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An invest igat ion was made by the  NACA wing-flaw method t o  determine 
the   l ong i tud ina l   s t ab i l i t y  and cont ro l   charac te r i s t ics  at transonic speeda 
of a semispan airplane model having a 45O sweptback wing and tail. The 
a i r f o i l   s e c t i o n s  pmallel t o  the axis of symn;etry were NACA 6 ~ e r i e s  
with  thiCkn€m~36 of 10 and 8 percent of the chord, respectively,  for the  
wing  and tail. The model was mounted to pivot  freely  about  the  center 
of gravity at 27 percent of the  mean aercdynadc chord. Measurements 
were mads of l i f t  and angle of a t t a c k   f o r  trim for seve ra l   s t ab i l i ze r  
and e leva tor   se t t ings .  Additimal t e s t s  were made t o   i nves t iga t e   t he  
e f f e c t s  of t r ans i t i on  w i r e 8  mounted on the wing and t a i l  of the model, 
the e f fec t  of increasing  the boundary-layer  thickness on t he  test surface, 
and the  effectlvenese of a wing f l a p  having a sweepback of 45O. 

Because of the  chordwise var ia t ion of Mach number i n  the  test r e g i a ,  
the ef fec t ive  Mach number f o r  the wing of the m d e l  was lower than  that  
f o r   t h e  t a i l  of the  model. The effect ive Mach numbers at the wing of the 
model ranged from 0.w t o  1.07. The in te rpre ta t ion  of t h e   r e s u l t s  in 
terms of fu l l - sca le  flight Conditions is subjec t   to   uncer ta in ty  
because of the difference in the  Wach number of the flow at the wing 
and at the tail and of the low Reynolds number of the tests. 

The r e s u l t s  of the  tests m e  compared with the r e s u l t s  of previous 
tests of a model with an unswept wing and t a i l  and with a model with an 
unswept  wing  and exeptback tail. Repolds  nmiber e f f e c t s  on the  trim 
charac t e r i s t i c s  of the model were generally greater than those noted i n  
the previous tests. A smoother  and m o r e  gradual var ia t ion  of the lift 
coef f ic ien t  and angle of a t tack for t r i m  wi th  Mach nuraber up t o  a Mach 
number  of about 0.9 was obtained than with  the  configurations  previously 
tes ted.  A t  higher Mach numbers, a audden decrease  in the  l i f t  coeffi- 
c ien t  and angle of a t tack   for  t r i m  occurred at about the same Mach 
number (0.93 t o  0.98) and was of about the same magnitude as the  t r i m  
changes  encountered  with the unswept wing and sweptback tail configurat im.  
The variat ion of lift coeffi&nt for trim with stabilizer setting indi- 
cated that the model had at ick-f ixed  s tabi l i ty  for s t a b i l i z e r   s e t t i n a s  
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of 0.7O t o  2.8', but was unstable f o r  a s t a b i l i z e r   s e t t i n g  of +.Go over 
most  of the Yach  number range. No such   ins tab i l i ty  was noted in the 
previous tests over the  range of stabilizer def lect ion tested (do t o  bo). 
As in   the  tests of the unswept wing and eweptback t a i l  configuration,  the 
e levator  was inef fec t ive  a t  low deflections (10 t o  -3O) over t h e   e n t i r e  
Mach number range probably as 8 result of the law Reynolds number of the 
tes ts .  The change i n  t r i m  obtained by deflect ing the elevator  from 
-3O t o  -3O was large at low speeds  but  decreased  steadily  with  increase 
in Mach number t o  1.0. A sweptback flap on the  loyer.ewf'ace of the  wing 
( s imi l a r   t o  a dive-recover3 f l a p )  was found t o  be inef fec t ive   in  changing 
the  t r i m  of the model at Mech numbers up t o  about 0.95. At a Mach nuniber 
of about 1.0, a small adverse  effect  w a s  noted. 

. .  . . 

