
j! c 
c 

6 

_ -  - ->- 

. .  
e*/ 

RM L51ToB 

RESEARCH MEMORANDUM 
EFFECT O F  VERTICAL LOCATION O F  A HORIZONTAL TAIL ON THE 

STATIC ~~ONGTUDINAL STABILITY CHARACTERISTICS OF 

BACK-WING - FUSE LAGE COMBINATION 

OF ASPECT RATIO 8 AT A REYNOLDS 

NUMBER OF 4.0 x lo6 
y Rein0 J. Salrni and William A. Jacques 

Langley Aeronautic 
Langley Fie ~ ~ ~ ~ ~ A T I O ~ !  r".NCEtLE 

b- :))" A& *". C i t B ~ ~ ~ p i  

E: .-h-"-$yL?pZ """_ -*See ------- 
- "-2QJ"y-$ "__" "_ "" 

C" 
"-" """_"" - "" """"" 

~ ~ ~ t b , m ~ D . s r m s o L r m m ~ a a m t u ~ t h s m s a n f n D  
~ , ~ ~ , U X . G , ~ ~ S ~ ~ ~ ~ ~ o r ~ n ~ ~ ~ ~  parsolrla-wIprp. 

NATONAL ADVISORY COMMITTEE 
. .  " .  FOR AERONAUTICS 

WASHINGTON 



.T MACA RM ~ 5 ~ 0 8  - 

RATIONAL ADVISORY - -CObMTTEE -FOR A E R O ~ ~ I C S  

MENORAlDUM 

EFFECT OF VERTICAL LOCATIOlB OF A HORIZOmTAL TAIL ON THE: 

STATIC .LONGIT"DIMAL STABILITY  CHARACTERISTICS OF 

A 450 SWEPTEACK-WING - FUSELAGE CCMBINATION 

OF ASPECT RATIO 8 AT -A REXNOLW 

NUKB3R OF 4.0 X lo6 

. By Rein0 J. Salmi and William A. Jacques 

c An experimental  investigation of the.  effects of a horizontal t a i l  

* i s t i ca  of a wing-fuaelage combinatfon of 45O sweepback and aspect  ratio 8 
- i n  various  vertical  positions on the  longitudinal  stabil i ty -character- 

w a s  made i n  the Langley 19-foot  preseure  tunnel. The tests w e r e  made a t  
two w i n g  incidence  angles and with  various  high-lift and stall-control 
devices at a Reynolds number of 4.0 x 10 6 and a Mach  number of  0.19. The 

- horizontal t a i l  wae tested at  four vertical  positions. 

I 

The  results of the investigation  indicated  that  the  stabilizing 
influence of the ta i l  varied with the distance of the t a i l  from the 
extended wing-chord plane in a manner similar t o   t h a t  obtained on pre- 
vious investigations of sweptback-wing  models of lower aapect ratio;  
that is, the t a i l  effectiveness through the  high  lift-coefficient range 
increased when the t a i l  wae located just below the extended wing-chord 
plane,  but 88 the t a i l  height above the wing-chord plane w a s  increased, 
the tail  effectiveness  decreased  through  the  high  lift-coefficient range. 
At the highest  position  teeted, the tail 'waa  destabilizing in the  high 
l if t-coefficient range. AB a resu l t  of  large improvements i n  the  stabil-  
i ty   in   the  'h igh  l i f t -coeff ic ient  range obtained w i t h  leading-edge. f l a p s  * 

&d fences , favorable  over-all pitching-moment characteristics were 
obtained  -through  the  high  lift-coefficient range with and without  trailing- 
edge f l a p  when the tail w a s  located- -0.060 semispan below the eirtended 
wing-chord plane, and only small unstable variations were obtained  with 

I a tail height of 0.140 semispan. 

I 
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The design infomation  necessary  to evaluate optaum  configuratione 
for high-subsonic-speed  long-range airplanes  has been  extended t o  include 
a 45' sweptback wing of  aspect  ratio 8 (references 1 and 2) .  This wing 
is i n  a previously  unexplored  aspect-ratio  range' fo r  highly sweptback . 
wfngs . .. .. 

Previous investigations of sweptback-wing configurations  (refer- 
ences 3 and 4) have shown tha t  the effectiveness  of a horizontal t a i l  
is influenced  greatly by the vertical position of the 'horizontal t a i l  
relative t o  the wing wake.  It was also indicated that the  Increme  in 
the  effectiveness of a hor izonta l   t a i l  a t  -high lift coefficients, when 
it is located in the  proper  position, can be advantageously used t o  
counteract  the inherent in s t ab i l i t y  of  highly sweptback-wing - f u ~ e l a g e  
configurations of moderate  and large aspect  ratios. 

