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RESEARCH MEMORANDUM 
COMPARBON OF SEMISPAN DATA OBTAINED IN 

, TEE LANGLEY TWO-DIMENSIONAL LOW-TURBULENCE PRESSURE 



By Jones F. Cahill 

An investigation was made in the w g  two-dimansiond low- 
turbulence pressure tunnel of a semispan model of a 4-0' Bweptback 
wing of aspect  ratio 4 and taper ratio 0.625, which had previously 
been  tested in a fuU-span*asrangement i n  the Langley 19-foot pressure 
tunnel, to obtain an indication of the validity of the 8emispan lnethod 
af obdning aero-c data in t h i s  particular  arrangement. The 
result8  showed good agreement between the full-span and the semispan 
data at all Reyno lds  Ilunibers for ,the plain wing, for the wing with 
semispan  split flaps, for the wing with extensible  leading-edge flaps, 
and at a high Reynolds number (6.8 x 106) for the wing with  both 
leading-edge and split f l a p s  deflected. At a low Reynolds n&er 
(3.0 x 106) with  both  flaps  deflected, the lift and drag  were a l s o  
i n  good agreement, but the  pitching-moment:  variation  near maximum 
lift  was unstable for the semispan teats  whereae thie variation m a  
stable for the full-span tests. 

This investigation  indicates  that  data obtained f r o m  semispan 
wing tests may be  expected to be in good agreement with data obtafned 
f r o m  full-span teste of the  wing alone except for  mueually eemitive 
configuratfons,  where tihe lift  distribution  is  such  that -11 
disturbances produced by the tunnel-wall  boundary  lafer may cause a 
radical  change in t h e  location of t h e  original s t d l  or  in the manner 
in which the staU progresses. 

lkta obtained for -the wing uith both  leading-edge  and  split  flaps 
deflected show that the  effect  of leadlng-edge roughness is to cause the 
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variation of pitching  moments at the s t a l l  to change from stable to 
unstable.  With roughness added, the  full-span and eemispan test  results 
were  in good agreement i n  d l  casea. Thue it appars that  adding 
roughness minlmizee the influence of the  tunnel-wall boundary layer. 

INTRODUCTION 

The use of sweep to- delay the effects of compreeeibility on the 
aerodynamic  characteristics of aircraft wings has given r i s e  to a need 
for data on win- of t h i s  ty-pe t o  aid  deeieplers  in  their  evaluation of 
wing characteristics.  Existing data have a h a  that the characteristics 
of swept  wings msy be  subJect  to large and important scale effects 
(reference8 1 and 2) For t h i s  reason, it is  desirable for tests to 
be run at Reynolds numbers as near as possible t o  those at  which the 
win@ me expected to be ueed. 

In order to provide an additional facility for obtaining low-speed 
data on  aircraft  win- at Reynolds nunibere approaching those encountered 
in flight,- a semispan balance has recently  been  installed i n  the I;angley 
two-dimensional low-turbulence pressure tunnel. This balance makes 
possible the testing  of wing models at- Reynolds nunibera up to approxi- 
ma" 12 x IO6. The semispan arrangement w. used i n  this installation 
becawe it permits  tests  of larger modela (and therefore a t  higher 
Reynolds numbers) than a full-span arrangement. ' The semispan arrangement 
a lso  leads to simpler model construction and eUmination of external 
support intert'erence. 

Jet-boundary corrections have been  derived for correcting data 
obtained from semispan tests  to free-air conditio-,  but  the  question 
always' exists  a8  to whether the measured 'wing chazacterietios are 
affected by the presence  of the tunnel-wall boundary layer. For this 
reaeon, tests .ware made of a model of a 40° sweptback wing which v88 
geometrically similar to a model".which had previously been tested i n  
the Langley 19-foot P ~ ~ S S L I ~  tunnel in a fhll-wgan arrangement. Teste 
were made of the plain King, of the. wing with a half-ewn split flap, and 
of the wing wi#..a 0.725-span leading-edge flap. Effe-cts of leading-edge 
mu&ness were- determined for each of these configUrations. 

SYMBOLS 

The data are presented in.the form of standard NACA coefficient8 
which are applicable to a full-span  configuration. 

CL 

CD drag coefficient (-8 
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The ballice f r o m  which tple semispas model was supported is installed 
entirely  outside the t e s t  section wdl, and the wing is  cantilevered 
through the tunnel wall and requires no support8 in the air stream. The 
opening  in the tunnel wall through which  the mdel paerses is  closed by 
a labyrinth seal to minimize leakage at the model mot without  introducing 
undesirable  friction  forces. The portion of this seal which  is exposed 
to the air stream is so that the aer0dynaml.c forces measured are, 
to a high degree of  accuracy, onlg those on the model itself. A photo- 
graph of the m o d e l  installed in t h e  tunnel is shown in figure 2. 

