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Cqaratively Large anglee OP ew3epbaok of w i n g s  and con-kol 
eurfacee are Imorporated in the deeign of m a ~ g  current airplanes 
i n  order to delay the onset of compreseibility effects. Since 
exgerimental data f o r  highly m p t  lifting emfaces are rather 
inccnnplete, a eerie8 of wind-turmel t e s t a  were conducted w i t h  a 
semispan model of a pursuit airglane having the w i n g  swept back 
35O 



During the tests several modifications were msde t o  the w i n g  
and wing+fueelage intereection of the model, primarily to eljmlnate 
the reversal of pitch-nt and aileron hing-nt charac- 
t e r i s t ics  noted f o r  small angles of attack and aileron deflections 
a t  high Mach numbers, and t o  increase the divergence -oh  number of 
the model t o  a value more closely approximating that predicted by 
simple theory. Thle report  presents the results of that portfon of' 
the t es t s  deal- with the modificationa t o  the model. Subsequent 
reparts wfll p s e n t  ttereminder of the data. 
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aileron  deflection  about the hinge line, degrees 

pressure cwfficient  

[ Q I- (local e ta t fe  preesure)-(free"strea;m static  pressure) 

critioal pres- coefficient (P a t  whioh the local velocity 
equals the local velocity of sound) 
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W l n g  am&, BQ ft 

w 4 3  span, f t  
W i n g  mean aeroQnamic chord, f t  

W i n g  root  section ( n o m  to ' 

wing tis section (normal to 

quarter-chord line) 

quartemhord line ) 

W i n g  aspect ratio 

W i n g  taper ra t io  - 
Swe'epback of w i n g  quarterehord 
line, @3 

W i n g  dihedral, deg 

Incidence of' w i n g  root  eection, 
' 

Incidence of Xing t i p  eection, 
(m 

Aileron hinge-rline length, ft 

Aileron mean-squared chord aft 
" of hlnge line (normal t o  hinge 
~2 line), sq ft 

Horizontal-tail area, sq f t  

Sweepback of tail q&telr-ohord 

EorieontaL-tail dihedral, deg 

line, deg 

mACA OOl2-64 

HACA 0011-64 

9-02 
0.4% 

1.00 

- 1.00 
2.008 

34-59 
10.0 

Extended-chord 
King 

u. 316 
7.423 
1.617 

RAGA OOl2-64 Modified 

NACA 0011-64 Malified 

4 '185 
0 513 

35.4 . 
3.0 

1.00 

- 1.00 
2 .om 

. 

0.1543 
1.400 

34.59 
10.0 

Since no part of the  support system wa8 e w e e d  to the main air 
stream, no correctims for tares have been applied t0 the data. 
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r The effects of the wind"tunne1walls on the  angle of attack, drag, 
and pitching mmnt ham not been accounted for since they a r e .  amall 
for a model of this eize and in general have the opposite effect 
of t h e  leeikage. -0, no correction has been applied to the  
aileron effectiveness to account for t he  en&--te effeot of the  
reflection plane. Tbe aileron effeckiveneea of the half model 
agreed w e l l  with that obtained fram pelinhaqy tests of. the whole - model mounted in the center of the wind tunnel. However, constric- 
tion effects of the d e l  and support system have been taken in to  
account. As the model wa8 6zuall relative to tibe teet  section, .the 
constriction  correction to t h e  bbch number wae leas than 2 gercent 
at 0.90 Mach nuniber. 
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modified contour are s h m  i n  figures 15 t o  20, and the effect  of 
the w i n g  leadhgkdge extena im l e  sham i n  f ~ U r e S  21 t o  23. For 
the teste of the fuselage shapes, a band of preaerure orifices was 
installed along ths fuselage side approxWtely OneThalf inch from 
the upper surface of the w i n g .  

Because of the relatively -11 s i z e  of the model, the data 
for law Mach numbers are inconeistent. Also, the drag coefficients 
sham are too large, due in  part t o  the leakage air  passing  over 
the supporting  structure inside the fairing. Emever, the varia- 
tion w i t h  Mach nmber i e  believed t o  be reliable. 

