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An investigation has been  conducted Fn the Langley free-flight 
tunnel t o  determine the aynamic l a t e ra l  stability and control  character- . 
i s t i c s  of two configurations of a model of a fighter  airplane without a 
horizontal  tail,  one with a single   ver t ical   ta i l  mounted on the fuselage 
and the  other with twin t a i l s  of about the same tail volume mounted on 
the wing. The results of the  investigation  hdicated generally similar 
flight  characteristics for the two configurations. 

Interest has recently been shown by &*craft designers in the 
relative  merit of single and twin vertical-tail  configurations an 
fighter  airplanes  with sweptback w i n g s  and without a horizontal tail. 
An investigation has therefore been  conducted in the Langley free-flight 
tunnel to compme the dpamic  la teral   s tabf l i ty  and control  character- 
i s t i c s  of twu configurations of a model of such an airplane, one with a 
single  vertical ta i l  mounted on the rear of the fuselage and the other 
with twin ver t i ca l  tails located approximately halRray out on the wing 
Semispans. The . t w o  t a i l  configurations had about the same t a i l  volume. 
The model used. in the  investigation had a wing with 350 sweepback of the 
quarter-chord line, &ZL aspect r a t io  of 3, and a t a p r   r a t i o  of 0.65. 

I 

The present  investigation  consisted of force  tests to determine the 
s ta t ic   s tab i l i ty  and aileron  control  characteristics of the model with 
the two tail configurations and f l igh t   t es t s  t o  determine the dynamic 
s tab i l i ty  and the controllability of the model wlth the two t a i l  
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configurations.  Flight t e s t s  were a l s o  made t o  determine the effect of 
decreased directional  stabflity on the f a  characteristics of the 
model. 

SYMBOLS 

S wing mea,  square fee t  

F mean aerodynamic chord, feet 

b w i n g  span, feet  

St  vertical-tail  area, s w e  feet 

I t  t a i l  length ( l o n g i t u w  distance from center of gravity 

v airspeed, feet  per second 

9 .  dynamic pressure, pounds per square foot 

P air  density, slugs per cubic foot  

to 4 4  of v e r t i c d  t a i l ) ,   f ee t  

a angle of attack of fuselage  center  line,  degrees 

B angle of  sideslip, degrees ( -q) 

JI angle of yaw, degrees 

cp angle of m u ,  degrees 

CL l i f t  coefficient ( -z/~s) 
CD d ~ a g  coefficient (-X/qS) 

C, . pitching-moment coefficient (M/qSC) 

CY Iatera-force  coefficient ( Y / ~ s )  

Cn yawing-mmerit coefficient ( ~ / q ~ b )  

* .  
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C2 rolling-moment coefficient ( ~ / q ~ b )  

z normal force, pounds 

'X longitudinal  force , pounds 

M pitching mment, foot pounds 

P l a t e ra l  force, pounds 

El ;yawing moment, foot pounds 

L ro l l ing  moment, foot pounds 

CYB rate of m e  of lateral-f orce  coefficient with angle of 
s ided ip  in degrees (aCyIap) 

. ra te  of change of yawing-moment coefficient  with angle of 
sideslip in  degrees (&/&) 

rate of change of roU-iBg-moment coefficient with &e of 
sideslip in degrees (iXz/af~ 1 

Suhscripts: 

I 

r right  control  surface 

2 lef t   control  Bullface 

The investigation was comTucted in  the Langley free-flight tunnel 
which i s  designed to test free-flying dynamic models. A description of 
the tunnel and the testing technique is presented in reference 1. 
Force t e s t s  t o  determine  the s t a t i c  aerodynamic characteristics of the 
model  were made on the Langley  free-flight-tunnel sfx-component bdance 
which is described in  reference 2. 

Three-view drawlngs of the model comf'igurations used in the 
investigation &re presented in figures 2 and 3 and photogreghs aze 
given in figure 4. Table I presents the dimensional and mass character- 
i s t i c s  of the desfgn. 
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The wing of the model had a moaf led Rhode St. Genese 35 a i r f o i l  
section. The use of this section i s  in accordance with  the Langley 
free-flight'.tunnel  practice of using an a i r fo i l  that will at ta in  a 
reasonable.maxhum l i f t  coefficient at lbw Reynolds  nuuibers. The wing 
m s ' s e t  at Oo Fncidence wlth  respect to  the  fuselage  center  line and 
the  control  surfaces on the wlng were s e t   a t  an'qward deflection t o  
bdance out. the  pitching moment due to camber.  The control  surfaces 
were deflected  in  opposite  directions from t h i s  trim setting f o r  aileron 
control and in the sme  direction for elevator  control. The tails were 
bui l t  in several  sections, as shown in figures  2 and 3, in order that 
the directional  stability of the model could be easily reduced by 
r m v i n g  the various  sections. 