I 

The present  investigation was made, therefore,   to determine the low- 
speed s ta t ic   longi tudinal   s tabi l i ty   chamcter is t ic8 of  the 45O sweptbaik 
wing of aspect  ratio 8 in combination with a -elage  and a horizontal 

tail.  The tests were made a t  a Reynolds nmber  of 4.0 X 10 and a Mach 6 
number of 0.19 fo r  four tai l  positions and various  flap and stall-control a . 
configurations : 

I 

SYMBOIS 

S 

- 
C 

C 

lift coefficient (Y) 
about 0 . ~ 3  

wing area 

tail area 

mean aerodynamic chord 

wing chord 
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Y 

9 

P 

V 

% 

E 

(r 

w i r i g  span 

lateral  distance from plane of symmetry 

free-stream dynamic pressure (F) 
mass density of air 

free-stream +loci ty  

dynamic preeeure at t a i l  

downwash angle,  degrees 

angle of attack of wing 

att angle, of a t tack of t a i l  

dC mt 
da 
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. 
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ra te  of change of pitching-moment coefficient  with 
l i f t ' coe f f i c i en t  

- 3  

I 

I 

ra te  of c h g z  of damwash angle  with angle of  attack 

tail effectiveness parameter 

ra te  of change of pitching moment  due t o  t a i l  with 
angle of attack - .  

lift-curve  slope of isolated tail, 0.055 per degree 
"_ 

t a i l  length,.  'distance f r o m  0.25c of wing t o  0.25 of tail 

r a t e .  of  change of pitching moment w i t h   t a i l  incidence 
angle 

value of C, at zero wing l i f t  
. , it -.. I 



4 - NACA RM L31JO8 

A 

it 

(trim) 

Z 
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Subscripts : 

wing incidence  angle  referred  to  fuselage  center  line, 
positive when t r a i l i n g  edge is down 

tail incidence  angle  referred t o  wing-chord plane, 
positive when t r a i l i n g  edge ts down 

t a i l  incidence  angle  required  for  zero  pitching moment 

t a i l  height, measured normal t o  wing-chord plane 

t a i l  eff ic iency  factor ,   ra t io  of:- ( C mit)o of any t a i l  

posi t ion  to  00' 
(Cm,>0 

for  high tail position ( z  = 0.300 8) 
with wing flap8  neutral and, a = 0' 

e effective  value,  based on force data 

t . t a i l  

mEuc 

I 

MODEL 

The geometric character is t ics  of the model are shown in  figures 1 
and 2. The wing was swept  back 45O at the  qwter-chord  l ine and had 
an aspect  ratio of  8. The wing was. conetructed of a steel- core  wfth an 
outer layer consisting of an a l loy  of bismuth and t i n ,  which was con- 
toured t o  provide W A  631A012 airfoi l   sect ions  paral le l   to   the  plane of 
symmetry. The wing had no twist or  dihedral. The circular.  fuselage was 
made from laminated mahogany and was finished  with lacquer. Interchange- 
able fuselage blocks  allowed  the wing t o  be s e t  a t  e i ther  Oo o r  bo 
incidence . 

The horizontal t a i l '  was swept  back 45' a t  the  quarter-chord'  line 
and  had an aspect  ratio of 4.0. The t a i l  was machined from aluminum t o  
provide NACA 631A012 sections  parallel  t o  the  plane of symmetry. The t a i l  
w a s  mounted on the  fuselage by means of a th in   s tee l   pos t .  

- 
! 

I 
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The leading-edge and trailing-edge  flaps. and the wing fences were 
made from ,sheet   s teel  and mahogany. &.tails of  the  flaps and fences 
and their '   locations are sham in figure 2. 

TESTS 

The t e s t s  were conducted . i n  tke Langley 19-foot preasure  tunnel  with 
the air .compressed t o  approxfmately 33.5 pounds 'per squaFe inch,  absolute. 
The &ta were obtained a t  Reynolds  numbers of 4.0 x 10- 6 .  with a corre- 
sponding Mach number o f  0.19. Figure 3 shows the model  mounted  on the 
three-support  system fn the  tunnel. 

