602 -e0214 
e 2703 - , 0 2 1  2 
e3378 -e0223 
e4097 - e 0 2 3 6  

5454 -e02 44 

RUNS 23924 

CNPC CM 

-e0193 -mol59 
1354 0204  

*2043 -e0223 
e2649 -e0226 
a3505 -e0246 
e4127 -e0291  
4 779 - e 0  3 15 
5392 -e0328 

RUNS 25926  

CHIC CN 

-e0184 -e0179  
13  5 1  - e  0 2  36  

- 2 8 3 9  -.O28O 
~ 3 5 7 0  -e0352 
- 3 8 5 0  -e0363 

4 2 3 1  - 0 0 3 6 5  
e4663 - e 0 3  63 

RUNS 27929 

CN,C C M  

-e0117  -e0245 
e l 2 0 3  - .0300  
- 1 7 3 8  -e0315 
e2158 - a 0 3 4 0  
a3066 -e0371  

3086 - e  03 42 
e 3301 -e0320  

3780 -e0318 

cn,c 

-e0154 
-e0185 
- .0220  
- .0218  
-a0229  
-e0243  
- 0 0 2 5 1  

C M 9 C  

-e0163 
- .0210  
-e0229  
-e0232  
-e0253  
-e0299  
-e0324 
-a0337  

cn, c 

-e0184 
-a0242  
- .0288  
-e0362  
- .0373 
-e0375  
-e0373  

CW.C 

-e0252  
-e0308 
-e0324  
-e0349  
- e 0 3 8 1  
- e 0 3 5 1  
-e0329  
-e0327  

c o  

, 0 0 8 4 1  
e00836 

00833 
00827  

- 0 0 8 3 2  
00904  
0 0 9 5 1  

CD 

~ 6 0 8 6 7  
e00896  

00070 
0086s 
01004  

e01174  
. O l 2 8 1  
e01548  

C D  

, 0 0 8 9 8  
0 0 9 9 6  

e01309  
- 0 1 5 4 2  
- 0 2 1 3 7  *** *** 

c o  

0 1309 
. 0 1 7 1 5  
e02149  

0 2 2 1 9  *** *** *** *** 

RN 
( X  10-6)  

11.11 
11 30 
10 97 
10 .00  
10.93 
11.12 
11.09 

RN 
( X  10-6)  

11.19 
11 1 9  
11.35 
10 87 
10 42 
10 6 4  
10.70 
10.95 

RN 
( X  10-6)  

10.54 
10 66 
10 30 
10 55 

10 78 
10.93 

10.63 

RN 
( X  10-61 

10.45 
10.57 
10.74 
10.32 
10 e 39 
10 57 
10 7 1  
10.85 

P O T N T  

725 
2 2 6  
224 
230 
2 3 1  
232 
236  

P O I N T  

239 
2 4 0  
2 4 1  
23R 
7 4 3  
? 4 4  
245 
246  

POINT 

2 4 9  
2 5 0  
2 4 8  
253 
254 
t 5 5  
256 

P O I N T  

259 
2 60 
2 6 1  
? 5 R  
263 
2 64 
265 
266 

21 



APPENDIX A.- 

HSNLFf1)-0213 A t R F O I L ,  LANGLEY 6-BY 2 8 - I N C H  TRANSONIC TUNNEL# TEST 115-CONCLftI)EO 

RUNS 29130 

ALPHA 
DEG 

-2.05 
-1.01 

51 
-.Ob 

. 5 3  
e 9 6  

1.49 
2.00 

ALPHA 
DE G 

-2.04 
-1.04 -. 51 

-.os 
51 

1.13 
1.49 
2.03 

ALPHA 
DE 6 

-2.03 
-1.01 

51 -. 05 
. 5 4  

1.03 
1.54 
2.03 

ALPH4 
DE G 

- e  09 -. 05 
03 

1.97 
4.02 
4 . 5 3  
5.06 
5.54 
5.99 
6.50 
7.49 
8.02 

ALPHAsC 
OEG 

-1.99 
-1.10 

- e 6 5  
-e25 

27 
e70 

1 e16 
1.61 

ALPHApC 
D E G  

-2.03 
-1.17 
-.7i 
-.33 
el5 
68 
.99 

1 e46 

AL P H I  9 C 
OEG 

-2.02 
-1.16 
-.73 
-.35 
e16 
.58 

1 .oo 
1 e42 

ALPHAiC 
DEG 

-.25 
-.21 
-e19 
1 e63 
3.50 
3 e96 
4 . 4 5  
4 . 8 9  
5 e30 
5.79 
6.73 
7.23 

MACH 

802 
.799 
.799 
.a01 
.799 

805 
,797 
,797 

MACH 

a710 
e712 
708 
e703 
e702 
702 
701 
e703 

M A C H  

.727 
a726 
723 
729 
722 
721 
-727 
-725 

MACH 

,517 
e513 
e513 
e517 
-514 
.512 
a514 
e512 
-314 
e509 
- 5 0 0  
I 5 0 8  

MACHIC 

e772 
-769 
e769 
,771 
769 
.775 
767 
767 

M4CHs C 

,681 
e682 
679 

e 673 
672 
e673 
e 672 
673 

MACH9C 

697 
697 
694  
699 
.692 
692 
e697 
695 

flACHnC 

-491 
e 4 8 6  
e 4 8 6  
.490 
- 4 8 8  
e 4 8 6  
,487 
. 4 8 5  
.487 
,482 
.482 
,481 

CN 

-.0479 
.Ob90 
,1140 
1488 
~ 2 1 1 4  
.2028 
e2675 
~ 3 1 0 8  

CN 

011 9 
e1221 
-1939 
e2531 
,3302 
e4105 
.4585 
- 5 2 6 5  

CN 

-a0127 
e1310 
1972 

-2614 
e3422 
e 4 0 3 5  
.4754 
5402 

CN 

.2102 
212 5 

e2138 
443 6 
.6705 
.7347 
e7912 
.a444 
.a895 
-9305 
e9929 

1.0350 

CNsC C Y  

- .049Z - e 0 2 8 2  
e0709 -.O29? 
11 71 -e02 95 
1528 -a0287 
e2171 -e0302 
.2082 -.O22O 
.2747 -.0248 
3192 -e0266 

RUNS 31932 

CNIC CN 

-e0122 -e0145 
el255 -e0173 

e2 602 - e 0 1  94 
,3395 -e0206 
.4221 -e02 2 4  
-471’5 -e0224 
-5414 e0227 

.t993 -.ole9 

RUNS 33134 

CNIC CM 

-e0131 -e0152 
e1346 -e0182 
2027 -e0201 
a2687 -e0217 
,3517 -e0219 
e4147 -e0232 
- 4 8 8 6  -e0249 
, 5 5 5 2  -e0258 

RUNS 359369 37 

CNDC CM 

e2178 -e0154 
e 2203 -e01 5 5 
e2216 -e0152 
-45 97 -e01 87 
,6949 -e0215 
e7615 -.0?17 
,8200 -.0220 
e8753 -e0213 
e9219 -e0201 
-9646  -.0195 

1.0293 -e0151 
1.0730 -.0101 

C N I C  

-.0290 
-.0305 
-e0303 
-a0295 
-e0310 
-.OF26 
-e0255 
-e0273 

CMPC 

-e0149 
-e0178 
-e0194 
-e0199 
-.0212 
-e0230 
-e0230 
-0233 

CM9C 

-e0156 
-.0147 
-.0207 
-a0223 
-.0223 
-e0238 
- e 0 2 7 6  
-e0265 

CPIIC 

-e0160 
-e0161 
-.015n 
-e0194 
-.0223 

-.0226 
-.02?3 
- . 0 2 0 8  
-.0202 
-e0157 
-.0105 

-mot25 

CO 

.01912 *** *** *** *** *** *** *** 

CO 

e03817 
-00757 
00841 
00796 

e 0 0 8 8 3  
e00896 
.00917 
e00950 

CD 

.00804 
00826 
00875 
e00862 
00891 
.00904 
.00998 
01072 

CD 

. 00839  

.OO822  
e00752 
00836 

. 00874  
00941 
-01024 
, 0 ~ 0 0 0  
e01024 
.01228 
e01705 
01740 

RN 
( X  10-6) 