A comparison of the gebmetry of the two different tail configura- 
tions can be obtained fram figures 2 and 3 and from table I. Ln 
estimating  the t a i l  polume (StZt) of the twin tails, the area of the 
landhg-gear  fairi,ngs..located under the wing was neglected  since this 
area is  a low-a$pect-rstio, .rounded surface which probably contributes 
very l i t t l e  t o  the directional  stability, except  possibly at large yaw 
angles. On this basis, the total   area qf the twin tails i s  about 
55 percent p e a t e r  than that of the single t a i l .  The single tail, how- 
ever, has a t a i l  length 55 percent  'greater  than that of the twin tails 
so that its tail volume is about equal to   tha t  of the twin tails, The 
aspect r a t i o  of the  single tail was a p p r o x l t e l y  10 percent greater 

, than that of the twin t a i l s .  

TESTS 

Force t e s t s  w e r e  made t o  determine.the s t a t i c  lateral. s k b i l i t y  
characteristics of  the model for  the single-tail, t w i n - t a i l ,  and t a l l -  
off configurations. Rolling and  yawlng moments produced by aileron 
deflections and basic  longitudtnd  stability  characteristics were a lso  
determined f o r  the two t a i l  configurations. 

All .force t e s t s  were run at a dyn8mic pressure of 3.0 pounds per 
square foot, which corresponds t o  an airspeed of about .34 miles  per 
hour at  stadard sea-level  conditions and a Reynolds number 
of 420,000 based on the mean aeroaynamic chord of 1.3 feet. All forces, 
and moments for the model are  referred t o  a center-of-gravity  position 
a t  0.20 mean aemaynamic chord and a t  a vertical.  position of 0.018 mean 
aerodynamic chord above the f'uselage  center line. 

Flight  testwwere made t o  determine the  effect of t a i l  configura- 
tion on the dynamic stability and controllability  characteristics of 
the mdel. The effect of reducing the  directional  stability was also 
studied. The flights were made at a l i f t  coefficient of approximately 0, 



NACA RM LgJ07a 5 

and with a s t a t i c  margFn (-& &L) of about 0.16. The mass .character- 

loading. was used t o  m-lnimize damage to the model in crashes. 
i s t i c s  were approxb te ly  as mho s w n  in table I. A relatively light wing 

.. 

RESULTS AND DISCUSSION 

Force Tests 

The results of force tests made t o  determine the static  longitudi- 
nal and lateral   stabil i ty  characterist ics of the model q e  presented in 
figure 5 t o  7. The differential setting of the ailerons indicated on 
the  figures corresponded to the flight-test trlm conditions which were 

' necessary  because of asymmetry of the model. due t0 wa3.p- and deforma- 
tion  resulting from crashes. 

The clats'presented in figure 5 .show that the model had about the 
same drag and l o n g i t u W  stabil i ty characteristics with either tail 
configuration but that the l i f t  coefficient was generally slightly 
higher f o r  the  single-tail  configuration. This can probably be 
accounted for  by the  difference in the'interference  effects on the wing 
f o r  the two configurations. 

. .  

. The variation of the lateral coefficients with  angle of y a w  
(fig. 6) i s  e s s e n t i u y  linear over a range of yaw m e s  from 20' 
t o  -20° f o r  either  the twin or single tails or tail off at CL = Ipo, 
which corresponds  approximately t o  the angle of attack. of the mde l  i n  . 
the flight tests .  The m i a t i o n  of  t he ' l a t e rd - s t ab i l i t y  pareme- 
ters -cZp, cnp, and -Cyp with lie coefficient f o r  the model with 
tails  on and off is  presented in 'figure 7. These parameters were 
obtained from force  tests made at  9 and .-5O yaw. The values of Clla 
were larger f o r  the single tail than for,  the t w i n  tails. hasmuch as 
the t a i l  volumes of the two configurations were about the same, t h i s  
difference is probably due t o  the fact that the  aspect r a t i o  of the 
single t a i l  was s e a t e r  than that of the twin tail.  With the t a i l s  
removed the model had a posftive value of directional  stabil i ty 
at the higher lift coefficients. The effectlve-dihedral parameter -CzB - .  
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The results of  aileron  effectiveness  tests ma& a t  OG = 12' 
with 15O deflection of each aileron (which corresponds t o  the  deflections 
used in the flight tests) are  presentea in the following table: 

Configuration 

Single tail 0.0045 

m tails 

These data show that  the  aileron rol l -  moment was somewhat lower f o r  
the t w i n  t a i l s  than f o r  the  single tail. The aileron y-aa moment was 
small and favorable f o r  each tail.  configuration,  apparently because of 
the initial upward setting of the  surfaces,  asd was relatively 
unaffected by ta i l  configuration. 