The aerodynamic forces and moments were measured through an angle- 
of-attack range from -2O t o  30° for the various combinations tested. 
The tes t s  were made at two values of wing incidence.  For 0' wing inci- 
dence, t a i l  heighte of 4.5-percent and 14.0-percent semispan from the 
elrtended wing-chord plane were used. For k0 incidence of the wing, t a i l  
.heights of -6.O-percent, 14.0-percent, ana 30.0-percent semispan were 
tested (see fig. 4). The tail w a s  tested at incidence  angles of approxi- 
mately Oo, -bo, and -8' for a l l  t a i l  positions, and in  the  case  of 
z = -6.0-percent semispan, additional t a i l  Incidence angle of -12' 
was tested. The tests were made for varioue combinations of leadfng-edge 
flaps, split flaps, and fences. Figure 5 may be used as a guide to   the  
various combinations tested. 

As an aid t o  subsequent  analysis of the data, the t a i l  wa8 - tes ted 
independently at a Reynolds number of 2.26 X 10 6 which corresponds t o  a 
wing  Reynold8 nmber of 4.0 x 10 6 . 

REDUCTION OF DATA 

The data presented  herein  ha&? been reduced t o  standard nondimen- 
s iona l  forni and have been corrected  for  air-stream mfsalinement,  support 
tare and Fnterference  effects, and jet-boundary effects. The jet-  
boundary corrections  to  the  angle of attack and pitching-moment cwf- 
f ic ient  were obtained by the method of reference 5. 

Effective values of downwash angle and dynamic-pressure ratio.- The 
usual method of computing the  effective downwash angle  (reference 3)  w a s  
not  suitable because of the  nonlinear lift curve of the  isolated ta-fl 
(fig. 6). The data were obtained a t  three and, in  some cases, four t a i l  

- .  
! 
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i n C  ideqce  angles. The p itching moment dm t o  
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the.  t a i l  C was plotted mt - 
against the t a i l  incidence  angle Q fo r  various values of  the wing 
angle of' a t tack a. The ' intersection of the faired  points w i t h  the 
C zero axis indicated the t a i l  incidence  angle for which the t a i l  

angle  of-attack was zero. - The effective downwash angle w a s  then 
obtained from the  relation Ee = a + it - a t *  

mt 

So& values  of  the  effective (Eynamic-pressure r a t io  a t  the t a i l  
(%/9>e which are based on the variation  of the pitching moment coef- 
f icient-  with t a i l  incidence adgle C were obtafned. However, the 

values o f .  %/q e were not  considered t o  be of sufficient  accuracy  to 

warrant  presenta ion. The tare  due to   the   rear  model support varied 
with changes in the t a i l  incidence  angle,  thereby  influencing Cm 

but only an average  tare was applied. An exmiination of the data  indi- 
cated, however, that the  influence of  the ta re  was negligible in the 

( a  mit 

it" 

, determination of  ee.  

Tail-efficiency  parameter. - The tail-efficiency parameter 11 repre- 
sents the effective change i n  the lift-curve slope of the t a i l  due t o  
the effects  of  fuselage  'interference. The values of 11 are baaed on 
the  variation  of C . at zero wing lift f o r  the   var iou   ta i l   pos i t ions .  

The value'of q was assumed t o  be 100 percent  for  the  position 0.300b/2 
above the  extended wing-chord plane, inasmuch as the  distance from the 
fuselage w a s  large and the  interference  effects of the t a i l  post would 
be very small. The values  of q are also based on the  assumption that 
the  variation of ~ 1 - q  at zero  wing lif% w i % h  the f laps  neutral  waa very 

small in  the region of the tai l .  The value of  q W&B obtained from the 
relation " 

m i t  - 

where the prime refers to   t he  value fo r  the high ta i l  position. The values 
used, which were averaged  from-the  values  obtained from the 
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configurations  with  the flaps neutral,  with and .without  fences,  are  given 
" in  the following table: 

Tail height,' z 

0.300b/2 

.140b/2 

.l40b/2 

.045b/2 

- .060b/2 

-0.0270 

93 - -0251 

97 - .0262 

93 - .0251 
100 

.. - .0265 98 

The  effect  of wing incidence  angle on the  tgil-efficiency parameter 
(as determine& at  zero lift) w a s  negligible,  since  the  distance from the 
fuselage to the- tail was  the same f o r  the 0.045b/2 = Oo) and the 
O.l4Ob/.2 (k = 4') t a i l  positions, both of which  had the same efficiency. 

.. 