10.73 
10.89 
11.11 
10.56 
10 66 
10.82 
10 96 
11.15 

RN 
( X  10-6) 

11.13 
11 -27 
11.42 
10 71 
10.70 
10.98 
11.22 
11 39 

RN 
( X  10-61 

11 ~ 2 3  
11 37 
11.45 
10.97 
11.08 
11 19 
11.40 
11 53 

RN 
( X  10-6) 

8 . 4 9  
8 . 4 3  
8 . 4 6  
8 . 5 4  
8.57 
8 .60  
8.51 
8.51 
8 e 6 1  
8.51 
8 . 6 8  
8.74 

P O I N T  

269  
270 
271 
2 6 8  
273 
274 
275 
276 

P O I N T  

281 
282  
283 
280 
2 8 5  
286 
207 
288 

P O I N T  

291 
29 2 
293 
2 90 
295 
296 
297 
398 

P O I N T  

305 
300 
310 
301 
302 
301 
304 
907 
308 
311 
311 
314 



ORIGINAL PF.c’.Z IS 
OF POOR QUALITY 

I 

APPENDIX B.- 

HSNLF(1)-0213 A I R F O I L ,  LANGLEY LOW TURBULENCE P R E S S U R E  TUNNEL. T F S T  313 

M O D E L  f M l O T H  RUNS 3 , 5 ~ 6 r ~ , 1 0 1 1 2 9  1 3 9  1 5 9  17,19-22,29 

RUNS 3729 M 0 . 2 2  R 3.0 M I L L I O N  

ALPHA, D E G  L I F T  DRAG PITCHING-MnMENT 
C OFF F T C  I E NT C O E F F I C I E N T  C O E F F I C I  E Y T  

-4.04 
-4.01 
-3.14 
-3.13 
-2.03 
-2.02 
-1 .OO 
-1 .oo 

e03 
.63  
a 0 4  
05 

1 m04 
1 e 0 6  
2.07 
2 .08  
2.10 
3.09 
3 - 0 9  
4.01 
4.03 
4.11 
6.11 
6.12 
P.37 
P .37  

10 .20  
10.21 
12.1a 
12.18 
14.19 
1 4  e20 
15.2R 
15.29 
16a20 
18 .20  
1 7  1 6  
17.16 

- . Z R 8  
-.229 
-.1P7 
- e  166 
- a 0 5 3  
-a055 

SO59 
a049 
m194 
.204 
.211 
m216 
.282  
a330 
m410 
e411 
0425 
.497 
a 507  
e611 
a656  
a 5 9 1  
.e59 
.E80 

1.045 
1.070 
1.176 
1.206 
1.312 
l a 3 0 1  
1.366 
1.368 
1.409 
1.413 
1.394 
1 . 4 1 1  
1.216 
1.218 

a0079 
a0079 
e0074 
a 0 0 7 4  
a0051 
e0051 . 
e0047 
004 8 
0048 

a0040 
00049 
0 0 0 4 8  
e0049 
e.0049 
.0060 
00060 
00060  
.0080 
aooeo 
009 1 

00091 
0092 

00116 
a0116 
mol57 
mol57 ***+ **** **** 
**I* **** **** **** **** **** **** **** **** 

0074 
a0162 -. 0001 
e0036 

004 b 
.0n61 

-.no75 -. 0 0 2 8  
-a0167 
-.0119 
-mol66 
- . O O R 2  
- 0 0 0 6 7  

e0123 - . 0027 
-0021b 
-e0159 
-00114 
-00095 
- 0  02Q1 
-e0006 
- e 0 1 8 4  
-00069 
-e0057 
-.0181 
- a  0177 
- e 0 1 1 5  
-.003? 
-mol25 
-e0084 
-a0231 
-e0179 
- .0148 
- 0 0 1 2 9  

0093 
-a0093 
-e0515 
-e0416 

23 



A L P H A 9  D E G  

-4.56 
-4.02 
-3.03 
-3.01 
-2 57 
-2 . 02 
-2.01 
-1.50 
-1 49 
-1 001 
-1 000 

03 
e04 
0 0 5  
e06 

1.07 
1.07 
1.23 
1 e24 
1.56 
l e 5 7  
2.05 
2.06 
2 037 
3.07 
3 007 
4.34 
4.34 
9.09 
5.10 
6.10 
6.11 
8 . 2 9  
8.29 

10.23 
10.24 
l t . 2 0  
12.20 
12.21 
14.19 
14.19 
15.20 
15.21 
16 .22  
16.?2 
17.21 
17.22 
17.72 
1P.14 
18.16 

RIJNS 596 M = 

L I F T  
C O E F F I C I E N T  

- e  326 
- 0 2 0 9  
-e126 
-0105 
-0018 
- 0  04  1 
-0021 

0 0 4 6  
0046 
e 0 9 1  
0103 

174  
0216 
0225 
0244 
0332 
e348 
0325 
0332 
0339 
e376 
0422 
0 4 2 0  
o 4 8 O  
.5@3 
0519 
0622 
0636 
676  

e727 
0812 . 844 

1.034 
1.053 
1.160 
1.203 
1 309 
1.327 
1.347 
1.439 
1.430 
1.49P 
1.505 
1.510 
1.516 
1.507 
1.540 
i . 5 i e  
l o  165 
1.253 

0.17 R = 4.0 PILLION 

D P A G  
C O E F F I C I E N T  

00074 
00072 
e0068 
o006P 
0 0 0 6 4  
00052 
00052 
00047 . 
00047 
0 0 0 3 9  
0 0 0 3 9  
00040 
00040 
0 0 0 3 8  
0 0 0 3 0  
00046 
e 0 0 4 6  
00043 
e0043 
e0053 
0 0 0 5 3  
e0063 
0063 

e0070 
00078 
00078 
e 0090 
0090 

e0097 
e0097 
.0107 
.0107 
00136 
00136 . 0178 
00178 **** **** **** **** **** **** **** ***+ **** **** **** ****  **** **** 

P I T C H T N G - M O M E N T  
COEFFTCTFNT 

-00155 
00086 

-.015? 
- 0  0005 

.oot\o 
-so186 
- . 0088  
- 0 0 0 5 3  

moo31 
-0014A 
-eOOQ2 
-00236 
- . O l f Q  
-.0110 
-00032 
-00182 
-00051 
-00198 
- 0  0156 
-00314 
-00130  
-00247  
-a0084 
-a0086 
-06197 
-00145 
-00256 
-e0216 
- 0  0204 
-00188 
-e0326 
-.016P 
-00244 
-00217 
-a0308 
-00291  
-00361 
-00261 
-00205 
-002R3 
-.0?74 
- 0 0 2 6 1  
-.or20 
-00238 
-00206 
-00310 
- 0  0167 
-00246 
-00874 
-00767 