INTRODUCTION 

Modern mil i ta ry  and experimental aircraft are being designed t o  f l y  
a t  speeds closely  approaching and passing through the  speed of sound. 
Ser ious   s tab i l i ty  and control problems ant ic ipa ted   for   th ia  flight 
region because of cumpressibil i tg effects on the  aerodynamic character- 
i s t i c s  of a i r f o i l s  and control surfaces. ..In . o ~ d e r . t o .  provide. some infor- 
mation on these problems; tes te .hav6  been made i n  the transonic"epeed 
raqge by the R A M  wing-flow method to   i nves t iga t e  the longitudinal 
s t a b i l i t y  and cont ro l   charac te r i s t ics  of a semispan airplane model. In  
the first of these tests (referance 11, the  model was equipped wi th  a low- 
drag unswept wing and tai l  ccmfiguration. The result8 of t h e m  tea ts  
indicated that large and abrupt changes i n  t r i m  occurred at Mach numbers 
from 0.90 t o  0.93, probably as a reerult of compressibi l i ty   effects  on t h e  
t a i l .  Inasmuch a8 teste of eweptback airfoils have shown a delay  in the 
onset and magnitude of compressibil l ty  effecta,  the unswept t a i l  vas 
replaced with a 45O sweptback t a i l  fo r   t he  second of the80 tests 
'(reference 2). This changeresul tedin  increasing the Mach number a t  
which the major changes In  trim first  occurred by about 0.05 and i n  
decreasing  the magnitude of t he  t r i m  changes. In an effort t o  improve 
f u r t h e r t h e  longitudinal stability and control  characteristics of the 
model, t he  unsvept wing V&B replaced for the p e a e n t  t s 8 - k ~  with a 
swoptback  wing of the stme a i r f o i l   s e c t i o n  i n  a plane normal t o  the 
wing c pan, w i t h  the  same span and aspect  ratlo,   but  with no taper  and 
with a sweepback of 45O. The result6 of the teste wl t h   t h i s   con f igu ra t im  
(meptback wing and t a i l )  are presented  herein. Measurements were made 
of lift and angle of at tack for t r i m  fo r   s eve ra l   s t ab i l i ze r  and elevator 
eet t lngs.  S o w  data  were obtained  with  t rgsi t . lon wires on the  wing of 
the molLel and on the w i n g  and tail of the malel. The e f f ec t  on the model 
teste of the fhlckness of the boundary layer  on the test region of the 
P-51D airplane wing waa Lnvestigated. A brief investigation wae a l s o  
made t o  determke t h e  effectiveness of a w€ng Plap.whicb w a s  similar to .  
a dive-recovery f l a p  on an unswept wing. . .  
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angle of  attack of fuselage for  trim 

incidence of stabilizer 

deflection of elevator In plane normal to t a i l  span 

chordwise distance along wing aurface of p 5 l D  airplane 

l oca l  Mach number at  distaace x along wing  surface of 
p 3 l D  airplane 

effective  Mach  number at w i n g  (average  at  semispan) 

effective  Mach  number at tail (average at semispan) 

free-stream  Mach  number 

effective  dynamic  preaeure at wing  (average at semispan) 

wing area (semfspan), 6 square  inches 

lift for trim 

lift  coefficient for trim f* 
lift  coefficient  of ' p L 5 l D  airplane 

Reynolds n&r of wing  based an mean aerodynamic chord. 
of wing,  1.5 inches 

Reynolds nmiber of tail based on the mean a e r w i c  
chord of tail, 0.9 inch 

. The t e s t s  were made, a8 deecribed  in  reference 1, by the NACA 
wineflow method  in  which  the model is mounted in the  high-speed  flow 
over t he  wing of a P-5lD airplane. 

Model.- The semispan model equipped with a eweptback  wing and a 
eweptbaEkhorizontal tail is shown in  figures 1 to 3. Except  for  the 
wing, the d e l  was the same 88 that used far the tests  of  reference 2. 
The wings in both caaes of steel and had the same area, aspect- 
ratlo, and airfoil -119 in a plane normal to the 
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wing apan. The arrangemnt of the unswept w i n g  of references 1 and 2 i a  
shown i n  figure 3 for comparison with  the  present w i n g .  Also shown in 
figure 3 i e   t h e  unswept horizontal  ta i l  of reference 1 for comparison 
with  the  present tai l .  The unexept and  sweptback tails were also made 
o e t e e l  and had the B B ~ B  area, aspect   ra t io ,  and a i r f o i l   s e c t i o n  
&CA 6 5 ~ ~ ~  1-119 i n  a plane normal t o   t h e  tall span. The elevator  

chorda, however, were 20 and 30 percent "uf the  unswept  and  eweptback 
tails, respectively. The gecglhetric charac te r i s t ics  of the model with 
the  sweptback  wing and tail are given i n  table I. Dimensions of' a 
corresponding  full-scale  airplane  with a scale  5O:l r e l a t i v e   t o   t h e  
model are also shown In t ab le  2 in  order that the  proportions of the 
airplane may be more easily visualized. The horizontal  t a i l  uas 
arranged to permit  adjustment of t he   s t ab i l i ze r  angle and w a 8  grooved 
at 70 percent  chard so that it could be bent sharply t o  simulate 
deflect ion of the  elevator.  'The t a i l  and elevator  chards and the  
s t a b i l i z e r  and elevatar  deflections are considered  in planes normal 
t o   t h e  span of the tail. Other de t a i l8  of the model and testing 
tbchnlque are described  in  references 1 and 2. 