Tail effectiveness  parameter.- The effectiveness of the t a i l  can be 
conveniently  expressed  by  the  factor 7 . (reference 4), 'which  accounts 
for the  effects of the downwash-.angle variation,  the dynamic-pressure 
ra t io ,  and the ta i l  efficiency. The factor T is defined as follows: 

! 

or - 

! 
I 

' I  
St  2 0.0264 "C 
S E  \ 

A ne#F.ti- value of T indicate6 that the t a i l  is contributfng t o  t&a 
stabi l i ty .  



From equation 2. it can be seen  that  for  finite. 'values  of a,.t, 7 

is affected by the  variation of q t /q  with a. Since a fa i r ly   l a rge  
number of t a i l  incidence  angles were k s t e d ,  7 w a s  determined for 
% =. 0 up t o  a fair ly   high wing angle of attack. It is believed, how- 
ever, that even a t  the very high  angles o fa t t ack   t he   e f f ec t s  of do 
are small and i n  any case do not  -affect  the  trends  in  the  variations of 
T with a. 

- 

d a  

. .  

Determination of dCm/dCL for Cm = 0. - For  each model configura- 
t ion  tes ted,  a family of curves  of Cm plotted  against CL, for which 
the t a i l  incidence  angle was the parameter, was obtained from the  basic 
da ta .  In  order t o  obtain  values of dCm/dCL f o r  Cm = 0 throughout 
the  l if t-coefficient range,  the  following  proce,dure was used at those 
l i f t   coe f f i c i en t s  where the  original  data CUTES did'  not  intersect  the 
C, = 0 axis.  A t  any desired lift coefficient  the  value of dC,/dCl 
was measured *om each of the  original  data  curves and plotted  against 
the  corresponding  value  of. C,. These points were joined  by a faired 
curve and the value of dCm/dCL for C, = 0 for the desired lift coeP-- 
f ic ien t  was then  read from the  point where the  faired curve  crossed  the 
Cm = 0 axis. &.some cases a slight  extrapolation of the  faired c ~ v e  
was  made. ." " - , -  

RFSULTS AND DISCUSSION 

Method of Analysis 

In the  subsequent  discussion,  the  effects of the t a i l  on the  longi- 
tudinal  stabil i ty  characterist ics  are  explained by the  variation of the 
tail-effecfhveness  parameter T. An increase in 7 w i l l  r e fe r  t o  an 
increase  in value of  the  negative  quantity - that is, an increase in the 
t a i l  effectiveness. 

As  pointed  out in  reference 6, 'the slope of  the curve of  Cm 
'plotted  against CL, (dCddCL), for  the trimmed condition Cm = 0, 
is. a val id  measure of the  s ta t ic   longi tudinal   s tabi l i ty .  In the  present 
case, it waa preferable t o  use dCddCL for  Cm = 0 rather  than  the 
neutral  point,  because  accurate  calculation of the  neutral  point i n  the 
high lift range was not  feasible. 

I 

.. 

I 
I 

- 8  

" 

.. . 

- .  

The variations of dC,/dCL for  C, = 0 for  the  tail-on  configurations . 

and dCm/dCL for  the  wing-fuselage  combination  are  presented in .  fig- 
ure 7 -' functions of the lift coefficient  for  the  various  configurations 
tested.  Figure 8 presents  the  variation of the ta i l  effectiveness param- 
e t e r  T and the downwash angle E, with  angle of attack. The l i f t  and 
pitching-moment characterist ics are given in  figure 9, and the  variation 
with l i f t  of the t a i l  trim incidencebangle is presented in  f igure 10. 

L .- 
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Effect  of T a i l  Eeight on the  Longitudinal 

S t ab i l i t y  and on the  Tail Effectiveness 

? 

. .  

Flaps  neutral.- The  plain wing-fuselage c h b i w t i o n  became unstable 
- at a very low lift coefficient, ~ t 8  indicated by the   pos i t ive  values of 

dC,/dCL (fig.  7(a)), and increased in i n s t ab i l i t y  as the lif% coef- 
f ic ien t  was increased. A t - l i f t  coefficients  greater than 1.0, dC,/dC, ' 

rapidly approached inf in i te  values. The large positive  increase in 
dCm/dCL above a lift coefficient of 1.0 (a = 180) w&8 not  .appreciably 
reduced by the tail, although  the  variation of the t a i l  effect%veness 