General Characteristics of the Oxiginal "el 

The original model with the true-contour w i n g  (I4ACA OOl2-64 
root  section and WCA 0011-64 t ip  section measured norm1 t o  the 
qwter-chord  l ine)  had an average divergence Wch number of 0.87 
f o r  low lift coefficients. (See fig.  8.) Although no canparable 
data &p8 available, this is 12 percent higher tban is estimated 
for a similar unswept wing .  Consideration of only the component 
of flow normal. to the quarte-hord l i ne  would indfcate a diver- 
gence Mach nuniber 22 percent higher f o r  a wing wept  back 35O than 
for aa unswept wing. It I s  indicated, then, that sweegback 
increased the divergence Wch number by a factor only elfghtly 
greater than half the secant of the sweepback angle. 

A t  low i%ch  numbers the tail-off pitchingdlarnsnt coefficient 
varied nonlinearly w i t h  lift coefficient in such a manner that the 
static longitudinal s tab i l i ty  w a s  less a t  the higher than a t  the 
lower l i f t  ccmfficients. (See f ig .  13.) A s  the Mach number was 
increaeed, the longitudinal s t a b i l i t y  decreased for low 1ifX 
coefficients and increased for high l i f t  coefficients. A general 
positive shift of the tail-off pitching moment was noted as the 
Mach nmber KBB Increased. 

Wamremnts of the aileron h m e  momenta on the tmm-contour 
wLng at the higher Mach numbera (f 5go 9(a) ) revealed a reversal of 
the variation of hfrge manaant w i t h  aileron  deflection fnr amall 
deflections.  Since the ailerons had no nose balance, this undesir- 
able reversal nae attzibuted t o  the large trailing-edge angle, 
garticularly when the same tendency, to a Blualler degree, was noted 
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The lift and drag characteristics of the wing (figs. 1l and 
12) were essentially unaffected by the trafling+dge e ~ n s i m  
except f o r  an increase of llfkurve slope at t b  highest Msch 
rimer and possibly a SIZBU decrease of & a g o  The r e l a t i w l y  large 
improvement of the drag characteristics a t  low weds should be 
diecountad because of the  previuusly mentioned difficulty of measur- 

the  forces at low speed w i t h  such a s m d l  model. 

ESO quantitative general 'cmcluatone concerning tlze -TI%- 
- edge contour can be =de frcm the results p m v i ~ ~ e l y  diecueeed.. It 
can be aaid only that, f o r  the model considered here, reaming the 
trailing-edge angle eliminated the revereal of chazacteristics 
suffered by the tm-ontour ning. Perhaps a emaller modification 
would have been sufficient. It should be mentioneh that the reverz- 
e a l  is usually aesociated w i t h  changes of sepazatian or boundary- 
layer growth ne= the trailing edge, or at supercritical -oh 
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numbers with th9 ohordwise moveaent of the ohock waves. It fo l lmc ,  
then, that airfoi l   sect ion and angle of sweepback would be impo- 
tant factors i n  determining a suitable tralling+dge contour. 

Wing4wehge  Intersection 

It has been pointed  out that the  increase of the divergence 
Maoh n&er due t,o meepback was not a8 great for t h i s  model as 
predicted by the simple cosine theory. Soms deficiency may be 
expeoted, however, due in  part t o  the restrictions on the air flow 
a t  the plane of eymmetzy. The streamlines in plan v i e w  tend to  be 
S-shaped over a swep-ack wing of f i n i t e  thiclmess, b u t  must be 
straight at the plane of spmetry, or conform t o  the shape d the 
fuselage a t  the wing-fuselage intersection. This restriction 
results in a spreading apart of the streamlines  near the leading 
edge of the w i n g  roo t  and a crowding together of the streamlines 
near the trailing edge, as is  indicated in  figure 15 by the minimum- 
pressure peaks new 80 percent of the wing chord f a r  the model w i t h  
the  basic fuselage. 