APPENDIX B.- 

HSNLF(l)-0213 A I R F O I L ,  L 4 N G L E Y  LOW TURBULENCE P R E S S U R E  TUNNFLI T E S T  313-COYTINUED 

RUNS 9910 H 0.14 R = 6.0 M I L L I I I N  

ALPHA9 DEG L I F T  D R A G  PITCHfNG-MDrcNT 
, CDEFFICIFNT COEFFICIENT c OEFG I C  f FNT 

-4.0R 
-4oOP 
-3.09 
-3.08 
-2 57 
-2 5 7  
-2 . 08 
-2 .oe  
-1.51 
-1.51 
-1.03 
-1 002 

-001 
0 4  

e04 
0 4  
03 

1 e04 
1.05 
2 0 0 5  
2.05 
2 0 0 6  
2.07 
3.07 
3.08 
4.05 
4.07 
5.09 
5.10 
6.15 
6.13 
8 0 1 5  
0.15 

10.17 
10.18 
12.19 
12.19 
14.19 
14.20 
16.22 
16.21  
17.21  
17 22 
18.22 

18.71 
1Q.72 
19.17 
19.19 
19.22 

i a . 7 3  

-0266 
-0274 
- 0  187 
-0154 
-0103 
-0105 
- 0 0 8 8  
- 0 0 5 4  
-0003 

.OOA 
0028 
0052 

1 7 0  
e 152 . 180 
0183 
e172 
0 2 6 0  
0285 
0 3 8 2  
0386 

367 
0389 
0514 
0508 
e595 
0633 
e71A 
0743 
0842  
e839 

1.038 
1.053 
1.215 
1.252 
1.364 
1 0 3 P 2  
1 4 8 0  
1.509 
1.585 
1.593 
1.589 
1.637 
lob52 
1 .660 
1.613 
1 ob43 
1 .181 
l e 3 1 8  
1 . 4 1 3  

0 0 0 6 8  

00064 
0 0 0 6 4  
e0061 
e0061 
00056 
00056  
e0037 
00037 
0 0 0 3 8  
00038 
e0037 
o0038 

0038 
00038 
e0038  
00045 
00045 
00059 
00059 
e0059 
00059 
.0070 
e0070 . 0077 
00077 
* 0 0 @ 3  
00083 
0 0 0 9 1  
e0091 
00113 
00113 
00146 
00146 
00190 
00190 **** **** **** **** **** **** **** **** **** **** **** **** **** 

.006e 
-00092 
- 0 0 0 2 3  
- 0 0 1 9 2  

0 1 2 4  
- . O l R O  
-e0158 
- .o in3 
-00175 
-.0171 
-00173 
- 0  0266 
-00190 
-00152 
-.026!5 
- e  0220 
-00203 
- 0 0 1 5 1  
- 0 0 2 7 1  
-.0177 
-00215 
-e0192 
-00290 
0.0221 
-00377 
-00213 
- e  0354 
0.6251 
- .025? 
-00226 
- 0 0 2 8 4  
-0023b 
-00328 
- 0 0 3 2 0  
-00279 
-00234 
-00327 
- 0  0304 
- 0 0 3 3 1  
-00207 
- 0 0 2 3 8  
-00211 
-00321 
- 0  0171 
-.020!5 
- 0 0 1 4 5  
-00297 
-00244 
- *  1069 
-00954 
-.0a78 
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APPENDIX B.- 

HTNLF(1)-0213 A IRFPfL t  LANGLEY LOW TURRULENCE P R E S S U R E  TUNNEL, T E S T  313-CnNTTNUED 

RUN 1 2  M * 0 . 2 0  R 6.0 B I L L I O N  

ALPHA, OEG L I F T  D R A G  P I T C H I N G - M O V E N T  
COEFFICIENT COEFFICIENT COFFFICIENT 

-1.60 
-1.00 

005 
005 

1.06 
1.06 
3.06 
2.06 
3.06 
3.06 
4 e 0 5  
4 . 0 5  
6.13 
6.14 
8.10 
8.10 

l O e l 8  
10.18 
12.21 
12.21 
14.30 
14.30 
15.31 
1 4  3 1  
16.22 
16.23 
16.70 
16.71 
17.21 
17.21 
17.63 
17.64 
18.19 
18.22 

- 0 9 1  
e092 

0217 
326 

e324 
a 4 2 7  
0434 
e520 . 5 4 7  
0642  
e 6 5 2  
0872  

1.070 
1.084 
1.267 
1.277 
1.418 
1 e436 
l e 5 2 7  
1.526 
1.5@6 
l e 5 9 2  
1.624 
1 e635 
1.640 
1.437 
1.622 
1.647 
1.489 
1.524 
3.339 
1.436 

.2oe 

.OBI 

00037 
a0037 
00039 
00039 . 0047 

0047 
0 0 0 6 1  
e0061 
.0071 
.0071 
a 0079 
00079 
e0098 
-0098  
.0120 
mol19 
.0150 
00150 
e0224  
0 0 2 2 4  **** **** **** **** **** **** **** **** **** **** **** **** **** **** 

-06113  
-.0043 
-00132 
- . I ) lOA 
-e0167 
-00175  
-00195 
-.01?0 
- . 025P 
- 0 0 1 9 1  
-e0201 
-00242  
- 0  0274 
- 0 0 2 3 7  
- 0  0299 
-00218  
- 0  0263 
-e0198 
-00249  
-e0199 
- 0  0205 
-e0196 
-00143 

-en1?4 
-eo122 
-00166 
-00130 
-00197  
-00183 
- *  Q1Q5 
-00434 
- 0 0 8 3 3  
-e0495 

-.012e 

I 
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APPENDIX B.- 

HSNLF (1 1-0213 ~ I R F O I L P  LANGLEY LOW TURBULENCE PRESSURE TUNNEL, TEST 313-CONTTNUED 

ALPHA, DEI; 

001 . 02 
2.03 
2.03 
4 . 0 4  
4.06 
6.10 
6.10 
8.12 
6.12 

10.14 
10.15 
12.16 
12.17 
14.17 
14 17 
15.18 
15.19 
16.17 
16.19 
,16069 
16.69 
17.16 
ltolf 
17.68 
17.68 
18.22 
1Q.24 
1Q.63 
18.67 

R U N  13 N = 0.14 

L I F T  
C O E F F I C I E N T  

0142 
0178 
0393 
362 

e538 
0566 
0823 
.e33 
0945 
0961 

1.178 
1.202 
1.285 
1.315 
1.399 
1 e398 
1.459 
1.4@5 
1.449 
1.496 
1 . 5 4 2  
lo551 
1.549 
1.521 
1 e492 
1.502 
1.446 
1.527 
1.258 
1 . 4 0 4  

R * 4 . 0  MXLLIrJN 

DRAG 
COEFF I C 1  E N 1  

e0042  
e0042 
0 0 0 5 7  
0 0 0 5 7  
e0085  
a0085 
00106 
e0106 
00132 * 
e0132 
e0171 
00171 

* * * * +  **** **** **** **** **** **** +*** **** **** **** **** **** **** **** **** **** **+* 

PITCH?NG-MflnFNT 
C O E F F I C T E N T  
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APPENDIX B.- 

HSNLF(1)-0213 A I R F O I L ,  LANGLEY LOW TURBULENCE PRESSURE TUNNEL, T E S T  313-CdNTINUED 

RUN 15 PC 0.11 R 5e0 P I L L I O N  

ALPHA, DEG L I F T  DRAG PITCHYNG-MOMEYT 
C O E F F I C I E N T  C O E F F I C I E N T  C OEFF IC T F N T  

. 01 
002 

2.06  
2.07 
4 007 
4.08 
6.13 
6.15 
'em13 
8.13 

10.16 
16 17 
12 018 
12.19 
14.18 
14.19 
15.21 
15.22 
16.20 
16.21 
17.26 
17.26 
17.70 
17.71 
18.29 
18 30 
10.70 
1P.72 
19.11 
19.14 

