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WING AT ~H NUMBERS FROM 0.60 TO 1.15 

SUMMARY 

An investigation  at  transonic speeds has  been  made in the  Langley 
high-speed 7- by  10-foot tunnel to  detellmine  the maxiznwn lift  charac- 
teristics of a scale wing model of the X-1 ailplane  (8-percent- 

thick w i n g ) .  L i f t ,  drag, and pitching-moment  data  were a l s o  obtained 
and  presented through a lift  range from below  zero  lift  to  beyond 
maximum lift. The  investigation  covered a speed  range from a Mach 
nuniber  of 0.60 to 1.15 with  the Reynolds number varying from 0.415 
to 0.533 X 106. m e   a t a  presented  are for wing done as no fiselage 
or tail was used  for  the  investigation. 

40- 

The maxFmum normal-force  coeff  icienta  were in good agreement  with 
normal-force  coefficiente  measured .in flight. Maximum lift  coeffi- 
cient C- was greatly  influenced by Mach nuniber, increasing 
from 0.81 at a Mach rider of 0.60 to 1.38 at a Mach number of 1.00, 
then  decreasing  with  further  increases in Mach nulILber. Maximmu lift 
m a  obtained  at  progressively  higher  angles of attack 88  the  Mach 
number was .increased from 0.60 to 1.05. 

A knowledge  of  the  effects of Mach rider on wing aemQmmic 
characteristics  near maximum lift  ia  becoming  of  great  importance a8 
the  speeds and altitudes flown by modern  aircraft  continue to increase. 
High-speed,  high-altitude  aircraft fly at  rather high lift  coefficients 
and may  reach or exceed  the  angle  of  attack  for maximum lift  of the 
aircraft in maneuvers. A limited  amount of wind-tunnel  data - showing 
the  characteristics  up to maxhmm lift of a swept  wFng - is currently 
available  for  Mach  nunibera  up  to 1. x) (reference I). In order to 
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increase this limited  amount  of  available  data  the  present  investigation 
was made  to  determine  the  effects of Mach  number on the meximum lift 
characterixtics of a ecde wing of the X-1 airplane,  an  unswept 40- 
wing, through the  transonic  speed  range.  Lift, drag, and  pitching- 
moment  data  were a l e o  obtained  and  presented  through a lift  raage 
from  below  zero  lift to beyond maxFmum lift.  The  investigation was 
made  in  the  field  of  flow  over  the  Langley  high-speed 7- by  10-foot 
tunnel  transonic bump at Mach  numbers  from 0.60 to 1.15 with t h e  
Reynolds  number varying from  approximately 0.415 to 0.533 X 106. 

COEFFICIENTS AKD SYMBOLS 

CD d r a g  coefficient (D/qS) 

Cm pitching-moment  coefficient  (m/qSE) 

L twice memured lift of semispan  model,  pounds 

D twice  measured drag of  semispan  model,  pounds 

m twice  pitching  moment &out 0.255 of  semispan  model, 
foot-poUds 

R Reynolds  number 

M Mach  number (V/a)  

M2 loca l  Mach number 

a angle of attack,  degrees 

9 Q-KI~IDLC pressure, pounds per square foot 

P mass denaity of air, slugs per  cubic foot 

v stream velocity,  feet  per  second 

a velocity of sound,  feet  per  second 

S twice  area of semispan wing, square  feet 

0 
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wing m e a n  aerodynamic chord, feet @r c 2 4  

twice span of reflection-plane xfng, feet 

loca l  w i n g  chord, feet 

apanwise distance from plane of qmnetry, feet 

mFl.uimum liFt coefficient 

maximLLm normal-force coefficlent (CN = CL cos a + CD sin a) 

minirmun d r a g  coefficient 

A" 40 scale model of t h e   l e f t  w i n g  of the X - l  research  airplane 

was u e d   f o r  this investigation. The wing had W A  65-108-a i~oi l  
sections w5th the 40-percent-chord line normal to the  plane of symmetry. 
Other  geometric characterist ics are shown i n  figure 1. 