- parameter T with angle of at tack  ( f ig .  8(a)) fndicated  an  -increase in 
the  stabilizfng  influence of the t a i l  at angles of attack  greater.   than 
about 26' fo r  a l l  except  the highest t a i l  positions  investigated. Fig-. \ 

ure 8(a) indicates -that a general  increase in  the t a i l  effectiveness 
with  angle of at tack throughout  the  angle-of-attack range was obtained 
for the low t a i l  position ( z  = -0.060 :). Figure 7(&) shows that the 

ta i l  reduced slightly the forward movement of the aemdynamic center, 
as indica*ed  by dC,/dCL, throughout the angle-of-&tack range: The 
increase  in  the  effectiveness of t h e   t a i l  Fn the low posi t ion  ref lects  
the  decrease i n  d€/&, a8 indicated by the curves of E, against a. 
The favorable downwash -variation may occur in the  region below the wake . 
center line, as indicated by references 3 and 4. When the t a i l  w a s  
located 0..047b/2 o r  0.140b/2 above the wing-chord plane, de/& increased 
slightly through the angle-of-attack range; whereas . for  a t a i l  height of 
0.30Ob/2, .a€/& exhibited a sharp increase a t  angles' of a t tack  above 
20°, which caus'ed the high t a i l  , to  become destabilizing. 

- 

I 

Upper-surface  fences only.- Reference 2 indicated that, the most 
favorable  locations for upper-surface  fences were a t  0.57553/2 and 0.800b12. 
A comparison of fi-e 7(a) and 7(b) indicated that the fences improved. 
considerably the s t a b i l i t y  in the   l i f t -coeff ic ient  range below 1.0 but ' 

did  not  .prevent the increase of dC,/dCL t o  large positive values in  the 
l i f t  coefficient range above 1.0. Figures B(a) and'  8(b)  indicate  that 
the fences had a negligible  effect  on the t a i l  effectiveness and on the  
downwash c+acteriatics.  Therefore, as i n  the case. of the   plain wing, 
the. . instabi l i ty  near the maximum lift coefficient w88 not   sa t i s fac tor i ly  
reduced by the tail.  

. .  

Leading-edge flaps and fences. - The data   for  the configurations w i t h  
both 0.45b/2 leading-edge flaps and  fences were obtained  with  the  inboard 
fence  located at 0.475b/2 instead  of  0.5Eb/2. Comparative tests . m a d e  
w i t h  the 0.45b/2 .leading-edge.:flaps on and the t a i l  off indicated that 
only small dicferences . occurred in the pitching-moment chazacter-tics 

. .  . .  

I 

! 
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between the two configurations. As indicated 'by the  variation of . 
%/aL in   f igure   7 (c) ,   the   s tab i l i ty  throughout the  l i f t -coeff ic ient  
range was great-ly improved by the combination of 0.4%/2  leading-edge 
f laps  and fences. A camparison of figures  8(a) and 8(c)  indicated  that, 
i n  general,  the combination of leading-edge f laps  and fences improved 
the  variation of . T with  angle of attack  in  the  angle-of-attack range 
below 20' but  reduced  the  effectiveness above 20'. A favorable  variation 
of dc,/dCL was obtained  throughout  the lift range f o r  the  low t a i l  

(z = -0.060 "> i n   sp i t e  of the  decrease in T above 20° angle of attack 
2 

(which corresponds t o  a wing lift coefficient of about 1.24), because 
the   t a i l -of f  combination exhibited such  a marked increase i n   s t a b i l i t y  
a t  lift coefficients above 1.2,  (fig.  7(c)). 

Leading-edge  and trailing-edge  flap combinations.- 'me   e f f ec t s  of 
. the  tail on the configurations with 0 .33/2   sp l i t   f l aps  and 0.43/2  leading- 

edge f laps  were investigated  with and without  the wing fences. . 

The addition of 0.35b/2 split flaps t o  t he  wing with 0.43/2 leading- 
edge f laps  and fences improved the  stabil i ty  characterist ics  through - 
most of the lift range, as shown by a  comparison of figures 7(c) and 
7(d),  except  for a large  forward movement of the aerodynamic center 
which occurred  at  the maximum lift coefficient for the   t a i l -of f  con- 
figuration. FKrm a  comparison of figures 8(c) and 8 (a), it can be seen 
tha t   the   e f fec t  of the 0.33/2 s p l i t   f l a p s  on the  variation of the tail- 