Teats.- The model was mounted i n  such a way as t o  permit it t o  
as8m a position of zero pitching moment aboyt the center of gravfty 
at 27 percent of the mean aerodynamic chord. Measuremnte of lift 
and angle of a t tack at trim were made with  elevatar neutral and 
s t ab i l i ze r   s e t t i ngs  of -0.20, 0.70, 1.80, 2.30, and 2.8O, and with a 
s t a b i l i z e r   s e t t i n g  of 2.3O and elevatar deflections of 2O, - 2 O ,  -3.9: 
and j.l0. 

Additianal measurements of lift and angle of at tack at t r i m  for a 
s t ab i l i ze r   ee t t i ng  of 2.8' with  elevator  neutral  were ntgtde with tran- 
s i t i o n  w i r e s  0.0025 inch in diameter mounted at  'j percent of the  chord 
on the upper and lower surfaces of the wing of the model. With the 
t rans i t ion  wires on the wing and with  transit ion w i r e 6  0.0015 inch in 
d i a m t e r  on both  surfaces of t h e   t a i l   a t  5 percent of the chord, test18 
w e r e  made with  the stabilizer set at 2.80 and with  elevator  deflections 
of Oo, "I .go, and -4.050- 

The thickness of the' boundary layer  i n  the test region was increa8ed 
by taping a t rans i t ion  thread of 0.036-inch diameter a t  5 percent  chord 
on the w i n g  of the Mu> airplane forward of the test  region. L i f t  and 
angle of a t tack at trim f o r  a a t ab i l i ze r   s e t t i ng  of 2.8O and elevator 
neutral  were thus  obtained  with  the  displacement  thickness of the boundary 
layer increased 50 percent. The boundary-layer thicknees waa measured 
by a rack of total-preesure  tubes. 

A dive-recovery  type of wing f lap   def lec ted  30° waa simulated by a 
wooden w e d g e  glued t o  the lower surface of the w i n g  as indicated  in  
f i g u r e s   l ( b )  and 4. Test6  with  this arrangement were made with a stabi-  
l i z e r  setting of 2.80 and elevator   neutral .  

7 
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4 
In order to cover a range of Reynolds number  independently of Mach 

number,  the  tests  were  made  in  three  runs  consieting of two  dives,  one at 

tude.  The  average  relation of Reynolds number at the wing Rw and  at 
the  tafl  Rt  with  Mach  number at the  wing I s  shown for the three 
altitude  conditions in figure 5. The Reynold8  nurdber  correeponding to 
a given  Mach  number in a given  nominal  altitude  range  varied  somewhat 
between  different  tests but-the variations  did  not  exceed 5 percent. The 
variation of the  Mach  number at the  tail with Mach  number  at  the 
wing 4 is shown In figure 6. The Mach number was higher  at  the  tail 
than at  the w i n g  because of the  chordwise  variation  in the test region. 
Typical  chorawise  distributions of Mach number over  the  test  region are 
shown in figure 7 for several  flight Mach numbere Mo and -1D airplane 
lift  coefficients % A small gradient of Mach  number normal to the 

P-5U) wing  surface of approximately three4ourths of 1 percent  per  inch 
(decreasing  Mach  number  with  distance  above  the w i n g  surface) also 
existed  and w a s  taken i n to  account in determining the effective Mach 
nwribers at  the  wing and tail  of the model. 

- high  and  one  at mdium altitude, and in a level-flight  run  at low alti- 

a 

Accuracx.- The probable  error  in  the  measurements *om a considera- 
tion of  the  sensitivity of the masuring instruments  is  estimated to be 
within  the  following  limits: 

L 

3 

Chrim. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  %.02 
yrim . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  w.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *.005 

m e  results of the investigation axe given in figures 6 to 18. The 
variation of lift  coefficient and of angle of attack f o r  trim with  Mach 
number  is  presented  in  figures 8 to 11 far the following  test  conditions 
of the  model: 

Figure 8: Elevator  neutral  with several stabilizer  settings. 

Figure 9: Stabilizer  set  at 2.3O with  several  elevator  deflections. 

Flgure 10: Transition wires on wfng and transition  wires an wing and 
t a i l  of model. Stabilizer set at 2 .8O with  elevator 
neu t ra l .  

Figure ll: Transition wires 017 u ing  and tail of model. Stabilizer set- 
at 2.8O with two elevator  deflections. 