0 1 4 9  
alp6 
0385 
e 4 0 1  
b584 
0 6 3 4  
. e 1 1  
-841 

1.923 
1 *034 
1.1P8 
1.218 
1 375 
5 . 3 9 0  
1.466 
1 o 4 R O  
1.52 3 
1 of35 
1 . 5 4 7  
1.389 
1. 596 
1 577 
1.611 
1.603 
1.593 
1.595 
1.611 
1.631 
a986 

1.135 

e0040 
0040  
moo58 
00058 
b o 0 8 1  
00081 
.0100 
e0100 . 
00121 
eo121 
00150 
00150 
.0221 
mQ221 **** **** **** **** **** 
e*** **** 
*I** **** **** **** **** **** **** **** **+* 

0370 
- e 0 2 5 9  
-e0362 
-*0321 
- * 0 4 2 6  
-00276 
- 0  051 3 
-e0300 
- . 0 4 2 3  
- 0 0 4 4 5  
- . O S 0 9  
-00410 
- 0  0396 
- * Q 2 9 0  

0490  
-mO455 
- 0  0 4 4 s  
-00373 
- 0 0 4 1 2  
- e 0 3 4 7  
-e0535 
- . O M 5  
-005Q5 
-.0400 
- 0 0 5 4 8  -. 0400  
- 0 0 3 2 4  
-e0283 

0.1313 
- b 1 4 3 6  
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HSNLF(1)-0213 A T S F O I L ,  L A N G L E Y  LOW TURBULENCE P R E S S U R E  TUNNEL9 TEST ~13-CONTINUED 

RUN 1 7  B 0.10 R 6 . 0  MILLION 

ALPHA9 FEG L I F T  D R A G  PITCHTNG-YllMFNT 
Ct7EFFICIENl CO€FF I C  I f  NT C O E V F I C  TENT 

-1.01 
-1.00 

a 0 4  
a 0 4  

1 a 0 7  
1 a09 
2.05 
2.06 
3.07 
3 e 0 7  
4 .08 
4.09 
6 - 1 4  
6 .14  
Ua13 
8.14 

10.19 
1 0  e 22 
1 2  e 1 9  
12.19 
14.21 
14.21 
16.24 
16.25 
17.25 
17.25 
17.74 
17.74 
1 0 . 2 4  
l P . 2 7  
18.73 
i e . 7 4  
i n . 9 3  
18.93 
19.22 
19.23 

a114 
a 156 
a225 
a242 
.325 
a334 
a387 
a 426 
a552 
a560 
a661 
a672 
a882 
a 8 7 8  

1 a058 
1.100 
1.237 
l a 3 2 2  
1.439 
1.454 
1 a552 
1.548 
l a 6 0 9  
l a 6 6 3  
1 a674 
1.688 
1.675 
1 rn 6 9 1  
1.642 
la715 
1 e670 
1.714 
l a 0 5 3  
1.377 
l a 4 2 5  
1 e415 

a0037 
e0037 
a0037 
a0037 
a0044  
a0044 
a0059 
e0059 
a0069 
a0069 
a0078 
a0078 
a 0094 
a 0 0 9 4  
a0115 
a0115 
a0139 
a0139 
mol81 
,0181 **** **** **** **** **** **** **** **** **** **** **** **** **** **** **** **** 

-a0124 
.0b79 

- e  0077 
-.0@65 
-a0363 
-eo127 
- a  0 3 5 2  
-a0230 
-e0261 
-a0212 
-e0300 
-a0249 
- a  0237 
9.0202 
-a0368 
-a0252 
-a0425 
-a0199 
-a0241 
-a0244 
0.0205 
-a0176 
- a 0 3 2 0  
- e  0204 
-e0204 
-e0136 
-e0224 
-a0156 
-a0353 
- e 0 1 0 5  
- a  0206 

9.9000 
9a9000 
9r9000 
9.9000 

-00065 
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HSNLF(1)-0213 AIRFOIL9 L A N G L E Y  LOW TURBULENCE PRFSSURE TUNNEL, TEST 313-CQYTfNUED 

ALPHA, DEG 

- 4  a 06 
-4 .05  
-3 . 57 
-3 a57 
-3 OB 
-3.08 
-2 62  
-2.62 
-2.04 
-2.03 
-1 054 
-1.53 

-099 
-a9R 

05 
a 0 5  

1 a07 
l a Q 7  
1.55 
1.53 
2.12 
3.06 
4.00 
4.00 
5.10 
5 010 
6.22 
6.22 
7.12 
7.12 
ea16 
8.17 

10.28 
'10.29 
12.21 
12.21 
14.23 
14.23 
16.23 
16.23 
17.23 
17.23 
1 8 . 2 4  
18.24 
18.72 
18.73 
19.24 
l Q a 2 4  
19.67 
19.63 

RUN 1 9  r! * 0.14 

L I F T  
COEFFICIFNT 

-a261 
- a  25 6 
-a207 
- 0 1 9 2  
-a151 
-a131 
-a091 

- a 0 4 4  
- a  02 5 

mol6 
0036 
a082 
a093 
0187 
a203 
a 300 
0320 
0357 
a370 
m428 
a522 
a633 
a 6 2 4  
e750 
a753 
m868 
0 8 9 0  
0 9 7 0  
a972 

1.060 
1 a099 
1.282 
l a 3 1 1  
l a 4 4 9  
1 . 4 5 0  
1.569 
l a 5 7 7  
1 a636 
1.654 
l a 6 7 2  
1.666 
1.631 
1 m660 
1 m678 
l a 7 0 5  
1 .686  
1 a683 
1 a l S O  
1.169 

-.oaa 

R 8 9.0 P I L L I O N  

D R A G  
COEFF I C  I E N 1  

m0063 
00063 
00062 
e0062 
00060 
a 0060 
00058 
a 0 0 5 8  
,0055 
a0055 
a0049 
a0049 
a0040 
a0040 
a 0 0 4 0  
00040  
a0048 
a0048  
e0033 
00053 
moo59 
a0066 

0073 
a0073 
e0080 
a0080 
a0090 
0090 

00098 
00098 
a0107 
a0107 
a0129 
00129 
00161 
a0161 **** **** +*** **** **** **** **** **** **** **** **** **** **** **** 

PITCHING-NOHEYT 
COEFF I C 1  E N 1  

- a 0 0 4 0  
a0008 

-00059 
-aOO?7 
- a  0047 
-a0036 
-a0070 
-a0057 
-a0168 
-a0093 
-a0152 
-.0098 
-mol67 
- a 0 1 0 5  
-a0187 
-a0195 
- m  0103 
-00098 
-aQ175 
-a0127 
-aQ117 
-00197 
-a0176 
-00150 
-00203 
-0Olb3 
- * 0 1 5 0  
- 0  0100 
-a0188 
-a0169 
0 .0224  
- 0 0 1 3 4  
-00211 
-a0159 
-a0169 
-a0150 
-a0119 
-0Q087 
-a0119 
-a0093 
-00092 
-a0061 

a0077 
a0021 

-a0104 
- a 0 0 0 5  
- a  0004 

00711 
-a0991 
-06960 

I 
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HSNLF(1)-0213 A I R F O I L I  L A N G L E Y  LOW TURBULENCE PRESSURE TUNNEL9 TEST 319-CONTIYUEO 

RUN 20  H 0.25 R . 6.0 M I L L I O N  

ALPHAI D E G  L I F T  D R A G  PITCHING-MOMENT 
COEFF I C  I ENT COEFFICIENT COEFFICTENT 

004 
005 

1.04 
1 e04 
2.09 
2.10 
4.08 
4.00 
6 .11  
6.11 
8.15 
8.13 

10.17 
10.17 
12.19 
12.19 
14 025 
14.25 
15.20 
15.21 
16 .21  
16.22 
16.68 
16.68 
1 7 . 2 1  
1 7 . 2 1  
17.64 
17.65 