~ effectiveness  parameter was not  consistent when the  ta i l   posi t ion.was 
. changed. I n  general,. the 0.3%/2 s p l i t   f l a p s  tended t o  reduce  the  effec- 

t iveness   in   the moderately high angle-of-attack  range ( n e e  160), except 
f o r  the t a f l  located  in  the -O.O6Ob/2 position, and increase  the  effec- 
tiveness of t h e   t a i l   a t  very high angles of attack. F m m  the  variation 
of the  pitching moment with angle of attack for the  tai l-off combination 
(fig.  g(d)), it can  be  seen that,  although figure 7(d)  indicates'large 
positive values of a t  c the  actual  increase in  pitching- 

moment coefficient was small, and, as a result,  favorable  over-all  sta- 
bil i ty  characterist ics,   as  indicated by dC,/dCL in   f igure  7(d) ,  were 

&ax' 
! 

obtained  with  the t a i l   i n   e i t h e r   t h e  -O.O6Ob/2 or  0.04>/2 positions. 

Although the  high tail (z = 0.300 2)was destabil izing  in  the high lift- 
2 

coefficient  range, *he combination with the tail in   t he  0.140b/2 position, 
which i s  well above the wing-chord plane,  exhibited  only  small  unstable 
variations in dC dCL. m/ 

Figures 8(d) and 8(e)  indicate  that ,  except for  the  increases in 
f i n  the high angle-of-attack  range f o r  the 0.14Ob/2 and 0.3OOb/2 t a i l  
positions,  the removal of the  fences  did  not  appreciably  affect  the 

I . .  
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variation -of the, t a i l  effectiveness with angle of attack. As sham in 
figures 7(d) and 7(e) the forward movement of the  aerodynamic center, 
as  indicated by %/EL, was greater f o r  the  tail-off  cmbination with 
t h e  fences off  in the  l if t-coefficient range below C The over-all 

stabil i ty  characterist ics for the O.3%/2 split flaps and 0.43/2 leading- 
edge flaps configuration  with  the tail on were, therefore,  less  desirable 
wfth the fences off than  with  the  fences on, except for the lift- 
coefficient range near. C . 

Lx' 

%lax 

The tail was also  tes ted in conjunction  with the wfng-fuselage com- 
bination  incorporating 0.50b/2 extended s p l i t  flaps, 0.4>/2 leading-edge 
flaps and fences  because of the   interest  in the  greater lift obtainable 
with the 0.50b/2 extended spl i t   f laps ,  88 shown by figures 9(b) and g ( f )  
and i n  reference 2. A-comparison of figures 7(d) and 7(f) indicated 
tha t  only minor differences  in  the  sfabil i ty  characterist ics throughout 
the lift range f o r  both the tail-off and ta i l -on cambinations resulted 
from the change in  the  trailing-edge flap configuration.  Figures  8(d) 
apd 8(f) indicate  that  the change i n  the   sp l i t  flaps t o  a greater span 
and a more rearward  position  tended t o  increase the t a i l  effectiveness 
in   t he  high  angle-of-attack range,  except f o r  the  high t a i l  position, 
but  did  not change the  trends  in  the  variations of  T with  angle of 
attack. 

It m a y  be of i n t e re s t   t o  note  th8t for various configurations  tested, 
the  variations of t reflected  the changes i n  a€/&. Inasmuch as 
reference 1 indicates  that  the  inboard  sections do not stall, it is con- 
jectured  that the loss of dlyndc  pressure in the region of the tail f.or 
the present wing would not be very  large. 

Effect of w i n g  incidence  angle.- The effect  of w i n g  incidence  angle 
on the tail 'effectiveness was detkrmined -for the tail in the  O.lkOb/2 
position. The results  indicated  that, i n  general,  the t a i l   e f ' f ec t ikness  
i n   t h e  major portion of the  high  angle-of-attack range (below 24O) was 
sanewhat lower for. a wing incidence  angle of Oo than f o r  bo (fig. 8). 
Although t h e   t a i l  was further from the Fuselage a t  zero wing incidence 
and'had a greater  efficfency  at  zero  angle of attack,  the wake inter- 
ference  effects of the  fuselage through m o d  of the  high  angle-of-attack 
range may have been greater. 

General comments.-  The' resul ts  of the  present  investigatioh corrobo- 
ra te  those of previous  investigations ( for  example, see  referencea 3 
and 4) in t h a t   t h e   t a i l  positfon below the  extended wing-chord plane 
exhibited  the  greatest  effectiveness  in the high lift range and t.he t a i l  
position  well  above'the  extended wing-chord plane was destabil izing  in 
the high lift range. 