6 ___. NACA RM No. L8Bl9 

Figure 12 shows the   var ia t ion of lift c m f f i c p n t  for trim with Mach 
number wi th   the   s tab i l izer  of the model set at 2.8 and elevator   neutral  
for   the   o r ig ina l   t ea t   condi t ion  and with boundary-layer t h i c k n e s s   i n c r e w d  
on the  wing of t he  P+lD airplane.  

The data shown in figures 8 t o  U are ale0 glven In figuree 13 t o  18 in 
the  following form: 

Figure 13: Variation of lift coeff ic ient  vith angle of a t t a c k  at 
several  Mach numbere. 

Figure 14: Variation of lift-curve Blope and the  angle of attack far 
zero l i f t  w i t h  Mach number. 

Figure 15: Variation of lift coeff ic ient  for trim with s t a b i l i z e r  
def lect ion at several  Mach numbere. Resul t6  of 
previously tested configuration8 of model shown f o r  
CODlp~iSOn. 

Figure 16: Variatian of lfft coeff ic ient  f o r  t r i m  with  elevator 
def lect ion a t  several  Mach numbers. 

Figure 17: Variation of lift coeff ic ient  for trim with  elevator 
d e f l e c t i o n   a t s e v e r a l  Mach numbere wi th  t r ans i t I an  
wire8 on w i n g  and tai l  of model. 

Figure 18: Variation of lift coeff ic ient  for trim with  elevator 
* 

deflect ion at several  Mach numbers, with and  without 
t rana i t ion  wires, compmed with  reeul ts  for previously 
tested configuratiane of the model. 

r. 

The variat ion of lift coeff ic lent  and angle of a t t ack   fo r  trim with 
Mach  number for the model vith and without  the wing f lap  is shown i n  
figure 19. From the data of f igures  15, 16, and 17, the   s tab i l izer   def lec-  
t ions  (e levatar   neutral)  and the e leva tor   def lec t ions   ( s tab i l izer  f ixed) 
requi red   for  trim throughout  the Mach number range have  been  determined 
f o r  an airplane of the same configuration  aa the model and are shown i n  
figure 20. Elevator trim curves axe given for conf'lgura-ons w i t h  and 
without  tranait ion wires. The wing loading w a s  taken as 50 and the  
a l t i t u d e  as 30,000 feet .  The corresponding  variation of l ift coeffi- 

the cient res 3 ts  obtained  in  reference 1 f o r  the model with unswept wing and 
ta i l  and in  reference 2 far.  the model with unewept wing  and  sweptback 
tail are included  in figure 20. + 

w i  t-h Mach  number is a l s o  e h m  i n  figure 20. For cohpari  son, 

DISCUSSION OF RESULTS 

Effects  of tsst crjnditions on results.- Subatantial   differences  in 
the l i f t  coeff ic ient  and the angle of-at tack at which the model trimmed 
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( f igs .  8 and 9 )  were obtained  f ramthe  tes ta  at difPerent   a l t f tudes 
apparently aa a result of the variat ion of Reynolds number ( f ig .  5 ) .  
This effect occurred, in   general ,  at all Mach nunibers (0.5 t o  1.02) f o r  
which da ta  at d i f f e ren t   a l t i t udes  were obtalned  except for some small 
ranges at high Mach numbers. Previous  tes ts  of the m o d e l  wlth unswept 
wing and tail (reference I) and with unswe2t wing and sweptback ta i l  
(reference 2) also indicated Repolds  number e f f e c t s  on the t r i m  charac- 
t e r i s t i c s  of the  model but   these   e f fec ts  were generally smaller than 
those for the present   t es t s .  With t r ans i t i on  wires fixed t o  the  wing ' 

of the  model, the var ia t ion of the t r i m  condition  with Reynolds nuniber 
w a s  pract ical ly   e l iminated at all Mach nunibera (compare fig.  lO(a) with 
fig. 8 ( c )  1. Although the addixian of t r ans i t i on  w i r e s  t o  the w i n g  
apparently  eliminated  the  differences  in flaw charac te r ia t ics  at the 
d i f f e ren t   a l t l t udes ,   t he   r e su l t i ng  flow probably does not represent 
full-scale  conditions.  

. .  

As i n   t h e   t e s t s  of reference 2, the  elevator of the  streptback t a i l  
w a s  inef fec t ive  a t  small deflect ions (lo t o  -30) even a t  the  lowest Mach 
numbers of the  tests ( f igs .  9 and 16). T h i s  ineffeotivenese vas apparently 
a result of the  law Reynolds nuniber because  the elevator had subs tan t ia l  
effectiveness  under  the same condltions when t r ane i t i on  wires were mounted 
on the tail of the model ( f igs .  10(b), 11, and 17). 