8181 
198 
307 

0308  
0424 
8430 
0632 
0653 
a8C9 

867 
1 0074 
1.098 
1.263 
1.272 
1.420 
1.425 
1.537 
1.518 
1.558 
1.568 
1 . 5 9 1  
1 e596 
1.428 
1.457 
1.418 
1.397 
1.315 
1.366 

00039 
00039 
a 0 0 4 8  
s o 0 4 8  
00062 
80062 
.ooeo 
.0080 
80099 
00099 
00123 
00123 
-0158 
o015R **** **** **** **** **** **** **** **** **** **** **** **** **** **** 

-.O?b8 -. OlQO 
-00236 
-mot20 
-00266 
-00214 

-00290 
-00374 
-00264 
- 0 0 3 3 1  
- 0 0 2 6 1  
-80365 
-80323 
-.0290 
-00290 
0.0266 
-.0211 
-00323 
-00255 
0.0237 
-.0210 
-0053U 
9.0456 
- 0  0650 
00 0580 
- 0  0792 
0.0635 

- . o m 9  
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HSNLF(1)-0213 A K R F C ' I L ,  LANGLFY LPW TUPBULENCE P P F S S U R E  TUNNEL, T E S T  313-CflNTINUFO 

ALPHII, DEG 

e 0 3  
03 

1.05 
1.06 
2.07 
2 0 0 7  
4 0 0 8  
4.09 
6.12 
6.13 
8.18 
e.19 

10 17 
10.17 
12.19 
12.10 
14.20 
14.21 
15.20 
1 5 0 2 1  
1 6 0 2 3  
16024 
1 6 0 6 6  
16067  
17.17 
17.17 

RUN 2 1  M = 0.29 

L I F T  
C O E F  F I C  IENT 

0200 
0205 
0314 
s 330 
0427 
e431 
0645 
0656 
0 8 @ 0  
. B P 5  

1 O O P P  
1.103 
1.269 
1.279 
1 . 4 0 4  
10412 
1 e496 
1 0 5 0 4  
1.466 
1 0 4 9 3  
1 0 4 0 6  
1 0 4 1 4  
1.350 
l o 3 5 6  
1 0 2 6 9  
1.238 

R 8 6 . 0  MILLION 

D R A G  
COEFF I C T E N T  

e0041 
0 0 0 4 1  
a0050 
e0050  
0 0 0 6 3  
00063 
00082 

00101 
O0101 
e0127 
00127 
e0167 
00167 **** **** **** **** **** **** **** **** **** **** **** **** 

. 008 2 

-mol76 
-a0183 
-00160 
-00156 
- e 0 1  90 
-00168 
-.(\261 
- 0  0230 
-00202 

-00306 
-e0240 
-00269 
- e 0 2 6 3  
-00230  
-e0198 
-00155 
-0015s 
-00196 
- 0 0 1 4 0  
-e0270 
0.0253 
-00392 
-a0368 
-00629 
0.6547 

-bo202 
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HTNLF(1)-0213 ATSFOIL ,  LANGLEY LOU TURBULENCE PRESSURE TUNNEL, TEST 313-CONTTNUFD 

ALPHA, OEG 

-4.06 
-4 a 0 5  
-3.08 
- 3 . 0 8  
-2.04 
-2.03 
-1 a 00 
-1 a 00 

a03 

1.03 
la05 
2.05 
2.06 

. 4.12 
4.13 
6.14 
6.14 
Pal6 
8.16 
10.16 
10.17 

12.20 
14.19 
14.19 
15.22 
16.16 
16.21 
16 21 
11.21 
11.21 
17.64 
11.66 
18.13 
18.15 

.04  

12.19 

RUN 22 M O m 2 0  

L I F T  
C O E F F I C I E N T  

-a266 
- e 2 3 6  
-a149 
- a  154 
-a031 
- a 0 5 6  
a099 
a116 
a177 
a 2 3 1  
a283 
a 3 3 7  
a 4 0 3  
a 4 0 7  
a626 
ab55 
a859 
a 8 6 4  

1 a074  
1.100 
la217 
1.241 
1.344 
le313 
1 a444 
1.446 
1 a500 
1.515 
1.522 
1eS37 
1 495 
1.501 
1 a292 
1 a362 
1 a 177 
1.249 

R = 3.7 M I L L I O N  

DRAG 
C O E F F I C I E N T  

a0076 
a0076 
a0071 
a0071 
a0055  
a0055 
a 0 0 4 4  
a0044 
a 0 0 4 5  
a0044 
a 004 5 
a 0 0 4 5  
a0060 
a0060 
a0088 
a0088 
a0111 
a0111 
a0138  
a0138 
a0194 
a0194 **** **** **** **** **** **** **** **** **** **** **** **** **** **** 

PITCHYNG-NOYFNT 
C O E F F I C I E N T  

-a0089 
- a  0017 
-a0137 
- a  0103 
-a0190 
- a  01 00 
-a0132 
-a0067 
- m O I R ?  
-a0164 
- a  0281 
- a  00% 
-a0217 
-a0134 
-a0228 
-a0187 
-a0198  
- a 0 1 4 1  
-a0102 
-a0114 
- a  0195 
-a0104 
- a  0239 
-e0064 
-a0189 
-a0163 
-a0146 
-a0231 
-a0186 

-a0253 
-a0208  
-a0495  
-a0387 
-a0789 
- a  0669 

-e 01 3? 
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HSNLF (1 1-0213 ATRFOILv  LANGLEY LOU TURBULENCE PRESSURE TUNNEL. TEST 313-ClWTINUED 

MODEL HAS F I X E P  T R A N S I T I O N  AT O o O S C  RUNS 26-28 

RUN 26 H 0.14 R 6 . 0  F I L L I O N  

ALPHA, DEG L I F T  DRAG PXTCH1NG-RnMEYT 
C O E F F I C I E N T  COEF F I C  I ENT C OEFFTC T E N 1  

-4.06 
-4.03 
-3 006 
-3.05 
-2.09 
-2.09 
-1 5 4  
-1 53 
-1 e o 1  
-1.00 

e 0 3  
0 0 4  

1 e03 
1 e04 
2.05 
2.06 
3.10 
3e10 
4-07 
4.07 
5.09 
5.10 
6.10 
6.11 
Ue13 
P o 1 4  

10.15 
10.16 
12.19 
12.20 
14.18 
14.19 
16.21 
16.22 
17.22 
17.22 
17.70 
17.71 
18.18 
113.19 

- 0 2 8 9  
- 0  267 
-0117 
-0133 
-e032 
-0036  
-0010 
e023 
0076 
e092 
0178 
0203 
.te4 
-303 
e406 
0433 
e524 
0536 
0611 
e602 
e126 
e153 
e822 
0 8 4 0  

1.030 
1 . 0 6 3  
le224 
1.253 
1.388 
1.400 
1.462 
1.508 
1.561 
1.595 
1 e609 
1.617 
1 602 
1.627 
le427 
1.517 

00089 
00089 
e0087 
0087 

00084  
0 0 0 8 4  
00083 
00083 
e0082 
e0082 . 008 1 
00081 
.0081 
.0081 
008 3 
e0083 . 0081 
.0087 
00092 
00092 
e0100 
.0100 
.0108 
.0108 
e0127 
00127 
a0152 
00152 
e0190 
00190 **** **** **** **** **** **** **** **** **** **** 

