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EIATIOMAL ADVISORY CaMMITTEE FOR ~ O R A U T I C S  

FREX-FLIm TESTS AT MACH NUMBERS FROM 0.8 TO 1.4 

By William B. Pepper, Jr. 

Rocket-propelled models were flown at  transonic and supersonic 
speeds t o  determFne the  effect  on zero-lif t   drag of  3ncreasing  the 
leading-edge  bluntness of a sweptback wing. The basic wing-body 
configuration that was used f o r  comparison consisted of a wing swept 
back 450 along the quarter-chord U s e  with an aspect r a t i o  of  6.0, a 
t ape r   r a t io  of 0.6, an NACA 6 ~ 0 0 9  airfoil section  in  the  free-stream 
direction, and a fuselage of f ineness   ra t io  10.0. The blunt-wing 
configuration had a leading-edge profile  modification  consisting of  a 
portion of  the  M C A  1-009 airfoil faired  to  the  rearward 60 percent of 
the NACA 65A009 airfoil  by a f l a t   s ec t ion .  

Results from the tests showed that an increase in the wing leading- 
edge bluntness  increased  the  wing-plus-interference drag coeff ic ient  
approximately 0.002 at s~&aonic and supersonic  speede through a k n g e  
of Mach numbers from 1.05 t o  1.2. For Mach numbers between 1.2 and 
1.37, the increment in drag coefficient was greater than at  subsonic 
speeb  and was equal t o  0.006 at  a Mach nuniber of 1.37. A decrease of 
0.02 in the  force-break Mach nunber of the blunt w i n g  8 8  compared to  
the basic wing was indicated. 

. 
The use  of  thin sweptback Xing8 fo r  high-speed a i r c r a f t  has resul ted 

i n  low maximum l i f t  coeff ic ients  and unstable breaks  in the pitching- 
moment curve a t  low speeds.  Loftin  and Von Doenhoff have made an  analysis 
of the relationship of the a i r fo f l   p re s su re   d i s t r ibu t ion   t o   t he  low-speed 
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maximum l i f t  coefficient ( ref .  1) and  arrived a t  a series of th in  
symmetrical a i r f o i l s  designed t o  give  high maximum lTft a t  low speeds. 
Tests of a half-span  p-eptback wing in the Langley  low-turbulence 
pressure  tunnel (ref. 2) by using one of the  6-percent-thick  airfoils 
designed for  high mSi%-m l j f t  showe-d that  8&atantial   iqrovements in 
the  characterist ics of the- wing were obtained a t  low speeds without. 
compromising the high-speed,characteristics-up t o  a Mach number  of 0.93. 
A s  a result- of the  characterist ic.   lading-edge  bluntness of  the new 
high-l i f t   ser ies  of a i r f o i l s ,  however, an undue drag  penalty may be 
encountered above Mach numbers -of 0.95. . .  

The tests discussed In t h f s  paper are  intended t o  i n v e s t i s t e   t h e  .. 

ef fec t  of  leading-edge. bl-mtnesq t . h @ t  would be  encountered  wtth the . 

use of the  high-l i f t   ser ies  of a%foi l s  on the  zero--lift  drag of a 
45' sweptback wing thrp&out  the  tr.ansonic  region  and into the super- 
sonic  region. 

The t e s t s  were conducted a t  the Langley P i lo t less  Aircraft Research 
S t a t i o n   a t  Wallops Island, V a . ,  with  the  use of racket-propelled models. 
Drag daa-%ere obtained  through a range of Mach numbers from 0.8 t o  1.40 
corresponding t o  Reynolds numbers  of 3.7 X lo6 t o  7.9 X 10 based on the 
mean aerodynamic  chord of the wing. 
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SYMBOLS 

t o t a l  drag coefficient (based- on +) 

wing-plus-interference M g  cmff i c i en t  (based on m) 
Mach  number 

. .  

Reynolds number (based on wing mean .aerodynamic  chard of 0.822 f t >  

t o t a l  wing plan-form area ( inc lud ingpr t   i n   fu se l age ) ,  3.878 sq f t  

wing chord, in. 

wing stat ion,  in. 

wing ordinate, in. 
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Details and  dimensions of  the wing-body-fin configuration used fo r  
the  tests are given in figure 1 and coordinates  fur  the fuselage are 
given i n  reference 3 .  The basic  configuration, which was t he  same as 
that used in  reference 3 ,  consisted  of  a fuselage of fineness r a t i o  10 
with a 45O sweptback wing of  aspect  ratio 6.0, t ape r   r a t io  0.6, and 
NACA 6 5 ~ 0 0 9  a i r fo i l   s ec t ions   i n   t he  free-stream direction. 