AE discussed in reference 3, the langley two-dimensional low- 
turbulence pressure turnel is equipped with a blower which is  used to 
control t he  boundary hrer on the tunnel wall. Measmements of the 
wan born- leyer at the model location  have  shown that the boundary- 
layer total thickness a t  t h i s  point  ia approximately I Inch f o r  the 
operating  conditione used in t h i s  investigation. 
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The model used in   these  tests is  geometrically similar to  the model 
used i n  tests i n  the Langley 19-foot pressure tunnel and described i n  
reference 2. A sketch of the model is shown i n  figure 1. The Kfng 
sweep, defined as the sweep angle of the  quarter-chord line of an 
equivalent  straight wing, was 400- This quarter-chord line becomes 
the 0.2'73-chord line of the wept  wing, measured paz%llel to the plane 
of Symmetry- The a i d o i l  sections  perpendicular t o  the 0.273-chord 
l i ne  are NACA 641-112. The wing had no geometric dihedrd. o r  twist 
and  had an aspect  ratio of 4 and a taper   ra t io  of 0.625. 

The s p l i t  flaps used extended over the inboard 50 percent of the 
wing span, had a chord equal t o  0.184"of the wing chord,  and were 
deflected 600 in a plane  perpendicular t o  the hinge line. Sams tests 
w e r e  made with a sol id  wooden f l a p  which formed a closed shape at the 
rear. Later testrr made xith a f lap  made of sheet m e t a l  showed 
discrepancies between drag measurements with the two " p e e  of flap. 
The open sheet-metal f l a p  was, therefore, used for all fur ther  tests- 
The only  data presented. i n   t h i s  paper which were opta@.ed . y i . t h  the 
so l id   f lap  are t he  bta f o r  "the split-flap  deflected  condition with 
leading-edge rougtvlass without the leading-edge  Flap. Dehils of the 
leading-edge flap axe shown i n  figure l(b). This f l ap  i s  ident ical  
with the  flap  described  in  reference 4. 

The model wa8 made of duminum a l loy  and m8 polished t o  E 

smooth f inish.  For the teste  with  leading-edge mughneea, p a r t i d e s  ' 

of carborundum having a diameter of approximately 0.008 inch were 
imbedded in thin  shellac on both the upper and lower gurfaces  over 
a length of 0 . 0 8 ~  from  the  leading edge. W i t h  the  leading-edge flap 
installed, the roughness covered the. f l a p  as well as the portion of 
the wing surface  nonmlly roughened. 

Teats were made a t  Reynolds numbers and Mach numbers which 
duplicated the  conditions f o r  the t e s t s  made of' the W - s p a n  model 
in  the L&ngley 19-hot  pressure tunnel. Tests were made w i t h  the 
model i n  both the m o o t h  and in the rough condition f o r  the .plain wing 
and f o r  the wing with the trailing-edge spli  t flap, with the leading- 
edge flap,. and with both flaps  together. . .  

Jet-boundary  &omectionEl-.were applied tg -the .hta by the meth2. " 

. ,-. I . 

described  in  reference 5. The values. of the corrections to. . the *@.e 
of attack and drag. coefficient w e r e  appraxlmat6ly 

LkL = o.&, 

ac, = 0. OlCL 2 

. 

. 
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Comparisons between the  semispan data obta,i@ in t h i s  investigation 
and full-span data previously obtained in the Iangley 19-f oot pressure 
tunnel and presented in references 2, 4, 6, and 7 w e  shown in  figures 3, 
4, 5 ,  and 6 .  The investigation  of  the  various  canfigurations  of t h i s  
w i n g  in the Iangley 19-foot pressure tunnel covered a long period  of 
tim and the  results a r e  -pesented in a number  of-papers. The data 
which  were  used for comparison xith the data obtained i n  the Langley 
two-dimensional  low-turbulence  tunnel are those  obtained when the 
model configuration was most nearly eimilar to the semispan model. 
For convenience in  locating the original  full-span data, the reference8 
and figure  numbers in which t h e  full-epan data ori.$&ly appeared are  
given  in  figures 3 to 6. ~n gene&, the  agreement  between the two 
se ts  of  data is very good. 