In view of the  foregoing results, only the   da ta  for the  highest  
Reynolds  numbers obtained at a given Mach nuniber (using only the low- 
al t i tude  level-f l ight  run and t h e   m e d i m t i t u d e   d i v e )  are  considered 
i n  the followiw  diacussion and i n   t h e   f a l r i n g  of the data except i n  the 
variat ion of lift coeff ic ient  w i t h  angle of attack which shared no COY.-+ 
s i s t e n t  effects of Reynolds number. 

No appreciable  differences i n  the charac te r i s t ics  Or the  model 
resulted  from  the 50-percent increase in  the  thickness of the boundary 
layer  over  the test region  effected by t h e   t r a n s i t i o n   s t r i p  on the wing 
of the p 5 l D  d r p l a n e  (fig. 12). This result indicates  that the normal 
va r i a t ions   i n  boundary-layer  thickness  over  the test region  did  not 
contribute appreci8bl.y t o   t h e  aforementioned  differences in the  model 
data from the  tests st the   d i f fe ren$   a l t i tudes .  

Because of the  chordwise var ia t ion of Mach n W e r   i n  the t e s t  region 
( f fg .  7), the  Mach number of the  flow at the  tail may be greater than the 
values quoted fn the  following  discussion by the amount shown in 
figure .,6. -.  IZo qprec iab le   d i f f e rence   i n   t he  Mach nmber -between the root 
and t i p  of the  wing due t o  the -meep of the wing existed,  however, 
because the spanwise vari+$ion of Mach number d h o s t  f u l l y  compensated 
for the  snall chordwise  -y&iation. It should be noted t ha t  the difference 
i n  Mach number at the wing and tail is .of .-an order of magnitude  comparable 
t o   t h e  l'rtch number range w l t h i n   w h i d h " a ~ r u ~ ~ " r ~ v e r s a l 8  In trim charac- 
t e r i s t ic  in  some Instances have been found t o  occur.  Therefore, it is 
?ossible - that  ." the   d i f fe rence ,   in  Kach number at the  wing and tail night  
result in   d i s to r t lng i  the trm -&in changes that would occur if the model 

. . . . . . . . 
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were test-ed i n  a uniform f l o w f i e l d .  If t b  .effects of the nonunjform 
flow f ie ld  are actually amal l ,  then  the  changes  in the t r i m  character- 
i s t i c s  of the m o d e l  a t t r i b u t e d   t o   t h e   e f f e c t s  of cmpress ib i l l t y  on the  
ta i l  would probabu  occur in free air a t  somewhat higher Mach numbers 
than  the values quoted. 

T r i m  with fixed controls.- The.lift coeff ic ient  and angle of a t tack  
f o r  trim with var ious  s tabi l fzer  and elevator settings (figs. 8 and 9 )  
showed a smoother and more gradual Variation  with Mach  number up to a 
Mach number of about 0.9 than either the model with unewept wing  and 
tail (reference 1) or the model with unswept wing  and  swegtbacb tai l  
(reference 2). Between Mach numbers of about 0.95 to 0.9, a sudden 
decrease  in the l i f t  coeff ic ient  and angle of a t tack  for t r i m  occurred. 
This sudden  change occurred at about the same Mach number and was of 
about  the 8- magnitude as the  t r i m  changes  encountered  with the 
unswept wing and sweptback ta i l  of reference 2. Comparison with  the 
unswept w i n g  and t a i l  configuration of reference 1 showed tha t   the  trim 
changes for the  sweptback tail canfiguration6 (present tests and t e s t x  
of reference 2) were considerably smaller and occurred on the average at 
0.05 higher Mach number. 

L i f t  results.- The s l o p  of the  lift curve  and  the ang le  of zero 
lift (fig.  14) showed smaller and more gradual variations  with Mach 
number than  the results obtained for t he  unswept wing of references 1 
and 2. 

