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. -  REXZARm MEMORANDUM 

EFFECTS OF HORIZONTAL-TAIL POSITION, AEEA, 

AMD ASPECT RATIO, OW LOW-SPEED STATIC LONGITUDINAL STAB= I 

AMD COJYTROL CHARACTERISTICS OF A 60° TRIANGUIAR-WING MODEL 

H A m G  VARIOUS TRIANWUR-ALIr " !  
MOVABLE EORIZOWTAL TAIIS 

By Byron M. Jaquet 

A low-speed investigation was made in the Langley s t&bllf ty  tunnel 
to determine the  static  longitudinal  stabil i ty and control  character- 

movable horizontal   ta i ls .  A n  all-movable tail of 10 percent of the  wing 
area and aspect  ratio 2.31 w a s  Investigated in  1-7 tail positions which 

.. included  positions above,  below,  and t o  the rear of  the assumed center 
of  gravity.. All-movable t a i l s  of 5 and 15 percent of the w m -  area 
(aspect mtio 2.31) and an all-movable t a i l  of aspect r a t i o  1.07 
(5-percent-area) were investigated- at one t a i l  position. 

$ , i s t ics -of  a 60° trimgtdar-wing model ha- var ious  triargulez-all- 

- 
m 

A t  high a n g k s  of attack,  large  increases  in the r a t e  of  change of  
effective downwash angle with angle of attack caused large  decreases i n  
the stat'ic longitudinal  stabil i ty of most configurations. The hgh- 
forward and low-rearward ta i l   pos i t ions  'were least   affected by changes 
fn downwash angle with angle of attack and, consequently, t k s e  positions 
had the most favorable  stability  characteristics. For one position, an 
-increase i n  t a i l  e a  from 5 t o  15 percent OL tbe wFng area produced a n  
increase i n  s t a t i c  lortgitud3kl &abi l i ty  at low lifi coefficients and 

downwash. angle ~ t h  angle of  attack) at high lift coefficferrbs. 
. instability (associated  with  large  increases in the  ra te  of change of 

c 

An increase i n  ta i l '   l ength  for a given ta i l  height produced an 
Fnci-ease In-pitching-monknt  effectiveneaa which was  approxiImtely 
directly  proportional t o  the tail length  but had Wignif icant   effects  
on the change 3n lift with  control  deflection. A n  increase in ta i l  
height produced a small increase i n  pitching-rpoment effectiveness. , 
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All.-movable-triangular ta i ls  had about 20 percent-  -less pitching-moment 
effectiveness (which w a s  essentially  constant up t-o- maxizpum lift) than 
constant-'chord flap  controls o f  about the same .area and  were about  twice 
as effective as half-delta t ip   controls .  The all-movable tai ls  produced 
' less lift per  degree of control  deflection (which also w a s  esselrtially 
constant up t o  m a x i m u m  lif't) than the  constant-chord  flap  .controls  or 
half -delta t i p  controls. 

The t a i l  posit ion.   for maximum pitching-moment effectiveness was 
high and rearward in contrast   to  a low-rearward. posit ion  for the most 
desirable s ta t ic   longi tudinal   s tabi l i ty .  

INTRODUCTION 

I 

Wings of triangular plan  fom appear, i n  m a n y  respects, to be 
structurally and aerodynamically suitable for  high-speed airplanes; 
however, adequate longitudinal  control i s  d i f f icu l t   to   ob ta in   for  these 
airplanes with manually operated.  controls. For example, constant-chord 
flap controls have  good effectiveness at low speeds, but inherently 
have undesirably high hinge moments (references 1 and 2), and half-delta 
t i p  controls, which permit a wide choice of hinge- location  for aero- 
aynamic balance, have low control  effectiveness at low speeds (refer- 
ence 3 ) .  In another  case, a canard w a s  found t o  be virtually  ineffective 
as a fixed trimming device a t  hfgh lift coefficients in  a low-speed Y 

investigation of a canard tri-ar-wing arrangement (reference 4 ) .  III 

' Great Britain1 by Lock, Paee, and Meikler, some promise has been  indicated 
for  all-movable .tails located  behind  the  center of gravity  although some 
instability w a s  encountered  near the stall. An all-movable tail, i n  
addition  to  providing  longitudfnal  control, should overcome some of the 
other   diff icul t ies  encountered wtth semitailless  airplanes. The hori- 
zontal t a i l  would provide additional damping in pitch, which is low for  
-triangular wings. (reference 5 ) ,  and perhaps eliminate the possibility 
of  tumbling (a continuous pitching .rotation about the la teral   axis)  which 
is a lso  associated with semitailless airplanes. . I n  addition,  the  center- 
of-gravity  travel would not be as severely  restricted  for an airplane 
w i t h  hor izontal   ta i l .  