Slight  differences  are  obaerved in maximum lift  coefficients or in 
angles of attack-for maximum lift  in a few c&aes. Differences of this 
tspe occur  frequently,  hawever,'when aeveral, testa  are made of a given 
configuration in the same tunnel,  particularly for win- in the range 
of  thicknesses around 12 percent w h e r e  conditions near maximum lift 
are rather critical. For this  reason, no particular  significance  is 
attached to them differences. 

The differences  observed in drag coefficients are smal l  in all 
cases  except f o r  the data for t he  model in the rough condition w i t h  
the split  flap  deflected  (fig. 5(b)). For t h i s  condition,  the  increase 
in drag  coefficient measured for the semispan  testa  is  attributed  to 
the  use of a split  flap  formed from a solid  block. The drag data 
obtained in the 500th condition, for  which both the semispan and the 
full-span model were equipped with open  flaps, shared good agreement. 
mag data are  presented in  figure 7 for the semispan model in the 
smooth condition  with both the solid and the open flap. The data 
with the open f h p  show drag coefficients lower than  those  for the sol id 
flap by an amount approximately equal to  the  discrepancy  between  the 
semispan  data  and t b  full-span data in the rough condition. 

For the plain  wing in the rough condition, a-difference  exists ' 

between the pitching  moments  obtained  in the two t e s t s  in the low 
to moderate range of  lift  coefficients  (fig. 4(c)). At t h s e  lift 
coefficients, the pitching  maments obtained in the semispan tests are 
more negative than those meaeured in the full-span  tests by about O-OO7- 

, The reason  for  this  dlscrepancy  is  not clam since it occurs only in 
this one case. Good agreement is shown in the pitching  moments at 
these low lift  coefficienta for a l l  the other conditione  tested 
(figs*  3(c>, 5(c), and 6 ( c ) ) .  
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I n  0- one case does there appear t o  be & *ortant  difference 
between the semispan and the full-span data. A t  a Reynolds nuniber 
of 3.0 x lo6 with both leading-edge end spl i t   f laps   def lected,  the 
pitching m o m e n t s  obtained from the semispan tests break i n  an unstable 
direction mar maximum l i f t ,  whereas the  pitching  mmnts  obtained 
from the full- span tests break i n  a stable direction just as they do 
a t  higher Reynolds numbers (fig.  6(c)). The addition of a fuselage 
do the full-span X i n g '  in  a midwing o r  a high wing position  (reference 7), 
however, changed the pitching-moment variation of the ful l -sp 
arrangement near maximum lift at  a Reynolds number of 6.8 x 13 so 
that it resenibled the pitchZng-moment vari t ion obeerved for the semi- 
span wing st a Reynold8 number of 3.0 x 10 i? . It appears  therefore that 
the ef fec t  of the  tunnel-wall boundary layer on tkie measured character- 
i s t i c s  of a semiqan wing is similar in   character   but  not as marked 88 
the ef fec t  of adding a fuselage to the full-span w i n g  i n   e i t h e r  a 
mldwing o r  a high-wing position. 

In  order to establibh the fact- that   theee  effects  are caused by 
t h e  tunnel-wall boundary L e y e r  rather than aome other phenomena, tes ta  
M e r e  made i n  the Langley 19-foot pressure tunnel of the full-apan wing 
w f - t h  a center  plate in8ta;lled.. The oenter plate extended  approximately 
I chord length ahead of ..the leading ed@ and wae f i t t e d  with a s t r i p  of 
screen w i r e  which extended  about 1/2 inch out frcan the p l a t e   t o  produce 
a boundary layer a t  the model which would simulate the tumel-w&IJ, 
boundary layer i n  the Langley two-dimensions;l low-turbulence  tunnel. 
The pitching-mom@ .&tS w i t h  and.without the center pla te  are shown 
i n  figure 8 and indicate results similar t o  those cauaed by the tunnel- 
wall boundary layer. - 