- 0 0 2 3 0  
-00117 
-00239 
-a0177 
-e0124 
-00110 

-00172 
-e 0216 
- .0002 
-00190 
-00231 
-e0303 
- 0  0252 
-00250 
-e0215 
-00278 
-e0294 
- 0  0400 
-e0364 
-e0281 
-00269 
- 0 0 4 3 0  
-00310 
-00431 
-e0318 
-e0460 
-00343 
0.0421 
-00371 
-e0557 
-e0390 
0.0342 
-00257 

-e0334 
-e0456 
-e 0360 
-00541 
- 0  0326 

-.032e 

-.om9 
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APPENDIX B.- 

ALPHAr DEG L I F T  D R A G  PITCHTNG-M~MEYT 
COEFFICIENT COEFFICIENT COEFFTCIENT 

-4.06 
-4.04 
-3.10 
-3 a 10 
-2.10 
-2  09 
-1 .Ob 
-1.05 

e02 
03  

1.03 
1 e 0 4  
2.04 
2.06 
3.06 
3.07 
4 e 0 7  
4 a 0 8  
6 a 1 0  
6.11 
6 a 1 1  
6 .22 
8.16 
8.17 

10.15 
10.16 
12.18 
12.18 
14 .19  
1 4 . 2 1  
16.20 
16.20 
17 .20  
1 7 . 2 1  
1 7 a 1 1  
17.72 
1 8 a 1 6  
18.20 
l e a 6 1  
18.62 

-a268  
-a259  
-m160 
- e 1 5 7  
-e050  
-a036  

a043 
a049 
e 1 8 1  

1 9 0  
a286 
e302 
e365 
a 4 2 1  
a496 
e 5 2 0  
e604 
ab34 
a815 
a840 
a812 
a829  

1.052 
1 e022 
1 . 1 9 3  
1 e209 
l a 3 5 5  
'1.355 
1 e443 
1.498 
l a 5 3 7  
1 . 5 3 5  
l a 5 4 7  
l a 5 4 6  
1 . 5 1 4  
1 . 5 1 8  
1.144 
1 a397 
1 .168  
1 .248  

a0095  
a0095  
e0093 
a 0 0 9 3  
a0090 
a0090 
a0000 . 008 0 

0087 
a0087 
a0080 
mOOP8 
a0091  
a0091 
a0094 
a0094 
.0100 
a0100 
mol18 
0 0 1 1 9  
a0119 
a0119 
00143  
00143  
mol80 
mol00 **** **** 
***I **** +**. **** **** **** **** **** **** *+** **** **** 

-a0159  
0127 

-e0169  
- e 0 1 5 5  
-a0151  
-a0165 
-a0223  
-mol03 
-a0216  
-moo79 
-mO263 
-a0181 
- a 0 3 8 0  
-a0177 
-e0334  

-e036@ 

- a 0 3 4 0  
-mO314 
- e  0 5 2 2  
0.0345 
- a 0 5 1 1  
- 0 0 3 8 2  
- e 0 3 8 3  
- a  Qt69  
-a0274 
-aQ240  
-a0424 
- 0 0 2 0 5  
- o 0 2 8 7  
- a 0 2 7 2  
-a0363  
-e0236  
- m  0 4 1 3  
-a0337 
0.0755 
- a  OS99 
-a0927  
-a0874  

-.02n7 

4 
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APPENDIX B.- 

HyhJLF (1 )-0213 A I R F O f l r  LANGLEY LOU TURSULENCE PQFSSURE TUNNEL, T F S T  313- 

RUN 28 H = 0.20 R 3 . 7  H f L & I O t i  

ONT I N  U ED 

ALPHbr  DEG L I F T  D R A G  PITCHING-MOMENT 
C O E F F I C I E N T  C O E F F I C I E N T  COEFF I C  I L N T  

-4 .10 - 0  262 00097 -.3101 
-4.10 
-2.10 
-2.10 
-1 002 
-1.01 

003 
04 

1004 
1005 
2.05 
2 . 0 7  
4.06 
4 007 
6.11 
6.11 
8.13 
8.13 

10.15 
10.16 
12.18 
12.18 
14019 
14.20 
15.22 
15.22 
16.22 
16.23 
17.21 
17.22 
17.63 
17.65 

- 0 2 5 1  
-0052 
- 0 0 2 5  
0040 
0074 
ole7 
0226 

.2R@ 
0367 

406 
a590 
. 5 P 8  
.86O 
0862 

1.020 
1.029 
1.185 
1.216 
1.325 
1.325 
1.457 
1 .465  
1.475 
1.485 
1.521 
1.534 
1.503 
1.513 
1.238 
le337 
la130 
1.159 

.27e 

00097 
00093 
00093 
moo90 
so090 
00089 
00089 
00090 
e0090 
00092 
00092 
.OlOl 
00101 
00121 
e0120 
00148 
00148 
00199 
e0199 +*** **** +*+* +*** **** **** **** **** **** ***+ 
+*++ **** +*** +*** 

~~ 

- 0  0053 
-.Ol17 
- a 0 0 4 2  
- 0 0 2 4 5  

0095 
-00152 
-00009 
-00259 
-00195 
- 0  0357 
-.0170 
- 0  0 4 7 4  
- 0 0 2 7 2  
-.O24O 
-00221 
-00362 
-00303 
-00327 
9.0263 
-00385 
-00333 
- 0  0276 
- e 0 1 4 5  
-00241 
-00191 
- 0 0 2 2 6  
-00190 
- 0  0295 
-00168 
-e0708 
- 0  0531 
-00923 
- 0  073 5 



APPENDIX B.- 

HSNLF(l)-O213 AIPFOIL, LANGLEY LOU TUROULENCE PRESSURE TUNNEL, T E S T  313-CqYTIN\JED 

MODEL HAS TRAILING-EDGE f P L I T  FLAP(O.2OC) A T  60 DEb RUNS 30 -32  

RUN 30 H O m 1 7  R 4.0  WILLION 

PITCHING-MOHENT ALPHAS DEG L I F T  D R A G  
C O E F F f C I F N f  COEFFICIENT CbEFFTC T EN1 

-097 
0.96 

e 0 0  
e 0 8  

2.10 
2 - 1 2  
4.13 
4.14 
6 e l f  
6.16 
8.19 
8.20 
9.20 
9.20 

10.21 
10.21 
11.19 
11 e20 
1 2  e 17 
1 2  e 19 
13.13 
13.15 

1.336 
1.374 
1.480 
1.489 
1.627 
1 e669 
1.846 
l e 8 8 5  
2.023 
2.049 
2.217 
2.243 
2.305 
2.311 
2.402 
2.413 
2.255 
2.342 
2 e 1 4 2  
2.132 
l e 9 6 2  
2.010 

**** **** **** **** **** **** **** **** **** **** **** **** **** **** +*** +*** *+** **** **** **** **** **** 

-02518 
- e  2546 
-e2473 
-e2417 
- e  2399 
- e  2402 
-e2466 
-e2407 
- a  25QO 
-02465 

2608 
- 0  2500 
-e2552 
-e252P 
-e2639 
-e2518 
9.2643 
- e  270Q 
- e  28 24 
-e2647 
-e2935 
-e2720 
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APPENDIX B.- 

HSNLF(1)-0213 A I R F O I L 9  LANGLEY LPb TURBULENCE PRESSURE TUNNEL# TEST ?13-CQYfTNUED 

ALPHA9 DEG 

-096 
- a  94 
011 
012 

2 a 1 1  

2.11 
4.15 
4.16 
6.17 
6.18 
(1.24 
8.26 
9.20 
9.21 

10.22 
10.22 
10.48 
10.48 
10 e 72 
10 a 72 
11.20 
11.20 
12.17 
12 a18 
13 a 1 5  
13.16 