* .  

t 



12 MACA RM L5lJO8 

The present  investigation was limited in scope, since only one t a i l  
plan? form and only a f e w  t a i l  pos-ltions were tested. However, the resul ts  
indicated  that  although  the low t a i l  exhibited  the'greatest  effective- 
ness i n  the high lift range, the mall   unstable  variations for the t a i l  
j u s t  above t h e  wing-chord plane may not be too  severe t o  control. The 
t a i l   pos i t i ons  .above the wing-chord plane may be more desirable from 
high-speed  consfderations and 'also from the  design  standpoint. In the  
present  case,  the t a i l  appeared t o  be sanewhat more favorable  in  the 
0.140b/2 position (h = 4") than i n  the 0.043/2  position (& = Oo) i n  
that  smaller  unstable  variatians of the  pitching moment were obtained. 

Variation of tail trim incidence  angle with lift.- The significance 
of unstable  variations  in the pitching-moment characterist ics i s  probably 
more evident from the variation w i t h  lift coefficient of the tail inci- 
dence angle required  for trlm. When the   ra te  of change of  Q w i t h  

lift coefficient - -  a is negative, it indicates tha,t a desirable 

variation  in  the  st ick  posit ion  with lift coefficient w i l l  resu l t  - that 
is, a pull-back on the   s t ick  would be  necessary t o  obtain a higher lift 
coefficient.  Figure l O ( a )  indicates  that  a favorable  variation of Q 

with  l i f t -coeff ic ierr t  was obtained up to a value of CL of 1.0 fo r  a l l  
t a i l  positions  for  the  configuration w i t h  fences only, whereas the  plain 

(trim> 

dit trim 
dCL 

(trim> 

wink3 A became positive at l i f t  coefficients  greater  than about dit t r i m  
dCL 

0.55. When the leading-edge f laps  and fences were on, 

negative  throughout the .  lift range  regardless of the trail ing-e e f l ap  
configuration for t a i l   he igh t s  of -O.o60b/2 and 0.140b/2 (& = bo , as 
indicated  in  f igures l O ( b )  and lO(c). With the wing incidence  angle a t  
zero, however, the tail exhibited  small  undesirable  variations  in 
i 

0.140b/2 positions.. For the  high ta i l  z = 0.300 ">. the  undesirable 

variation of the trim incidence  angle  prior to the maximum lift was  con- 
s iderably  greater   than  for   the  ta i l  in the  0.04%/2 and O.l4Ob/2 positions. 
Where comparable flap  configurations were tested  with and  without  fences, 
the data  indicated'that removal  of the fences  increased  the magnitude  of 

dit (trFm) w8s 

dcL 

7 
'(trim) 

p r i o r   t o   t h e  maximum l i f t  coefficient  for  the 0.04>/2 and 

( 2 

any undesirable change.s i n  the  variation of with lift coefficient. 
it (trim) 

. .  
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It may be of interest  t o  note  that when the 0.50b/2 extended s p l i t  
flaps  are  deflected, wTth the 0.4%/2 leading-edge flaps and fences on, 
a positive change i n   t h e   t a i l  incidence  angle of over 6 .9  i s  required 
f o r  trim (fig.  lO(c)). The large  positive trim incidence change i s  
required because most  of the lift increase from the  0.50 extended s p l i t  
flaps i s  ahead of the wing center of gravlty. 

CONCLUSIONG 

The following  conclusions &e based on an investigation of the 
effects of horizontal-tail  location on the   s ta t ic   longi tudinal   s tabi l i ty  

, characteristics of a 45' sweptbadk-wing - fuselage combination of aspect 
ra t io  8': 

1. The t a i l  effectiveness  varied  with  the  distance. of the tail fm 
the extended wing-chord plane i n  a m e r  sfmflar t o  tha t  obtained i n  
previous  investigations on mptback-wing models of lower aspect  ratio. 
The t a i l  exhibited  the  greatest  effectiveness i n   t h e  moderate and high 
l i f t -coeff ic ient  range in  the  posit ion -0.060 semispan below the extended 
wing-chord plane. In general,  the tail effectiveness  at Mgh lift coef- 
f ic ients  decreased as  the t a i l  was  raised, and at tlie  highest  position 
tes ted (0.300 semispan above the extended wing-chord plane)  the t a i l  w a s  
destabilizing  at high l i f t   coeff ic ients .  