m e  conclusion reached ~ r &  h s e  r e e d *  is that the effect of. the - 

boundary-hyer flow over.-the  root  section is such &e .to delay the stall 
of this portion of the wing. htroduct ion of the boundary layer causes 
a Ugh degree of turbulelice i n  W e  region and, therefore,  increases 
t h e  effective Reynolda nuniber of the root  section. The e c d e   e f f e c t s  
on the maximum lift coefficient of t h i s  wing i n  the R e p o m  number 
range from 3 x 10 6 t o  6 x LO 6 are in  the  proper  direction  to produce 
this ef fec t  although they are not large. It i s  obvfoua, however, that 
t h e  lift dis t r ibut ion on'."S configuration is such t h a t b o t h  root and 
tip  sections  reach their maximum lift coefficients at very nearly the 
same angle of attack. Any effect  tending t o  increase the maxirmmr lift 
coefficient of the root would therefore cause the t i p  t o  s t a l l  first. 
Once the t i p  s ta l l s ,  the loading on the root is bcreased, which decreases 
i ts  tendency t o  stall. A defini te  change i n   s t a b i l i t y  a t  the'etall can 
be caused, therefore, by an  effect  which tenda to delay even s l igh t ly  
the stall a t  the root. This investigation  indicates that data obtained 
from semispan-wing tes te  i n  the Langley two-dimensional low- turbulence 
tunnel may be  expected t o  be i n  good agreement w i t h  data obtained from 

. .  

.. 



NACA RM NQ. ~ 9 ~ 2 %  7 

ful-1-span tests of the w i n g  alone except f o r  unusualLy senait ive 
configurations where the lift distribution is  euch that small disturb- 
ances may cause a radical change i n  the location of the original stall 
o r  i n  the manner i n  which the stall progresses. 

Data are presented  in  f igure 9 which show the ef fec t  of leading- 
edge roughness a t  several Reynolds numbers on the aemdsnamfc C-C- 
t e r i s t i c s  of the wing with the leading-edge flaz deflected  both with 
and without the t ra i l ing-edge  spl i t   f lap.  These data show that, in 
this conf igura t ia ,  the ef fec t  of leading-edge roughness is that the 
pitching-moment variation at the s t a l l  changes from stable  to UIllstable. 
Pitching-moment datz from full-~pan tests in the Langley 19-f oot 
pressure tunnel with leadlng-edge rou@mss are sham in figure 10 
and indicate a similar e f fec t  of roughness. This agreement between 
the full-span and t h e  semispan data i n  the rough condithn  could be 
expected  since the scale effects  on wing sect ions with t ransi t ion 
fixed a t  the leading edge are usually negligible 

Since  experience has sham that manufacturing jzregulazities . . 
usually cause the aerodynamic character is t ics  of a i q l a n e  w i q y  t o  
be similar t o  wind-tunnel data for similar canfigurations ~5th same 
degree of roughness, it ie recammended that the longitudinal stabilitg 
characterist ics meamred w i t h  leading-edge roughness should be 
considered  applicable t o  actual airplane designs. 

This investigation  indicates that Wta  obklned f r o m  semispan 
wing tea  ts i n  the Langley two-dimensional  law-turbulence tunnel may 
be expected to be i n  good agreement with data obtained  from full-span 
t e s t s  of the wing alone except f o r  unusually  sensitive  conf%gurationa where 
the l i f t  dis t r ibut ion is such that smal l  disturbances may a w e  a radical  
change i n  the location of the origlnal s t a l l  o r  i n  the manner i n  which the 
stall progresses. Data obtained f o r  the wing with leading-edge roughness 
with both leading-edge and eplit   f laps  deflected  indicate  that  the 
effect  of l ead ing -em rOughneas is  that the pitching-mment  variation 
near maximum lift changes from stable  to unstable. W i t h  roughness 
added, the full-span and semiepan test resu l t s  were in good agreement 
i n  all cases. Thua, it appears that adding roughness minlmizee the 
influence of the tunnel-xall boundaxy layer. 

Langley Aeronautical  IaBoratory 
National Advisory Canrmittee for Aeronautics 

Langley Air Force Base, Va. 
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(a) W i n g  plan form. - 
Figure 1.- Details of &emispan aveptback wing model, Aapect ratio = 4.01; 

aemispan area = 199.8 sq. in. ( A l l  dfmensions in inches). - 
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Wing w i t h  s p l i t  flap 

Wing w i t h  leading-edge . flap 
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Figure 2.- Rear view of 40' meptback wing model installed in 
Langley two-dimensional low-turbulence pressure tunnel. 
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Figure 3.- Concluded. 
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Lift coeff lcient , CL 
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Figure 7.- Comparison between drag cha rac t e r i s t i c s  measured 
with a solid flap and with a bent sheet-metal flap. 
R = d.1 x 10 6 Model snooth. 
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F i g w e  8.- Comparison of pitching-moment data obtained on a full- E 

span model of a bo sweptback rsing with ana without center plate. * 
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Leading-edge ana s p l i t  f laps deflected. R = 3.0 X 106. 9i 
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Flagged sgmbol8 denote 
etandard rougbees 
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