The investigatfon was made i n  the high-velocity  field of flow aver 
the Langley high-speed 7- by 10-foot tunnel  transonic bump (fig . 2(a) ) 
through a Mach m e r  range from 0.60 t o  1.15. Details of the end 
plate  and gaps where the wing butt passed through the surface  of  the 
bump are sham in figure 2(b). The velocitg  distribution over the 
bump i n  the vicinity of  the model is  shown in figure 3. The teat Mach 
number was the  average Mach  number over the span and chord of the model 
a s  determined from charts similar to figure 3. An electrical  atrain-gage 
balance mounted inside the bump w f t h  leads t o  the recording  unit  outside 
the  tunnel test section was used f o r  measuring the forces and maments 
on the model. No attempt  has  been made to take into account e i ther   the 
e f fec t  of Mach nmiber gradient  over the model or  the ef fec t  of the end 
p la te  and gaps a t   t h e  root  of the model. The variatlon of Reynolds 
number with Mach n&er f o r  the  investigation is shown i n  figure 4. 
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RESULTS AND DISCUSSION 

L i f t  characterist ics.  - The l i f t  characterist ics df the w i n g  model 
are  presented i n  figures 5, 6, and 7. The lift-curve  slope C b  taken 
through zero lift, increased with increase  in Mach nuniber, reaching a 
peak value of 0.100 a t  a Mach number of 0.80 (fig. 6). The experi- 
mental C r ,  curve for   subcri t ical  Mach numbers is i n  good agreement , 
with the theoretical  curve estimated by the method of  reference 2. 
Maximum lift coefficient C b  increased from 0.81 at a Mach  number 
of 0.60 t o  1.38 a t  a Mach  number of 1.00, then  decreased with further 
increase in Mach number. The large  gain In Ch a t  high  subsonic 
Mach  nunibera has been  observed also f o r  a moderately swept  wing (refer- 
ence 1). The data of figures 5 and 6 show tha t  the gain i n  C h  

in  the high-subsonic Mach nuniber range resulted from the higher angle 
of  attack a t  which maxirmrm lift coefficient occurred  since C h  
reached a maximum at a a c h  number of 0.80. Ur, t o  a Mach  number of 
approximately 0.90 the lift coefficient decreased  only slightly after 
the angle  of attack fo r  maximum lift had been  reached, although the 
angle of attack was increased  to as much as 4-80 i n  one case  (fig. 5). 

A comparison of wind-tunnel and flight maxFrmnn normal-force 
coefficients is presented i n  figure 7. The flight data presented  are 
from unpubliehed data obtained a t  the NACA High-speed Flight Research 
Station at Edwards Air Force Base, California a t  ReynollLs numbers 
between 2.5 and 12 x lo6. The circled  point i s  from unpublished  data 

f o r  a -- scale model of the X - l  airplane  with  the wing having NACA 65-110 
(a = 1 .O) sections, with the t a i l  removed, and at  a Reynolds number of 
2.69 X lo6. The flight normal-force coefficients are considered t o  be 
i n  very good agreement with the wind-tunnel  values - considering the 
limits of  accuracy for  both flight and wind-tunnel m e a s u r e ~ n t s  - even 
though the wind-tunnel results did not show the  dip  in  the CH- 
curve shown by the flight data at  a Mach number of 0.80. The flight 
normal-force  value8 above a Mach  nuPiber o f  approximately 1.04 are the 
peak values measured but  not  necessarily the maximum values. The wind- 
tunnel results give higher maximum normal-force coefficients and 
indicate  that  the agreement between flight and wind-tunnel data i n  
this lvkrch  number range might have  been better if, the flight investiga- 
t i on  had obtalned rnaxhnm normal-force coefficients. The C+ 
value a t  a Mach number of 0.35 88 w e l l  as the C h  curve  of the 
present  investigation (fig. 7) indicates that clJmaX for t h i s  w i n g  
does not  decrease as the Mach  number is increased from zero t o  
approximately 0.60 i n  contradiat inct ion  to  most results for   thicker  
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wings. However, this 8mLl change in CN- w i t h  increase in Mach 
number below a Mach rider of 0.50 o r  0.60 is probably t o  be  expected 
f o r  a t h in  wing (reference 3) . 

Drag characterist ics.  - The drag  characteriatlca of the wing model 
are  presented i n  figures 8 and 9. Tfie min-lrmrm drag coefficient a t  a 
Mach  nlzniber of 0.60 was 0 . O M  ( f ig .  g), and the rise of the minimum 
drag coefficient  occurred at a Mach number of approximately 0.80 
w i t h  C u n  reachlng a peak value 'of 0.062 at  a mch number of 1.05. 
Above M = 1.05, C Q ~  decreased slightly w i t h  further  increase in 
Mach number. The raaximm lift-drag r a t io  decreased from a d u e  of  
approximately 23 a t  a Mach number of  0.60 to a value of  5 at a Mach 
number of 1.00 and remained practically  constant wfth further  increase 
i n  Mach number. Maximum L/D occurred a t  a lift coefficient  of 0.40, 
a t  Mach nmibers below approximately 0.85. Above a Mach nmiber of 0.85, 
CL f o r  maximum L/D increased w i t h  increases in Mach  nuniber and 
reached  a peak value of 0.55 a t  approximately M = 1.03. 