Stabil izer  effectiveness.-  The variat ion of l i f t  coeff ic ient  for 
t r i m  wi th   s tab i l izer   se t t ing   ( f ig .  15) Indicated  that  the model had 
st ick4ixed stabil i ty f o r   s t a b i l i z e r   s e t t i n g s  of 0.7' t o  2.8O. With a 
s t a b i l i z e r   s e t t i n g  of' -0.2O, the model trinmmed at an angle of attack 
greater than 11.6O (15mit of measurements) when the Mach  number was 
increased up t o  about 0.94 (fig. 8) in t h e   h i g h d t l t u d e   d i v e .  The 
m d e l  then trimmad down and was stable f o r  Mach numbers increasing  from 
about 0.94 t o  1.07 and for Mach numbere decreasing from 1.07 t o  0.85. 
In the medium and l o w d t i t u d e  rune up t o  the highest tes t  Mach 
numbers, 1.02 and 0.94, reapectively, t h e  angle of attack for trim 
far a s t a b i l i z e r  setting of -0.20 exceeded 11.6'. In cam8 where t he  
angle of at tack f o r  trim WEIS greater then  the limit of msaswementril, 
large and violent pitching  osci l la t ions were noted at 80m Mach numbers. 
The resu l ta  for the   high4t i tude  dive  indicated  that   the   pi tching-  
moment variation  with llft coeff ic ient  was nonlineas  and t h a t  t.he model 
was unstable for some range of higher l i f t  coefficiente.  Such pitchfng- 
moment curves are character ie t ic  of  wings with too high an aspec t   r a t io  
for the  amotant of sweepback or .too large a sweepback f o r  the aspect 
ra t io   ( reference 3 ) .  The unswept-xing configurations  of  references 1 
and 2 did not  indicate such an i n s t a b i l i t y   f o r  the range of 8tabiliZer 
set t ings  invest igated (-2O t o  bo). 

Elevator  effectivenes6.- As mentioned previously, the   e levator  was 
inef fec t ive  i n  changing .the l l f t  over the   en t i re  range of Mech numbers 

P 
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t es ted   for   def lec t ions  of lo t o  -3' (figs. 9 and 16). For l a rge r  
def lect ions (-3O t o  -5') the   e levatcr  w a s  very ef fec t ive  at lar speeds 
but   s teadi ly  decreased in   e f fec t iveness  BE the Mach number w 6 8  increased 
t o  1.0. The ineffectiveness of the elevator at low deflect ions was 
apparently due to the  low Reynolds number since it wa8 eliminated by the 
addition of t r ans i t i on  wires to the t a i l  ( f igs .  10(b), U, and 17). 

Effectiveness of dive-recovery  type of w i n g  flap.-- The e f fec t  on 
the t r i m  of the  model due t o  the f lap  on the lower surface of t he  wing 
w m  not  appreciable at Mach numbere lower than 0.93 ( f ig .  19); 8 &l 
adverse  effect  vhs noted neax a M&ch number of 1.0. Although f lape  of 
almilar proportions on unswept  wings have been  found e f f ec t lve   fo r  exe- 
cuting emergency pull-oute from high-speed djvee, a sweptback configuration 
such 88 that tested  epparently would be useless i n   e f f ec t ing  a trim change. 

p i m  of fu l l - sca le  airplane,- The stabi l izer   def lect ion  (e levator  
neut ra l )   requi red   to  t r i m  an airplane of a configuration similar t o  the 
m o d e l  throughout the Mach number range investigated (fig. 20) indicated 
that the  deflection  range  required t o  trim w i t h  s t a b i l i z e r  alone was 
slightly greater than the r a g e  requi red   for   the  uriswept wing and strept- 
b w k  t a i l  configuration  (reference 2) and considerably less than that 
required f o r  the  unswept w i n g  and tail configtzration (reference I). The 
e leva tor   def lec t ion   ( s tab i l izer   f ixed)   requi red   to  t r i m  an airplane of a 
configuration similar to the  model throughout  the Mech number range 
investigated (fig.  20) indicated that the deflect ion  range  required  to  
t r i m  with  eleyator alone was slightly less than  the  range  required for 
the Unswept wing and sweptback t a i l  canffguration  (reference 2) and 
considerably lesa than that requi red   for   the  unswept wing  and t a i l  
configuratlan  (reference 1). The variat ions of s t a b i l f z e r  and elevator  
angles required fa r  t r i m  with Mach number were s t ab le  up t o  a much 
higher Mach number for the conf'iguration of the present tests than f o r  
the unswept  wing t e s t s  cxf referencea 1 and 2. It should  be  noted  that 
these  comparative results m e  s u b j e c t   t o  some uncertainty  becauae of the 
difference in the Mach number at the wing and tai l  of the model and the  
differences  in  Reynolds number effects   noted between the   p resent   t es te  
and the tests of references 1 and 2. 

The results of NACA xing-flow tests of the long i tud ina l   s t ab i l i t y  
and con t ro l   chqac te r i s t i ca   i n   t he   t r anson ic  apeed  range of a semlspan 
airplane model having a heptback wing and t a l l  axe summarized and 
compared1 w i t h  prev1ous"tests of the same m c d e l  equipped f i r s t  with an 

.. . 

