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By William C. Sleemau, Jr., and Robert E. Becht 

SUMMARY 

As part  of an NACA transdc research prosam, a series of wfng- 
body  cambinactions are being  investigated In the Langley high-speed 
7- by  10-foot  tunnel  over a Mach  number  r&nge from 0.60 to 1,18 
utilizing  the transanic4ump test technique. 

This  paper  presents  the  reaults of the  investigation of a wing- 
alone and wing"fusela@ canbination  employing a delta wing having 
45O aweepback of the leading edge,  aspect  ratio 4, and an NACA 6s006 
airfoil  section. 'Lift, drag, pitching mamsnt ,  and r o o t  bending mcanent 
were  obtained.  far  these  configuratfons. In addition,  effective downwash 
angles and  dynamic-pressure  characterietics in the region of a probable 
tail  location a l s o  were obtained for the80  configurations, and are 
presented  far a range of tail  heights at one tail  length. In order to 
expedite  publishing of these data, odly a brief analyeis is  included. 

A series of wlng+ody configuratione are being investigated in the 
Langley high-peed 7- by 1 M o o t  tunnel to study  the  effects  of w i n g  
geametrg on the longitudinal stability  characteristics at transonic 
speeds. A Mach  number range between 0.60 and 1.18 is  obtained  utilizing 
the  transan3c"bmrp  test  technique.  Previous  data  published in this 
serfes are presented in references 1 to 4. 
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cn pitchin@mment  coefficient referred t o  0.2% 

panel pitchi- 
qsc 

CB bending-moment coefficient  about  chord l ine (at plane 

of w-trg) 
Root bending 
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effect ive dynamlc pressure over span of model, pounds 

per square foot  ( 5  p+) 

twice wing area of semispan model, 0.UW square foot 

r e l a t iomhip  2 Jb’2 c2dy 
S 

C l oca l  wing chmd 

b twice span of aamispm model 

Y spanwise dietance fraa plane of sgmmetry 

P air densitr, ~ l ~ g e  per cubic foot 

V fhe-stream velocity, feet per eecond 

M effect ive Mach number o7er span of model 

M l  l oca l  Mach number 

Ma average chordwise loca l  Mach number 

U angle of attack, degrees 
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E ef fec t ive  do-mwash angle, degrees 

qxltlce/q ratio of point dynamic preasure taken d o n g  a line containing 
the quarter-chord  point8 of the mean aerodynanlc chords 
of the free-floating tails to   local   f ree-s t ream dynamic 
pressure - * 
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No tares have been applied t o  t h e  data t o  account for the presence 
of the end p la tes  on the models. Jet-boundary c m e c t i m  have not been 
evaluated because the boundary condition8 t o  be satisfied are not  rigor- 
ous ly  defined. However, inaemuch 88 the effect ive flow field is  large 
ccrmpared with the span and chard of the m d e l ,  the correctioIlEl are 
bel ieved  to  be s?naU. 

By measuring tail float% angles without a model installed,  it 
was determined that a tail spacing of 2 inches would produce negligible 
interference  effects  of re f lec ted  shock waves on the tail f loa t ing  
angles. Downmh angles for the Wieone configuration were therefore 
obtained  almultaneoualy far the  middle, highest, and lowest tail 
positions i n  me Series of t e a t s  and s i m d t a n e o ~ l y  for t he  two inter- 
mediate  position8 i n  succeeding runa. (See f ig .  3.) For the X f q y  
fuselage t es te ,  the effective  donwash angles at the wing chord  plane 
extended were determFned by mounting a fPee-flOating tail on the center 
line of the fuselage. The dowwa8.h angles presented are increments 
f'ram the tail f loa t ing  angles without a model i n  gosit ion.  It should 
be noted that the f l o a t h g  angle8 meaaured are in r e a l i t y  a measure of 
the angle-of+mro  pitching mnmant about the tail pivot axis rather than 
the  angle-of-zero l i f t .  It has been estimated, however, that for the 
tail arrangement used a downwash gradient of 2O across the span of the  
t a i l  will result in an error of lees than 0 . 2 O  i n  the meamred downwash 
angle 

Total-head readlngs obtalned frm the tall survey rake have been 
carrected for b0-n loss. The e t a t i c ~ e e s u r e  values used i n  
cmputing  the dynamic-preersure r a t i o s  were obtalned by w e  of a s t a t i c  
probe with no model in position. 