The consequences of the restrictions on the air flow a t  the 
plane of symmetry of 8 swept-;back wing a r e  not olear ly  established. 
The general  effect i s  an increase of the s t a t i c  pressure mer the 
forward part of the wing root and a decrease of s t a t i c  pressure 
over the aft portion of the w i n g  root. It follows tihen, that air- 
f o i l  sections normally having their  minimum-pressure point near o r .  
aft of the midchord would suffer add.itiona.1 reductions of rain3mm.1 
pressure near t h e . p h e  of spumetry. Furthermore, the chordwise 
location of' the minhmm-pressure point probably w o u l d  be forced 
rearward. Three detrimental  effects would f ollaw : (1) the local 
W h  nuniber would Be increaeed, (2) the tendency f o r  separ,tim of 
the air flaw would be increased, esd (3) in plaa view.the line of 
miniruum pressure near  the plane of' spmfxy would approach the 
normal t o  the  streamlines thuer enhancing the development of a 
shook front. It should be noted that  these  effects apply prirmri- 
t o  airfoil   sections normally having their minimum-pressure point 
near or aft of the midchord. IJega,tive pressure peake near the  
leading edge would be reduced by the f lav restrictions, and less 
detrimental effeots would be expected. 

An attempt was made t o  relieve this interference a t  the wing 
root by shping  the fuselage side t o  the estimated shape of the 
streasllines over the portion of a mep%back wing f a r  distant from 
the root o r  t ip .  The streamline shape w a s  estinated by asrming 
that only the c-onent  of the free-stream  velocity normal t o  the 
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wing quarter-chord Une was affected by the pressum field of the 
w i n g ,  w h i l e  the component parallel  to the quarte-hord lfne 
remained unchanged. This assumption permitteb calculation of the 
direction of the resultant  velocity  vector at each  point  along the 
chord of the wing. In =der to avoid  reduction of the fuselage 
cross-eectianal mea, the first modification  consisted of enlarg- 
ing the fuselage near the leadfng and t ra i l ing  edges af the wing 
i n  such a manner that the direction of the s t r e a m 7 e e  along the 
wing-fuse-e intersection corresponded to the  calcula'ted  direction 
of the resultant  velocity  vector. P r e m n a r y  tests  indicated no 
improvement of the high-speed characteristics of' the model and 
revealed 8 serious minhm+ps6m peak near the wing leading 
edge. C-equently, the fuselage contour was further modified 80 

that the  calculated Lateral displacement of the s t r ed ines  due t o  
the sweepback was about equally distributed on either side of the 
basic fuselage line. Hence the average preesure due t o  the modi- 
f i ed  fuselage 8 h d d  be approximately  the same as that due t o  the 
basic  fuselage. Also, the curvature of the forward part of ' the 
mcdification was reduced in order t o  eliminate the -pressure 
peak obtained  with the first modification. The final fuselage 
contour is canpared with the basic contour ta figure 4. 

" 

It should be noted that the ver t ical  extent of the m o d i f l -  
t ion was Umited by the depth of the fuselage, and that the flow 
over only the upper surface of the wlng waa affected due t o  
low position of the wing. Fur&hermore, the mod.lfled shape I s  
probably not the opt- because it was designed t o  have appoxl- 
mately che s a m  average effect  on the s ta t ic  pressure ov8r the w i n g  
as  the basic fuseLage. Both fuselagee undoubtedly reduce the 
average pressure m r  the w i n g  root. 

In spi te  of the limftatione, a more favorable gressure- 
recovery  gradient and a slnaller peak pressure w a s  obtained a t  0.9 
Mmh nuniber w i t h  the mdif ied  wing4uselage intersection (fig. 15) . 
The h i m p e e d  lfft and dx'ag characteristios w e r e  considerably 
improved (figs. 16 and l7), the average divergence Bch nuaiber 
being increased a p p r o a f h -  0.02 (fig . 18) . Although the mdffi- 
cation was designed using the estimated pressure distribution over 
the w i n g  upper surface for a l i f t   coef f ic ien t  neaz zero, the char- 
acter is t ics  were improve& fm lift coefficients  as high as 0.40. 

Figures 19 and 20 indicate no important changes in the longi- 
tudinal  stabil i ty  characterist ics of the w i n g  due t o  the fuselage 
modification,  but reveal a  positive shift of the tail"off pitching 
Dmnent at the higher  mch numbers and a slight decrease of the 
etabi l i ty  fram the horizontal tall where the w i n g  l i f " v e  slope 
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was increased. Because of the improvement of the tail-off chmkc- 
ter is t ics ,  the variation of the tail"on pitching-ment coefficient 
with %ch  nuniber was more Batisfactmy w i t h  the  modified fuselage. 
An increase- of W h  n W e r  alwaye caueed a climbing mclrnent below a 
Mach nuniber of 0.90 and a lift coefficient of 0.10. W i t h  the ~ s i o  
fuselage, 8 small diving moment wae noted fo r  a l l  positive lift 
ooefficlents above a &ch number of' 0.85. 