RUN 3 1  H = 0.14 

L I F T  
C OEFF I C I E  NT 

1 a 364 
1 438 
1 . 4 0 0  
la495 
1.676 
1.690 
1 a869 
1 a R76 
2.063 
2.073 
2.220 
2.290 
2.317 
?e323 
2.405 
2.426 
2.439 
2.432 
2.443 
2.461 
2.355 
2.382 
2.169 
2.186 
2.093 
2.124 

R 6.0 P I L L I O N  

DRAG 
C OE FF I C I E N 1  

**** **** **** **** **** **** **** **** **** **** **** **** **** **** **** **** **** **** **** **** **** 
*)I** **** **** **** **** 

PITCHING-MOMFYT 
COEFFlC  I E N T  
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APPENDIX B 

HSNLF [I )-O213 AlRft’tILs LANGLEY LOU TURBULENCE PRESSURE TUNNELS T E S T  313-CnNCLUDED 

PUN 32 M 0.10 R * 6.0 R I L L I O N  

ALPHAS D E G  

-a97 
- a  9 6  . 11 

a 1 1  

2 .13 
2.13 
4.15 
4.15 
6.20 
6 .21  

7.24 
8.20 
8.21 
9.22 
9.23 

10.22 
10.22 
10.23 
10.23 
10 71 
10.72 
11 a 1 3  
11 .13  
11.23 
11.23 
11 a 6 9  
11 .70  
12.04 
12.05 
12.16 
12.20 
13.14 
13.17 

7.22 

L I F T  
C O E F  F I C  TENT 

1 .425  
1 a439 
1 a4P7 
1 a509 
1 670 
1.705 
1 .834  
1 . 8 5 0  
2.060 
2.052 
2.116 
2.159 
2.218 
2.233 
2.294 
2.339 
2.383 
2 0437 
2.402 
2 .407  
2.448 
2.506 
2.498 
2 .301  
2.518 
2.542 
2.288 
?a320  
2.252 
2.311 
2 a079 
2.295 
1.956 
2.094 

D R A G  
COEFF I C I € N T  

**** **** **** **** **** **** **** **** **** **** **** *** * **** **** **** **** **** **** **** **** **** **** **** **** **** **** **** **** **** **** +*** **** **** **** 

PTTCHTNG-MOMENT 
COEFF TC 1 ENT 

- a t 0 8 2  
-a2037 
-a2154 
-a2131 
- a  2267 
- a  2 7 4 8  
- a  231R 
-.7?53 

.-a2249 
-a2128 
- a  2385 
-.21Rtl 
- a  2269 

-a2269 
-a2168 
-a2231 
-a2301 
-a2193 
-a2172 
-a2267 
-0 2194 
-0 2 277 
-02210 -. 2121  
-a2170 
-a2415 
- a 7 4 0 7  
- a  2553 
- e  2604 
0.2472 
0.2444 
-a2684 -. 2508 

-.2on7 
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I ,<:, 

( a )  Upper su r face .  

~ - 8 ~ 1  n4 

( b )  Lower su r face ,  showing r o u t i n g  o f  t ubes .  

F i g u r e  4.- Photograph of HSNLF(1)-0213 a i r f o i l  model t e s t e d  i n  t hP  6- by 28- Inch  
T ranson ic  Tunnel .  
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Inner drum Model attachment plate 
Dia.=36.62 i n .  

Tunnel 

Tunnel sidewall 

Labyrinth seal 

at interface 

T 

Airflow 

Tunnel sidewall 

-1 a t t a c ~ ~ m n t  plate  
Dia.=34.00 in .  

Inner drum’ 

Zero incidence 
reference 

€ 

I 

f /  I \ \  

Model attachment 

sidewall 

plate  

End view, section A - A  

F igure  7.- A i r f o i l  model mounted i n  wind tunne l .  
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Flaw -angularity pr& 
(Claw typ, 

Static-pressure probes 
(Standard type) 

Total-pressure probes 

I i \ \ I  \ (Tubes flattened) 
i 

7.5 in. 

Static-pressure probes 
(Disc type) 

Airflow 
t 

0.50 in. 

t 
1.0 in. 

0.50 in. 

0.50 in. i 
0.37!.in. 1 / / 

0.375 In. 
I I 

Outside d ia  - a040 in. 
Inside d i a  - Q 024 in. 

Side view 

D i a  = 0.437 in. 

Side view 

Claw probe detail -0.094 in. Outside d i a  - (LO63 in. 
Inside d i a  a 043 in. 

/ I  
Rad. a047 in- Disc probe detail 

- 

Inside d i a  (LO43 in. 

1-1 Side view 

' Top view 

Outside d i a  = 0.125 

Total-pressure probe dotail Front view 
Side view 

Static-pressure probe detail 

Figure 9 . -  Wake survey rake. 
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.001 .*.. -.0121 

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 

' d  corr "corr'd.9 Cn 
-7 

acorr*d* 'n corr ' d  'mcwr 

0 1.83 ,432 **** -.0180 

'corr'w ' d  'mcorr 
-7 ' 

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 0 

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 

( a )  Mcorr = 0.34, 

0 13.45 1.217 n o *  -.0140 

0 .1 .2 .3 .I .5 .6 .7 .8 .9 1.0 

x/c 
6 R z 3 x 1 0 .  

I F i g u r e  13.- Measured chordwise pressure d i ' s t r i b u t i o n s  f rom t e s t  i n  6- by 28-Inch 
I T ransonic  Tunnel presented w i t h  c o r r e c t e d  values o f  angle o f  a t t a c k ,  Mach 

number, normal f o r  e c o e f f i c i e  t, and pitching-moment c o e f f i c i e n t .  Model 
smooth, R = 3 x 10 and 5 x 10 . Open symbols denote upper sur face:  
centered symbols denote 1ower.sur face.  

6 8 ~ 
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-=--L% I I I I I I I 

0 .1 .2 .3 .4 .S .6 .7 .8 .9 1.0 

0 7.48 1.092 -* -.0262 
0 9.38 1.272 M* -.0257 

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 

acorr*dq 'n corr 'd 'mcorr 
-2.4 

0 1.75 ,455 em** -.0196 
0 3.71 .666 **** -.0227 

-2.0 0 5.56 .895 **** -.0253 

0 . I  .2 .3 .4 .5 .6 .7 .8 .9 1.0 

-"I ~7 I 1 I 1 I I 

0 12.34 1.299 **** -.0189 
0 13.36 1.304 **** -.0312 

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 

('1 Mcorr = 0.34, R = 5 x lo6. 

Figure 13.- Concluded. 
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-2.8 

-2.4 
0 -2.09 -.005 .0074 -.0158 
0 -1.18 ,132 ,0066 -.0181 

,269 .0064 -.0239 
.402 .0070 -.0239 

-2.0 

-1. 