The modified . w i n g  model had the same geometric  characteristics as 
the  basic  configuration shown In figure 1 except that the  leading edge 
of t h e   a i r f o i l  was made mre blunt  by  the  use of the  foruard 12.049 per- 
cent of an NACA 1-009 a i r f o i l  wi€h a constint   thickness  fairing back t o  
the  40-percent.  chord.  (See  fig. 1. ) me blunt leading-edge a i r f o i l  was  
the same as the  NACA 65A009 a i r f o i l  rearward  of  the  @-percent  chord. A 
geometrical comparison of  .the  blunt  leading-edge  airfoil,   the NACA 1-009 
a i r f o i l ,  and the  high maximum lift NACA 2-006 a i r f o i l  used on the wing 
of reference 2 is  shown in   f igure  2. The forward part of   the two air- 
f o i l s  i s  similar, whereas -the rearward pa r t  of the  aLrfoi l   used  in   the 
present tests has  considerably more thickness. Photographs of the blunt 
a i r f o i l  model a r e  shown in figure 3 .  Coordinates  of  the two a i r f o i l s  
used are given in   t ab l e s  I and IT. 

TESTS AND PlIEASUREMENTS 

The rocket-propelled  zero-lift models w e r e  tes ted a t  the Langley 
Pi lo t less  Aircraft Research  Station at Wallops I s l e d ,  Va. 

Each model was  prope1le.d by a two-stage  rocket system and launched 
from a r a i l  launcher  (fig. k ) . .  The  first stage or. booster  consisted of  
a  5.0-inch  rocket motor that  served  to  accelerate  .the model  from zero 
ve loc i ty   t o  high subsonic  speeds. A f t e r  the drag  .separation  of  the 
booster, a 3.25-inch Mk 7 rocket  &tor which was h i s t a l l ed   i n  t h e  m d e l  
accelerated it t o  supersonic  speeds. A CW Doppler. radar set and an NaCA 
modified SCR 584 radar set w a s  used t o  determine the f l i g h t  path and 
deceleration  during  the  coasting  f l ight.  A survey of atmospheric  condi- 
t ions at the  time  of  each  launching was made through  radiosonde m e a s u r e -  
ments from an ascending  balloon. A more detailed  -description of the test 
technique and instruments may be found in  reference 4. 

c 

Tbe values  of  drag  coefficient were calculated as in  reference 3.  
The order of  accuracy  of  the  total   drag  coefficient  as determined by 

near  1.0 where the  increased rate o f  change in   s lope  of  the drag  curve 
may cause larger  inaccuracies,   the  total   drag  coefficient is estimated 

* tests of three ident ica l  models (ref.  3) is 9.0Oa4. A t  Mach nunibers 
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to  be'  accurate  within fo .0017. The  Machj-number wa8 determined f r o m  the  
velocity of  each model and the speed of  sound at the   a l t i tude  from 
corresponding  radiosonde  records. The accuracy  of  the Mach  number 
determination is estimated t o  be within iO.005. 

RESULTS AND DISCUSSION - .. 

Flight tests of tkie models covered a Reynolds number range from 

3.7 X lo6 at M = 0.8 t o  7.9 X lo6 at M = 1.40. (See  f ig .  5. )  

The variations of total   drag  coefficient  with Mach m b e r  for   the 
test configurations are pres.ented. i n  figure 6(  a ) .  The curve for   the 
model with  the NACA 6 5 ~ 0 0 9  a i r f o i l  wlngs i s  the  average  for  three 
ident ical  models of reference 3. The estimated curve for  the  fuselage 
and two fins w a s  obtained i n  reference 5 by  subtracting  the  estimated 
drag o f  two fins  from-the  value  obtained from t e s t s  of  two fuselage 
models having  four  fins. By subtracting  the  drag  coefficients  for  the 
fuselage and two f ins  from the  total   drag  coeff ic ients   in  figure 6( a > ,  
the  wing-plus-interference  drag  coefficient of the two wings was obtained. - 

" . .  

- 

The wing-plus-interference drag coeff ic ients   for  the wing with an 
U C A  65A009 a i r f o i l  and for   the wing having  the same a l r f o i l  modified 
with a blunt  leading edge are shown in   f igure 6( b) . The accuracy of the 
absolute  level o f  wing-plus-interference drag coefficients i s  dependent 
upon the  estimation of. drag   fo r   t he  body with two f i n s  and is believed 
to  be within f0.001. A comparison of  the  drag  coefficients of the two 
wings up t o  a Mach nmiber. o f  0.955 showed that  the  blunt  leading-edge 
modification caused an increase  of 0.002. Wind-tunnel t e s t s  (ref.  2)  of 
two swept wings, one with NACA 6 3 ~ 0 0 6  a i r fo i l   sec t ions  and the  other  with 
NACA 2-006 a i r fo i l   sec t ions ,   a l so  showed the same increase  in  drag  coef- 
f i c i e n t   a t  a Mach  number of 0.9. A decrease of  0.02 in  the  force-break 
Mach number of the blunt wing a~ compared to  thz  basic wing was indicated 
by the  curves  in  figure 6. The drag  increment due to  blunting  the  leading 
edge was the same (0.002) between Mach numbers of  1.05 and 1.2 as a t  
subsonic  speeds;  therefore, no increaee  in wing pressure  drag was indicated. 
A t  a Mach number above 1.2, however, the  drag increment  caused  by blunting 
the  leading edge increased and was equal t o  0,006. at a Mach  number of 1.37. 
This larger  drag  increment  can  probably  be  attributed  in  large measure to 
an increase  in wing pressure  drag. 
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It, therefore,  appears  that no large  adverse  drag  effects  result -. 
- 