Flight Tests 

The results of  the flight tes t s  sh&d that the  vertical-tail 
configuration had verg l i t t l e  effect on the general  flying  character- 
i s t i c s  of  the model. With either the twln-tail o r  single-tail   mange- 
ment the model  was easy to  fly. Oscillations  resulting from normal 
control or gust  disturbances were small and well damped.  The model 
could be controlled a8 well wlOh ailerons  done as with coordinated 
aileron C d  rudder control except in cases where the model was rather 
violently  disturbed either inadvertently o r  intentionally. In these 
cases, recovery was effected more easily when the rudder was used i n  
conjunction with the  ailerons. ' 

The flights made with the  directional-stabil i ty  pameter 
reduced progressively from a large  positive value to a &mKU negative 
value, by  removal of tail sections,  indicated that the  directional 
s tab i l i ty  could be reduced considerably  before any effect was noted. 
(See fig.  8.) With f a i r ly  small positive values of---Cw the model 
was mre  easily  disturbed in  yaw and was more diff icul t  t o  control 
once it was disturbed. Even with  the tails removed, however, f a i r ly  
good flights were obtained and it was diff icul t  to disturb  the model 
sufficiently by abiwpt aileron  deflection t o  cause the model t o  become 
uncontrollable. 

cnB 

The flying characteristics of a model with such low directional 
s tabi l i ty  &re usually  unsatisfactory because of large-amplitude y-awing 
motions which are excited by the adverse aileron yawing moment esd the 
y-axhg moment due t o  rolling  velocity. When the effective dihe- 
dral ( -C 28 ) is  moaerate or large, thi~ adverse ya*g produces 1mge 

I 

I 



NACA RM LgJO7a 7 

ro l l i ng  moments which t e d   t o  counterac5 the  aileron ro l l i ng  moments 
and thereby make the f w g  characteristics even m r e  unsatisfactory. 
Zn the present  investigation, however, flights were obtained with 
approxdte ly  zero directional stabiliw and a  moderately large  value 
of -C 2 (0.0015) apparently because the  disturbing yam -moments due 
to aileron  deflection and rollin@; velocity were very small. The force- 
test results of figure 7 indicate that with tail off the model had 
negative CnS a t  the flight lift coefficient (0.6), but fa i r ly   sa t i s -  
factory  flights were obtained. 'Although  these results might w e a r  to  
be in  disagreement, it i s  theoretically  possible f o r  no directional 
divergence t o  exist  even when Cnp is  s l ight ly  negative,  especially if 
the effective -CZ@ has a *derate- Mge  pos i t ive  value as 
it has i n  the present  case. I 

B 

During the tail-off flight tests the lift coefficient was  reduced 
from about 0.6 t o  0.5 and it beceme impossible t o  fly the model because 
of directional  instability. This result substantiated the force-test 
results which &wed a  decrease in directional stability with decreasing 
lift coefficient. 

The results of the  investigation t o  determfne the. aynamfc lateral 
s tab i l i ty  an& control  characteristics of a model without a horizontal 

- t a i l  and equipped either  with a single  vertical tail mounted on the 
fuselage o r  with twin tails of about the same tail volume mounted on 
the wing indicated  generally simflar f l igh t  behavior f o r  the two con- 
figuration's . 

.. 

Langley Aeronautical  Laboratory 
National Advisory Cammittee f o r  Aeronautics 

Langley Air Force Base, Va. 
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Weight. W. l b  . . . . . . . . . . . . . . . . . . . . . . . . . .  9.1 
W i n g  loading. W/S. lb/sq f t  . . . . . . . . . . . . . . . . . . .  1.83 
Relative-densitg factor. (Massjpsb) . . . . . . . . . . . . . . .  6.78 
Center-of -graviw Location. percent M.A.C. . . . . . . . . . . .  . 2 0  

Moments of inertia lapprox.1 
About x-axis. elug-ft2 . . . . . . . . . . . . . . . . . . . .  0:u 
About Y.&s. 81ug-ft2 . . . . . . . . . . . . . . . . . . . .  . LB 
About Z.&S. . . . . . . . . . . . . . . . . . . . .  . 29 