-1. 

cp -. 
- 

1. 
0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 

0 .96 ,472 ,0074 -.0247 
0 1.42 ,540 .0078 -.0248 
0 1.82 ,610 .0085 -.0249 
A 2.25 ,665 .OW7 -.0248 

0 .1 .2 .3 .4 .5 .6 .7 .a .9 1.0 

= 0.70. (a )  Mcorr 

-2.81 I I I I I I 1 

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 

x/c 

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 

x/c 

= 0.74. (b )  Mcorr 
I F i gu re  14.- Measured chordwise pressure d i s t r i b u t i o n s  from t e s t  i n  6- by 28-Inch 

Transonic Tunnel presented w i t h  cor rec ted  values o f  angle o f  a t tack ,  Mach 
number, normal f o r  e c o e f f i c i e n t ,  and pitching-moment c o e f f i c i e n t .  Model 
smooth, R = 4 x 10 . Open symbols denote upper surface; centered symbols 
denote 1 ower s u r f  ace. 
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cP 

corr 'mcorr 'corr*d'g Cn 
-2.4 

0 -2.05 .002 ,0092 -.0223 
0 -1.20 ,142 ,0100 -.0278 
0 -.78 ,197 .0126 -.0300 
A -.34 .264 ,0141 -.0326 

0 .l .2 .3 .4 .5 .6 .7 .8 .9 1.0 

-2.8 

-2.4 
0 -2.00 -.018 e*** -.0253 

,112 .0179 -.0309 
,173 ,0205 -.0345 
,223 ,0222 -.0360 

-2.0 

,316 .0'84 -.0343 
,572 ,0194 -.0352 
,427 .0219 -.0375 
,480 ,0231 -.0378 

0 , 1  .2 .3 .4 .5 .6 .7 .8 .9 ' 

= 0.75. 

-2.4 4corr*deg CncOrr 'd  'mcorr 

,287 **** -.0385 
,532 **** -.0397 
,392 **** -.0416 0 1.00 

A 1.47 ,437 **** -.0419 

3 

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1.0 

x/c 

('1 Mcorr  = 0.77. 

F i g u r e  14.- Concluded. 
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-2.4 

~~ 

'corr"J'Q Cn corr 'd 'mcorr -2.4 
0 .12 338 .W83 -.0229 
0 .58 .410 ,0090 -.0243 
0 1.44 .545 ,0095 -.0251 

-2.0 

acorr*dq 'n corr 'd 'mcorr 

I , , , , , -i 0 -2.01 -.017 .0084 -.0150 

0 0 .1 .2 .3 .4 .5 .6 .7 .a .Q 1 

-2.4 
' 

( a )  Mcorr = 0.69. 

acorr'd'g 'ncOrr 'd 'mcorr 

0 -2.06 -.018 .0090 -.Ole4 

0 .1 . .2 .3 .4 .5 .6 .7 .8 .Q 1.1 0 

corr 'd 'mcorr -2.4 
0 .12 .358 .0154 -.0362 
0 .54 .385 .0214 -.0373 
0 .99 .423 -** -.0375 

.466 -** -.0373 

0 .l .2 .3 .4 .5 .6 .7 .8 .9 1 

x/c 

('1 Mcorr = 0.73. 

F igure  15.- Measured chordwise pressure d i s t r i b u t i o n s  f rom t e s t  i n  6- by 28-Inch 
Transonic  Tunnel presented w i t h  c o r r e c t e d  values o f  angle o f  a t tack ,  Mach 
number, normal f o r c e  c o e f f i c i e n t ,  and p i t c  ing-moment c o e f f i c i e n t .  Model 

sur face;  centered symbols denote 1 ower sur face.  
has f i x e d  t r a n s i t i o n  a t  O.O5c, R = 11 x 10 2 . Open symbols denote upper 
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ORIGIN,”!. PEGE IS 
OF POOR QUALITY 

-2.8 

-2.4 
0 -2.03 -.012 .0131 -.0252 ,507 ***e -.om 

.120 .0172 -.OM8 .309 a*** -.0351 
330 ***e -.0329 
.370 **a* -.0327 

-2.0 
,216 ,0222 - . O M 9  A 1.50 

-1. 

-1. 

cp -. 

- 

1. 
0 .1 .2 .3 .4 .ti .6 .7 .0 .9 1.0 

-2.8 

-2.4 
0 -1.99 -.049 .0191 -.0290 

.071 *u* -.0305 
0 -.65 .117 ***e -.0303 
A -.25 .153 **a* -.0295 

-2.0 
0 .27 .217 a*** -.0310 

,208 a*** -.0226 
.275 ***a -.0255 
.319 **a* -.0273 

0 0 .1 .2 .3 .4 .5 .6 .7 .0 .9 1 

X/C 

-1. 

-1. 

- 

1 
0 .1 .2 .3 .4 .5 .6 .7 .0 .9 1.0 

0 

( d )  Mcorr = 0.77.  

F igu re  15.- Concluded. 
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Mwr R 

0 .695 4.3 X 10' 
0 .716 4.2 

1 .o 

.9 

.7 

.6 

.5 

.4 

.3 

.2 

.1 

0 

-.l 

-.2 
- 4 - 2 0  2 4 6 8 

R M Wr 

0 .735 3.9 x 10' 
0 .754 3.9 
0 .772 3.9 

1 .o 

.9 

.8 

.7 

.6 

.5 

.4 

.3 

.2 

.1 

0 

-. 1 
-.2 1111111111111 

- 4 - 2 0  2 4 6 8 
a,W 

0 .004 .008 .012 .016 ,020 .024 

, " " " ' " " I  

0 .004 .008 ,012 .016 .020 .024 

-.2 -.l 0 .l 

-.2 -.l 0 .1 

I ,  

Figure  16.- E f f e c t  o f  Mach number on s e c t i o n  c h a r a c t e r i s t i c s  f r o  t e s t  i n  
6- by 28- Inch Transonic Tunnel. Model smooth, R = 4 x 10 . 'g 
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M,, R 

0 .676 11.1 X 10' 
0 .695 11.0 
0 .713 10.9 

1 .o 

.Q 

.8 

.7 

.6 

.5 

.3 

.2 

.1 
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-. 1 

-.2 
- 4 - 2 0  2 4 6 8 

M, R 
0 .730 10.6 X 10' 
0 .752 10.6 
0 .770 10.9 

1 .o 

.Q 

.8 

.7 

.6 

.5 

cn.,, .4 

.3 

.2 

.l 

0 

-.l 

-.2 
- 4 - 2 0  2 4 6 8 

awrdeg 

ORIGhNA: PAZE rs 
OF POOR QUALITY 

0 .004 .008 .012 .016 .020 .024 

0 .004 .008 .012 .016 .020 .024 
'd 

-.2 -.l 0 .1 

-.2 -.1 0 .1 
Cmmrr 

F i g u r e  17.- E f f e c t  o f  Mach number on s e c t i o n  c h a r a c t e r i s t i c s  f rom t e s t  i n  
6- by 28-Inch Tran o n i c  Tunnel. Model has f i x e d  t r a n s i t i o n  a t  0 . 0 5 ~ ,  R = 11 x 10 8 . 
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0 .336 3.0 X 10' 
0 .335 5.0 

-8 -4 0 4 8 12 16 20 
acorrdeg 

-.2 -.l 0 .1 
Cm,corr 

F igu re  20.- E f f e c t  o f  Reynolds number on normal- force and pitching-moment c o e f f i -  
c i e n t s  from t e s t  i n  6- by 28-Inch Transonic Tunnel. 
m o o t  h . Mcorr = 0.34, model 
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F i g u r e  21.- E f f e c t  o f  Mach number on sect ion  charac e r i s t i c s  from t e s t  i n  LTPT. Model smooth, R = 6 x 10 8 . 
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F i g u r e  22.- E f f e c t  o f  Reynolds number on s e c t i o n  c h a r a c t e r i s t i c s  f rom t e s t  i n  LTPT. 
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F i g u r e  23.- E f f e c t  of f i x e d  t r a n s i t i o n  on sect ion  c h a r a c t e r i s t i c s  from t e s t  i n  LTPT. 
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Figure 24.- Effect of trailing-edge split flap on section lift and pitching-mome t 
coefficients from test in LTPT. Flap i s  0.20~ in length, R = 6 x 10 t! , 
model smoot h . 
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Figure 27.- V a r i a t i o n  o f  section drag c o e f f i c i e n t  w i th  Mach number. cn = 0.26. 
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