'It should be noted that   th is   carpar iaon is subject t o  some unc0r- 
t a i n t y  because of differences in  Reynolds number effects   noted between tfie 
present and previous tests and because of the difference in Mach number a? 
the  flow at the w i n g  and tail of the  model. 
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unswept wing and t a i l  and second with an mewept wing and sweptback tai l  
ae  follawe: 

1. Reynolds number e f f ec t s  on the trim character ie t ics  of the mdel 
were, in   general ,  greater than those noted in  the previous tests.  - 

2. A smoother and more gradual  var ia t ion & the lift coef f lc ien t  
and angle of a t t ack   fo r  trim with Mach nwber with fixed controls up t o  
a Mach number of about 0.9 was obtained than wi th   t he   cd igu ra t ions  
previously tested. A t  higher Mach numbers a sudden decrease in the lift 
coefficient and angle of at tack for t r i m  occurred at about  the sams Mach 
number (0.95 t o  0.9) and was of about the  same magnitude as the  trim 
changes  encountered  with  the unswegt wing and sweptback ta i l  canflguraticn. 

3. The var ia t ion of lift coeff ic ient  fo r  t r i m  wi th   s tab i l izer  
set t ing  indicated that the.mde1 had s t i ck - f i r ed   s t ab i l i t y   fo r   s t ab i l i ze r  
s e t t i ngs  of 0.7' t o  2.8O, but wae unatable for a s t ab i l i ze r   s e t t i ng  of 
4 . 2 O  over most of the Mach number range. No such i n s t a b i l i t y  was indi- 
cated in the previous t e a t s  over the ran@ of s t ab i l i ze r  deflections 
t es ted  (-2' t o  4'). 

4. AB i n  the teats of t h e  unewept wing and sweptback tail cmfigu- 
ra t ion,   the   e levator  was ineffect ive a t  low deflections (1' t o  -3O) over 
the entire Mach number range, probably as  a r eeu l t  of the low Reynolds 
number of the t ee t e .  The change i n  trim obtained by deflect ing  the 
elevator f'rm -3O t o  -5O was large at  low speeds but  decreased steadily 
with increase  in  Mach number t o  1.0. 

5.  A meptback f l a p  on the lower surface of' the wing (eimllar t o  
a dive-recovery f l a p  on an unswept wing) was found t o  be inef fec t ive   in  
changing the trim of the model at Mach numbers up t o  about 0.95. A t  a 
Mach  number af about 1.0, a small adverse effect w a s  noted. 

Langley Memoria l  Aeronautical  Laboratory 
National Advisory Committee for Aeronautics 

Langley Fie ld ,  Va. 
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TABLE I 

NACA RM No. L8B19 

GEOME!TRIC CHARACTERISIIICS OF MODEZ AND 

CORRESPONDING FULL-SCALE AIR- 

Wing : 
Secttan ( n m  t o  epm)' . . . .  NACA 65(u,)-110 

Chord . . . . . . . . . . . . . . . . .  1.50 in.  
Area (of semispan wing). . . . . . . . .  6 eq in .  
Aspect ratio . . . . . . . . . . . . . . . . .  5.33 
Taper ratio. . . . . . . . . . . . . . . . .  1 :l 
Incidence. . . . . . . . . . . . . . . . . .  .2O3O' 
Dihedral . . . . . . . . . . . . . . . . . . .  Oo 
Sweepback. . . . . . . . . . . . . . . . . .  .45O 

s8miSpi3II . . . . . . . . . . . . . . . .  4.00 in. 

. .  

Horizonta l  tail: 
Section (namal  t o  span) . . . .  NACA 65(112)~08 
~emiepan . . . . . . . . . . .  .' . . . .  1.66 a. 
chord . . . . . . . . . . . . . . . . .  0.94in. 
Area (of seniispan tail). . . . . . . .  1.54 sq in .  
Aspect r a t i o  . . . . . . . . . . . . . . . .  3.5 
T a p e r  ra t io .  . . . . . . . . . . . . . . . .  1:l 
Chord of elevatm. . . . . . . . . . . .  0.28 in. 
Sweepback. . . . . . . . . . . . . . . . . .  45O 

Fuselage length . . . . . . . . . . . . . .  .7.97 in .  

Maximum fuselage diameter . . . . . . . . .  .1.20 in .  

~ ~ s e l a g e  finenem ratio . . . . . . . . . . . .  6.64 

T a i l  le- (c.g. t o  one-fourth 
M.A.C. of horizontal  tail) . . . . . . .  .4.29 i n .  

Location of' center of gravity . . , 27 percent M.A.C. 

NACA 65p12)-110 
16 ft 8 in.  

75.0 in. 
104 sq ft 

5.33 
1: 1 

2O30 1 

O0 
45O 

33 f t  2 in .  