In view of' the appreciable  gaim =de under the limited condi- 
tiom of the tests, it i B  recamended that a more exteneive  investi- 
gation be carried out, inoluding not only the effects of Shaping 
the  fuselage sides t o  the streamlines, but also the effects of 
other meam of reducing the interference at the phne of symmetry. 
One method  which should be studied is the modification of' the 
airfoi l   sect ion a t  the w i n g  root, s h o e  this would be entirely 
independent of the fubelage position and would. be applicable even 
t o  all-wing  airplanes. Another method  which might reduce the wing- 
fueelage interference l e  the judicious lmat ion and delsign of air 
inlets in the w i n g  leading edge or the s'ides of the fuselage. 

W i n g  Leading-.dge Extension 
. .. 

It has been Shawn that considerable  disturbance of the air 
flaw m y  occur at  the plane of symmetry of a Bweptback wing, BO 

that the f u l l  advantage of sweepback is not  realized. It seem. 
probable, then, that modification of the cr i t ical   oenbr   sect ion 
80 that i ts  c r i t i ca l  Wch number is higher relative to the aztC 
board sections of the w i n g  mlght improve the high-speed character- 
i s t ics .  The most straightforward way of doing t h i s  i e  to decrease 
the  thickaes6"twhord ratio at the  root. For reasone of strength 
however, it is not  practical to decrease the absolute  thickness of 
the wing root. Consequently, the thiclmees-t-hord r a t i o  of the 
root section was decreased by extending the leading edge  forwaxd 
a t  the root, as shown in  figure 5. The extension was contoured 80 

that the 'line of maximm thiclmess of the w i n g  remained  unchanged. 

The r e s u l t s  sham in figures 21 t o  23 indicate no improvement 
of the lift, drag, or  pitchin@;-mament charactsrJstics due t o  the 

' leading-edge extemiop. Unfortunately,  the extension interfered 
with lllany of the p r e e m e  orifices along the w3ng-fuaelage inter- 
section, 80 no satiefautory preesure data were obtained. However, 
there appeared t o  be a general  reduction of the magnitude of the 
negative p r e s s m e  over  the wing root  section. A more complete 
knvestigation is required to  either overcame or explain the failure 
of the extension t o  Improve the higbapeed characteristics. 



The results of the tests may be aummrized as  follows: 
1. The wing with  the tz-ue-contwr sectians exhibited serious 

reversal of pitohing-moment and aileron hing-nt c h a r a c t e ~  
i s t i c s   fo r  amall a n g l e B  of attack and aileron deflectione a t  high 
mch nulzibera. Extending the wing t ra i l ing edge to decrease the 
trailing4dge angle eliminated the reversals up t o  0.90 B c h  nuniber. 

Ames Aeronautical Iaboratory, 
Rational Advisory Ccmrmittee for  Aeromutio6, 

Moffett Field, Wif . 
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Fig. 3 NACA Rh4 No. A7102 
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Fig. 5 NACA R M  No. A7J02 
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Fig. 7 
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NACA RNI No. A7J02 Fig. 8 
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Fig. 9 a, B NACA RM No. A7J02 

.u4 

NATIONAL AOVtSORY 
COYMVTTEE FOR hERONhUTlCS 

\ 



NACA RM No. A7J02 . Fig. 10 a, b - 
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Fig. 11 NACA R M  No. A7J02 
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M C A  R M  No. A'IJOZ Fig. 12 



Fig. 13 NACA R M  No. A7302 
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Fig. 15 UACA Rh4 No. A7J02 
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Fig. 16 



Fig. 17 NACA Rhd No. A7J02 
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.z .3 .5 .7 -8 /v -9 



NACA R M  No. A7J02 

.. . . 



NACA RNT No. A7J02 Fig. 20  a, b 



mg. 21 NACA R M  No. A7J02 



NACA R M  No. A7J02 Fig. 22 



Fig. 23 NACA Rh4 No. A7JOZ 
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