2. Although the  effectiveness of t h e   t a i l  i n  the law position 
increased  with  angle of attack, it was insufficient t o  reduce appreciably 
the  unstable changes due t o  the wing at a lift coefficient of about 0.55. 
The upper-surface wing fences had 1 i t t l e . e f f e c t  on the - ta i l  effectiveness 
regardless of the wing-flap configuration. The fences  delayedthe  insta- 
b i l i t y  due to   t he  wing t o  a Lift coefficient of about l. 00, but even with 
the  fences on, the   ins tab i l i ty  beyond a lift coefficient of L O O  was too  
great t o  be reduced- appreciably by the   t a i l .  

I 

3. With both  the leading-edge f laps  and fences on the  wing,  the  
s tabi l i ty   character is t ics  of the wing  were  improved t o  such an extent 
that  favorable  over-all pitching-moment characteristics throughout the 
l i f t  range were obtained  with  the t a i l  located -0.060 semispan -below the 
extended wing-chord plane. Except f o r  the high t a i l  position,  the  leadlng- 
edge flaps tended t o  -reduce the tail effectiveness at very high  angles 
of .attack. 

4. In general,  the  addition of trailing-edge  flaps  increased.  the 
effectiveness of t h e   t a f l   a t  high lift coeff ic ients   for  all the  positions 
tested. The stability  charac%eristics  with the leading-edge flaps, 

- 
- trailing-edge  flaps, and fences were favorable  throughout the lift range 
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with  the t a i l   i n   t h e  -0.060-semispan position. For the  tail located  in  
the 0.045-semispan and  0.140-semispan positions, mall unstable vari- 
ations  occurred  prior  to  the maximum lift. On the  basis of the vari- 
ation of the tail incidence  required  for trim, the -0.060-semispan and 
0.140-semispan t a i l  heights were the  most favorable. 

5. The stabilizing  influence of t he - t a i l   l oca t ed  0.140 semispan 
from the extended wing-chord plane  with  the-wing  incidence  angle a t  zero 
was generally less through the major portion of the  high  angle-of-attack 
range  than wben the tail was located 0.140 semispan from the  wing-chord 
plane h t h  the  wing incidence a t  4'. ' 
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Mean aerodynamic chord, 16.672 

I wino I Tu;/- I 
Aspect ratio 8.0 4.0 
Toper rafio . 0.45 0.45 

IArea. su f f  1 14.02 I 2.249 I 

L " -  
Figure 1.- Geometry of 45' sweptback w i n g  of  .aspect r a t i o  8, fuselage 

' and tail. All dfmensions a re   i n  inches except where noted. 

I 



. . .  . . . . .. 

0.6b, normal 
t o  ohord l i n e  

.-t300 

0.38 dinr, 
5.60 rad. 

Figure 2.- Typlcal  sections of high-lift and stall-control devicee 
parallel t o  the plane of symmetry except where noted. w n s i o n e  
are i n  Inches except where noted. 

1 

. " 



. . . . .  

I 

. . .  . . .  

I * , 3 '  ' I  
I 

(a) Front view. 
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(b) Rear viev. 

Figure 3.- Concluded. 
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Figure 5.- Effect of a horizontal t a i l  at v a r i o k  vertical locationa 
on thepitching-moment characterietice for  var ious flap conflgura- 
tione and two incidence wing angles on a 45' eweptback wing of 
aepect ra t io  8.0. All tail-incidence angles are approximately -4'. 
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45' sveptback t a i l  of aspect ratio 4.0 and U C A  631A012 alrfoil 
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( a )  Plain wing. 
Figure 7.- Variation with lift coefficient of dCm/dCL for the wing- 

fuselage  combination  and  dCm/dCL-  for  Cm = 0 for the tail-on 
configurations.  Center of gravity at 0.25E. 
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(b) 0.573/2 and 0.800b/2 fences. 

Figure 7. - Continued. 
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( c) 0 . 4 ~ / 2  leading-edge flaps and 
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Figure 7.- Continued. I 
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Figure 7.- Continued. 
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(e) 0.35b/2 spl i t  flaps and- 0.45b/2 leading- 
edge flaps. 

Figure 7.- Continued. 
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(f) .0.50b/2 extended s p l i t  f'lap8, 0.4%/2 leadfng- 
edge flaps, and 0.575b/2 and O.&b/2 fences. 

Figure 7.- Concluded. 
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Figure 8.- Continued. 
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Figure 8.- Continued. 
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with angle of attack for  various t a i l  locations and two wing- 
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Figure 9.- Concluded. 
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