60 in. 

6.64 

17 ft i0 in. 

27 percent M.A.C. 
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(a) Side view. 
Figure 1. - Semispan airplane model. 

w 
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(b) Bottom view showing sweptback wing flap. 

Figure 1.- Concluded. - ul P 

.. 





. .  , 4 

Figure 2.- Semispan airplane model mounted above wing of P-61D airplane. Reference vane 
in foreground. "37 - 

. .  
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T- 
Figure 4.- Detail of semispan model shmig location of sweptback wing flap. W dimensions 

are in inches. 

$ 
. . . . . . . 

. .  
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Figure 5.- Variation of Reynolds number of wing and Reynolds 
number of tail with Mach number for  tests at three ranges 
of altitude. - . . ." 



Figure 6. - Relation of Mach number at tail Iv+ to Mach number 
at wing %. 

.. . 
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Figure 7. - Variation of local Mach number with distance along 
P-51D wing surface for  several airplane lift coefficients C 

a and airplane Mach numbers Mo. Chordwise location of model 
La 

also shown. 



24 NACA Rt4 Bo. L8Bl9 

.8 

.4 

-. 4 

-.a 

8 

8-. 

-4- 

-8 
, .  M W  

(a) 4 = "0.2~. 

. 

Figure 8. - Variation wi th  Mach numher..of lift coefficient and angle 
of attack fo r  trim for several stabilizer settings. 6e =, Oo." 
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(c) a, = -3.9O. (d) -6.1'. 
Figure 9.- Concluded. 



(a) Transition a ims on wing of del. (b) TranslUon wlairee on wing and tail 
of model. 

. . .. - .. . . .  - . .  .. . 
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M w  
(a) Altitude, 28,000 to 21,000 feet. 

MW 

(b) Altitude, 18,000 to 10,000 feet. 

Mu 
(c) Altitude, 5,000 feet. - 

Figure 12. - Variation with Mach number of lift coefficient for trim 
with original test condition and with boundary-layer thickness 
increased on wing of P - ~ D  airplane. ft = 2S0, 6e = 0'. 



.- . . . . . . . -. . . . . . . .. . . . . . . . . . . . . . . . . . . - 

(a) = 0.80. @) B$I = 0.76. 

(e) = 0.89. (f) = 0.97. 

(c) % M S .  (d) = 0.90. 

. .  . . .  
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Figure 14. - Variation wi th  Mach number of slope of trim lift curve 
and angle of zero lift. 
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(a) hap = 0.60. 

-4 . 
L t )  dey 

(h) = 1.06. 

Figure 15.- Variation of Lift coefficient for trim with stabilizer setting for various Mach 
numbers and 6, = Oo. Results for -wept tail of referenee 1 and for sweptback 
tail of reference 2 shown for camprison. 
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(a) = 0.80. 
A l t i t u d e  
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Figure 16. - Variation .of Uft coefficient for trim with elevator deflection for various 
Mach numbers. 4 = 2.90. 
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Q 5 ;  000 

G - 8 -3 0 4 

(g) = 1.00. (h) % = 1.05. 

Figure 16.- Concluded. 
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Figure 17.- Variation of lift coefficient for  tr im with elevator deflection for various Mach 
numbers. Transition wires on model wiug and tail, it - 2.8O. 
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(e) I& = 0.93. 

.4 

0 

.4 

-8 - 4  0 4 
/ d e 9  

(g) = 1.00. 

Figure 17.- Concluded. 
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(a) % = 0.60. 

0 + 
(c) % = 0.86. 

Flgure 18.- Vu@on of Ilft coeftlclent for trim wlth  elevator deflection for various Mach 
numbers. Comparlson of data from present tests without transltlon wires (4 - 2.3') 
and with transition wires on model wing and tail (4 = 2.8O) with data for sweptback 
tail from reference 2 (4 - 3.7') md for w e p t  tall reference 1 (it = 4.0°). 
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(e) = 0.93. 

(9 )  M, = 1.00. 

” 
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Figure 18.- Concluded. 
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(h) % = 1.03. 
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(a) Altttude, =,a00 to 21,aoO feet. 
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M w  
@) Alffm, 18,000 to 10,d f e e t  
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W i t h  f lap 
Wi fhauf  flap 
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Figure 20. - Variation with Mach number of stabilizer angle and 
elevator deflection required for  trim in level flight at altitude 
of 30,000 feet and wing loading of 50. Lift coefficient for level 
flight also shown. Results for model with -wept wing and 
sweptback tail from reference 2 and for m3del with unswept 
wing and unswept tail  from  reference 1 shown for comparison. 