Pitching-moment characterist ics.-  The pitching-moment character- 
i s t i c s  of the wing model me  presented  in  figures 10 and.=. In 
general, the pitching-momenticoefficient  curves became more stable 
(&&CL became  more negative) as the Mach n u d e r  was increased 
( f ig .  IO). The pitching-moment-coefficient  curves broke in  a stable 
direction (diving tendency) as C h  was approached a t  Mach numbers 
below 0 .go, above a Mach  number of 0.90 the pitching-moment coeffi- 
cients changed very l i t t l e   a t  Cb,. Variation of the pitching-moment 
coefficient w i t h  Mach  number f o r  lift coefficients of zero and 0.40 are 
presented in figwe ll. For a lift coefficient of zero  the  pitching- 
moment-coef f i c i en t  curye has a sharp  break o r   o f f se t  between  a Mach 
number of 0.85 and 0.90. This effect  decreases  considerably a t  a l i f t  
coefficient of 0.40 - the lift coefficient f o r  niaxhmm L/D of the 
WFng at  Mach nmfbera  below 0.90. The aerodynamic center of the wing 
moves from approximately 0.20E at M = 0.60 t o  approxfmately 0.43E 
at  a  Wch number of 1.15 for  a lift coefficient of 0.40. A t  a lift 
coefficient of zero this rearward shift of the aerodynamic center is 
gradual ug t o  a Mach rider of 0.90 but moves rearward very fast 
between a Mach nurdber of 0.9 and 1.00; however, a t  a lift coefficient 
of 0.40 this f a s t  rearward movement of the aerodynamic center  begins 
a t  a Mach nmiber of approximately 0.80. 

CONCLUSIONS 

D 

An investigation w a s  made at  Mach nunibers frm 0.60 t o  1.15 of 
a 40-sca l e  model of the X-1 a m l a n e   w h g  t o  determine the  effect  of - I 
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Mach  number on the wing maximum l i f t  characteristics. The following 
conclusions were indicated: 

1. Max- normal-force coefficients were i n  good agreement with 
flight results. 

2. Maximum lift coefficient6 were greatly  affected by Mach 
number, increasing from 0.81 at a Mach  number of 0.60 t o  1.38 a t  a 
Mach  number of 1.00; however,  above a Mach  nuniber of 1.00 the maximum 
l i f t  coefficient  decreased  with M e r  increase  in Mach nmiber. 

3. Maximum l i f t  w a s  obtained at progressively  higher angles of 
attack as the Mach  number  was increased from 0.60 t o  1.05. 

Langley Aeronautical  Laboratory 
National Advisory Committee for  Aeronautics 

Laagley A i r  Force Base, Va. 
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Figure 2a.- Schematic sketch of relative poeition of motlel, balance, 
ana transonic bump as mounted in the Langley high-speed 7- by 
10-foot tunnel. 

.... .. 



. .. . I, 

.. . I 
c 1 

I LA 
Figure 2b.- Details of  ena plate ana gaps w h e r e  King butt passes through 

bmp M a c e .  (Dimensions in Inches.) 
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Figure 4. - Variation o f  Reynolds number w i t h  Kwh number for the 
hvestigation. 
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-. 2 0 .2 .4 -6 .8 1.0 1.2 f.4 
Liff coefficient, CL 

Figure 5.- Variation of iift coeff ic ient  with angle of   a t tack  a t  various 
Mach numbers f o r  a G- 1 scale X - 1  airplane w i n g .  
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Figure 6.- Variation of some aerodynamic charac te r i s t ics  with  Mach nuniber 

f o r  a scale  X-1 a m l a n e  dng. 40- 



14 NACA EM L5OC28 

. 

-scu/e X -  / model, hi/ off 

# -sca/e X- / wing 
- X - 1 Airphne(unpub/ished) 

.2 

0 -  
0 .2 4 .6 .8 LO /.2 

Mach number, M 

Figure 7.- Variation  of  flight and wind-tunnel maximum normal-force 
coefficients with  Mach number. 
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Figure 8.- Variation of drag coefficient with lirj; coefficient at various 

Mach numbers f o r  a scale X-1 airplana wing. 40- 
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Figure 10.- Variation of pitching-moment  coefficient with lift  coefficient 

at various Mach nurfibers for a 40- scale X - 1  airplane wing. 1 
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Figure 11.- Variation of pitching-moment charscteristics with Mach nuniber 
f o r  a -- 1 scale X-1 airplane w i n g .  40 
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