from blunting  the Leading  edge of the  configuration  tested between Mach 
numbers of 0.8 and 1.2. The percentage  increase i n  drag  coefficient 
caused by blunting the. leading edge fo r  Mach numbers greater  than 1.2 

a 

\ 
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may be much reduced for  sections  of lower thickness  ratio.  Also, t he  
drag of the high l i f t  series sections may be less than  the  blunt  leading- 
edge section tested herein  because of differences in shape  and  thickness 
t o  the rear of  t he  12.044-percent-chord s ta t ion.  

- 

The effect  of  leading-edge  bluntness on zero- l i f t  drag of a wing 
has been m e a s u r e d  by  rocket-propelled  free-flight mdels. The basic 
configuration  consdsted of a 45O sueptback wing of aspect   ra t io  6 having 
NACA 65AO09 a i r fo l l   sec t ions   in   the   f ree-s t ream  d i rec t ion  mounted on a 
fuselage of fineness r a t i o  10. The blunt-wing  conpiguration had a 
leading-edge profile  modification  consisting of a portion of the  NACA 
1-009 a i r f o i l   f a i r e d   b y  8 flat sect ion t o  the  rearward 60 percent of 
the NACA 65AOOg a i r f o i l .  "he following  conclusions were made: 

1. An increase €n the wing  leading-edge  bluntness  increased the 
wing-plus-interference  drag  coefficient  approximately 0.002 at  subsonic 
and supersonic  speeds  through a Mach number range from 1.05 t o  1.2. 

2. For Mach numbers between 1.2 and 1.37 the  increment in  drag 
- 

coeff ic ient  caused by  blunting  the w i n g  leading edge was greater than . at  subsonic  speeds and was equal  to 0.006 at a Mach  number of 1.37. 

3 .  A decrease of 0.02 i n  the  force-break Mach  number of the blunt 
wing as compared t o  the  basic wing w a s  indicated. 

Langley Aeronautical  Laboratory 
National  Advisory Committee f o r  Aeronautics 

&gley  Field, Va. 
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COORDINATES OF TEE MACA 65AOOg AIRFOIL 

X/. Y/C 
( percent 1 (percent ) 

0 0 
.5 

4.036 25.0 
3.714 20.0 
3 -292 15.0 
2.736 10 .o 
2 9 385 7.5 
1.964 5.0 
1.460 2.5 
1.065 1.25 

835 .75 
.688 

35 -0 4.421 
30.0 4.268 

40.0 4 = 495 
45.0 

4.377 50.0 
4.485 

55-0 4.169 
60.0 

3.509 65.0 
3.874 

75.0 2.620 
80.0 2.117 
85.0 

100 .o 
544 95.0 

1.069 90.0 
1 394 

.01g 

Leading-edge radius, 0.575 percent c 
Trailing-edge radius, 0.021 percent c 

70.0 3 -089 
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TABLE I1 

COOKDINATES OF BLUNT  LEADING-EDGE AIRFOIL 

Y/C 
(percent ) 

0 
1.383 
2.617 
3 587 
4.214 
4.500 
4.500 
4.485 
4.377 
4.169 
3 874 
3.309 
3 .m9 
2.620 
2.117 
1 594 
1.069 

.544 

.01g 
I 

Leading-edge radfus, 2.U percent c 

h 
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-0 rim, '1 tt ................... 0.468 

Figure 1.- General arranganent and dimensions of t e s t  models. A l l  
dimensions are In inches. 
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Figure 2.- Comparison of airfoil sections used on blunt leading-edge 
wing Kith the high-lift-series airfoil used i r reference 2. 
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(b) Front three-quarter view. 

Figure 3. - Concluded. 

, 
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Figure 4. - Model and booster on rail launcher. 
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Figure 5.- Variation of Reynolds nmber range with Mach number for 
models tested, Reynolds number based on mean aerodynamic w i n g  
chord. 
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(a) ~ o - 1  drag coefficient.  

(b) Wing-plus-interf erence drag coeff_icient. 

Figure 6.- Variation6 of total drag and wing-plus-interference drag 
coeff ic ients  with Mach  number for  the basic- and blunt-wing leadine;- 
edge models. (Baaed on wing plan-form area. ) 
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