Figure 
Win@one force data. . . . . . . . . . . . . . . . . . . . . . .  
Effective downxash anglee (w ing  alone) . . . . . . . . . . . . . .  9 
Effective downwash angles ( w i n g  fuselage) . . . . . . . . . . . . .  10 
Downwash gradients . . . . . . . . . . . . . . . . . . . . . . . .  11 
Dynamic-ressure surpeys . . . . . . . . . . . . . . . . . . . . .  12 
Summary of aerodynamic charac te r i s t ics  . . . . . . . . . . . . . .  1 3  

Wing-fuaelage force dater . . . . . . . . . . . . . . . . . . . . .  8 

The discuseion is based on the eummarized values given i n  f i v e  13 
unless otherwise  noted. The slopes sunnnarized Fn figure 13 have been 
averaged  over a range of fi0.l of the   s ta ted  l i f t  coefficient.  
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Doxnwash and Dgnamic-Pressure Surveys 

The ver ia t ion  of e f fec t ive  downwash angle with tail height and 
angle of a t tack  far the s a n e  and *fuselage configurations at 
various Mach numbers is preeented in figures 9 and 10. The d m w h  
gradient near zero lift far the wLng a l m e  ( f ig .  U) increased 
&a the  tall locat ion approached the  chmd  plane. T h i s  tzend in &/aa 
was evidenced  throughout the Mach number range tested. A t  higher l i f t  
coefficients,  a&a was generally less than the  zer-l if t  va lue  f o r  
tail posit ions below the chord  plane and W ~ B  higher f a r  t a f l   p o s i t i o n s  
above the chord  plane (fie. 9 and lo). The addition of the  f'uselage 
caused only anaU changes i n  the  downwash gradients. 

Note that the test angle-of-attack range with the free-floating 
t a i l  s l igh t ly  below the  chord plane extended wae r e s t r i c t e d  by the 
presence of the  fuselage. 

The results of point-dynanfc-pessure surveye made along a line 
containing  the  2mercen-b meanIwrodynamic-hard points of the f h e -  
f loa t ing  tails wed i n  the downwh surreys are presented Fn figure 12. 
The maxfmum l o s s  in dynamic preseure at the wake center llne for high 
angles of attack  increased with Mach number f r a n  23 percent (M = 0.70) 
t o  30 percent (M = 1.15) of the free-stream dynamic pressure. The 
width of the  wake also became samewhat greater at higher Mach numbers. 

The addition Of t h e  fuselage ahowed only a emall ef fec t  on the wake 
prof i les  although the peak loeses were reduced in ame cases. 

-gley Aeronautical  Laboratory 
N a t i o n a l  Advisorg Ccamnittee f o r  Aeronautics 

Iangley A i r  Force Base, Va. 
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[Basic  fineness ratio 12; actual fineness ratio 10 
achieved by cutting off the rear one-sixth of 
the body; F/4 located at 3/21 
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Figure 4.- Photograph of delta-wing model w f t h  leading edge swept back 45O, 
aspect ratio 4, and HACA 6WW6 a i r f o i l  showing free-floating tail 
mounted i n  fuselage. - 
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"- Nominal boundary-layer thlcknsu 

Figure 3.- mical Mach number contours over k a n ~ o n l c  bump in region of 
model location. 
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Figure 7.- Wlng-alone aerodynamic characteristics for d e l t a r i n g  model with leading edge mept back 45', 2 
aspect ratio 4, and 6gW6 a w o i l .  
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Figure 8.- Wing+fuselage aerodynamic characterietlce for  de l t a r ing  model w l t h  leading edge m p t  
back 45O, aspect ra t io-4,  and RACA 65~006 airfoi l .  
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Figure 8.- ConclWd. 
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Figure 9.- m f e c t l v e  dovnwaah anglee in region of t a i l  plane for derta-wing mode lv i th  leading edge 
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swept back 45O, aspect r a t i o  4, and NACA 65AOO6 a i r foL.  Wing alone. 
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Figure 10.- Effectlve downwash m&es in region of t a i l  plane  for d e l t w l n g  model with leahing edge 
EHept back kg0, aspect ra t io  4, and I W A  65~006 a k f o l l .  Wing fuselage. 
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Flgure U.- Variation of downwash gradient w i t h  tail height and Mach mmbar for del ta-viry model w i t h  
leading edge swept back 45O, aepect ratio 4, and X4f.X 6y006 a i r fo i l .  
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Figura 12.- Dgnnmlc-p?esaure s w e y a  i n  region of tail plaas  for delta-wlng model with leadlng edge 
wept baak kSo, aapsot ratlo 4, and W A  65~006 airfoil. 
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Figure 12.- Continued. 
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Figure 13.- Sumnary of aerodynamic characterletice for delta-ulng model with leading e U e  Bwept 
back 45O, aspect ratlo 4, and RACA 654006 airfoi l .  \o 
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