Ratio of r&us of gyration to wing span Capprox . 1 
X . d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.19 
Y”s . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .22 
z . e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .29 

wiQ3 
Airfoil -section . . . . . . . . . . . . .  Modified Rhoae Bt . Genese 35 
Area. eq ft . . . . . . . . . . . . . . . . . . . . . . . . .  4.26 

Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  3.00 
Sweepback of  quarter-chord Ilne. deg . . . . . . . . . . . .  35 
Incidence. deg . . . . . . . . . . . . . . . . . . . . . . . .  0 
D i h e d r a l .  &eg . . . . . . . . . . . . . . . . . . . . . . . .  0 
Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . .  U.65 
Washout. deg . . . . . . . . . . . . . . . . . . . . . . . .  0 
M.A.C., ft . . . . . . . . . . . . . . . . . . . . . . . . . .  1.3- 
Longitudhal  distance between leading edge M.A.C. and 

f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  3.88 

le-g edge root chord. ft . . . . . . . . . . . . . . .  0.696 
Root &ora. f t  . . . . . . . . . . . . . . . . . . . . . . . .  1.60 
Tip chord. ft  . . . . . . . . . . . . . . . . . . . . . . . . .  0.967 
Distance from nose ta leading-edge root chord. ft . . . . . .  0.946 

Elevators an& ailerone 
kea.  percent wing area (one) . . . . . . . . . . . . . . . . .  -9.7 span. percent s d s p a n  (one) . . . . . . . . . . . . . . .  43 
Chord. percent wing chord (inboerd end) . . . . . . . . . . . .  22.9 
Chord. percent wing chord (outbwrd end) . . . . . . . . . . .  29.2 

V e r t i c a  tails (twin) 
kea .  sq ft (total ne-cthg  “gear-fe- 

Area. sq  ft (totd including -.gear .fair% 

Tailspan. f t  . . . . . . . . . . . . . . . . . . . . . . . .  0.75 

T& length. ft (center of grad* to  tail ~ / 4 )  . . . . . .  1.09 
T& volume (Sttlt) (area above wing o m )  . . . . . . . . . .  1.08 

. . . . . . . . . . . . . . . . . . . . . .  area under ~ingj 0.99 

area under xiagj . . . . . . . . . . . . . . . . . . . . . .  1.16 

Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  1.13 

ver t ical  ta i l  (singLe) 
Area. s q  ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.64 
Tail spa. f t  . . . . . . . . . . . . . . . . . . . . . . . .  1.20 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  0.875 
Tail length. ft (center of gr&G t o  tail E / k )  . . . . . .  1.69 
Tail volume (stzt) . .. . . . . . . . . . . . . . . . . . . . .  1.08 

I 

I 
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Figure 1.- The stability  system of axe8. Arrows  indicate  positive . 
directions  of moments and forces.  This system  of axes is defined 
as an orthogonal system having  its  origin at the  center of gravity 
and in which the 2-&s fe in t h e  plane of symmetry and perpen- 
dicular  to  the  relative,wind, the X-axis is in the  plane of 
eymmetry and perpendicular to the Z-axis, and the Y-axis  is 
perpendlculaz  to  the  plane of eyrranetry. 
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PARTING LINES FOR 
REDUCTION O F  TAIL 

! 
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Figure 2.- TCwln-tail configuration of fighter airplane model. ( A l l  
dimensims &re in inches unlees otherwlse noted.) 
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PARTING LINES FOR 

AREAS 
REDUCTION OF TAIL 
PARTING LINES FOR 
REDUCTION OF TAIL 
AREAS 

I 

I 

Figure 3.- Single-tail configuration of fighter sirplane m d e l .  (All 
dfmensions are  in IncheB unlese. otherwise noted.) 
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Figure 5 . -  LongitudFnal characterietice of f i a t e r  airplane model. 
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Figure 6 .- Lateral  characterietics of fighter airplane model. a = 12'. I 
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Figure 7.- Static lateral stability  characteristics of fi&ter ah"plane model. 



20 

- .001 

Increased yawing and slower t o  return. Increased  ywcbg and dower to  return. - 
- 
- 

~arge angles ;Yaw when fiEturbi!d. Large angles of yaw when dieturbed. 

yawed position. . yawed position. 
SopnetimeS impOEEibh to reCOvS frOm Sometimes impossible t o  recover from 

Sairly good flights until yawed, then model uauelly 
became uncontrollable. IT0 noticeable adveree yawing 
in  aileron rolls. 

Figure 8.- Effect on flight  characteristics of progreeeively reducing 
the-directional atability  for both configurations. 
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