& - ,  

- a low-speed investigation of a 45O triangular-wing model conducted in  

I 

Inasmuch as triangulm-wing  airplanes  generally hve   s t ab le  
pitching-moment characteristics  through  the  lift-coefficient range, a 
horizontal t a i l  would be  expected t o  be necessary on ly  a s  a contro;l and 
not as a s tabi l izer .  In the  present  .inyestigation (which i s  a part of  
a research grogram being conducted 3.n the Langley stability tunnel t o  

1- I 

.r 

lNot-generally available. * 
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determine the suitabilitj. of various types of  controls  for trlangul& 
wings), addition of .a hordzontal tail,  however, resulted in serious 
instabi l i ty   for .  some t a i l  positions. . It was, therefore, desirable t o  
determine an optimum, or  nearly optimum, t a i l  position with regmd to 
s t a t i c  stabil i ty a8 w e l l  as control  effectiveness. Thus, the effec ts  ' 

of t a i l  length, height, area, and aspect  ratio on the low-speed s t a t i c  
l o n g i t u d b h  -stability and control  characterist ic8 of  a 60O triangular 
w i q  model having various all-movable triangular tails  located behind 
the c e d e r  of  gravity of the model were studied fn this investigation. 
The resu l t s   for  an-movable ta i ls  were compared with results for   consta  
chord .flap controls and half-delta  t ip-  controls of the same =ea. 

The data pryseeed  herein are in  the form of standard MACA symbols 
and coefficients of forceg and momerrts and are referred to the s t ab f l i t y  
system of axes wfth the origin a t  the projection of the .quarter-chord 
point gf the mean aerodynamic chord on the piane of symmetry unless 
otherwise  specified. The posit ive  direction of  forces, moments, and 
angular displacements i s  indicated in figure 1. The coef f ic ien ts  and 
symbdls used herein are defined a s  follows: 

lt- 

lift coefficient. (3 
pitching-moment coeffi-cient (5) 
llft, pounds 

pitching moment, foot Bounds 

.aspect  ratio (b2/S) 

span, feet 

w i n g  area, square feet 

horizontal-tail  area, square feet 

mean aerodynamic chord, feet c2d$ 
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root- chord, feet 

spanwise distance measured  from  and perpendicular to plane of 
symmetry, fee t  

free-stream dynamic pressure, pounds per square-foot F) 
dynamic pressure at tai l ,  pounds per. squ,are foot 

free-stream velocity,  feet per second 

density of air, slugs per  cubic  foot 

t a i l  length, feet- (distance between quarter-chord poi& of 
~ n g  mean aerodynamic chord and quarter-chord  point of t a i l  
mean aerodynamic chord measured along the fuselage  center 
l ine)  

t a i l  height  (height of tail above or below the wing-chord plane), 
f ee t  

angle of  at tack of wing-chord plane, degrees : 

angle  of  incidence of t a i l  Mth'reapect to wing-chord pl-, 
degrees 

angle  ofsweepback of leading edge, degrees 

effective downwash angle,  degrees 

effective dynamic pressure r a t i o  (&) 
acm 

- c m 4  = ai, 

r 

. .  
. ." 
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C ac, 

E hor izonta l   t a i l  

Subscripts: 

A *  h o r i z o n u   t a i l  1, 

2 hor izonta l   t a i l  2 

3 horizontal   . tai l  3 

4 hor izonta l   t a i l  4 
_ .  

-.. : 

5 

APPARRPTJS, MODEL, AND TEXTS 

The present  investigation was conducted in the 

: 

I 

6- by 6-foot t e s t  
was mounted on a section of the Langley stabil i ty  tunnel.  . The model 

single-strut support with the  pivot  .point a t  the  quarter chord of the 
fnean aerodynamic chord. The strut was attached t o  a six-compdnent 
balance s y s t k .  

The  rnode.1 consisted of a mahogany whg-Tuselage  combination and 
four mahogaqy horizontal   ta i ls  which  were tested individually. The wing 
had an aspect  -ra;tio of 2.31, R~ = 60°,' and modified NACA 65(,6)-006.5 
a i r fo i l  sections  parallel t o  the  plane of symmetry. The Fuselage had a 
circular  cross  section and a  fineness  ratio of 7.38. Add i t iona l  detaiis 
of the fuselage may be  obtained from reference 6 .  Three of the hori- 
zontal tai ls  had.the plan form and thickness r a t i o  as the w i n g  but 
had areas of 5, 10, and 15 percent of the w i n g  area. An addi t iona l   t a i l  
of aspect  ratio 1.07, ,Arn, = 750, ' and an area of 5 percent of the w i n g .  

area was used f o r  a few tests. The t a i l s .  -were supported by r- by 2-inch , 

Steel  support atrube (one BtrrZt was used for  each t a i l  height) iounted 
on a 2.- by -- 1 by 45-inch s t ee l  bar, the lower'. surface of which was . 

para l le l  t o  but 1.5 inches above the  fuselage  center line. Pertinent 
model detai ls  . a n d  t a i l  locations  are shown in  figure 2 and detai ls  of 
the  horizontal tails are - shown in figure 3. Tails I, 3, an& 4 were 

1 

2 

I 

I 
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t e s t e d   a t  one position o n l y  (g = 0.30, = 1.25). A photograph of one 

model configuration is  presented as figure 4. 
. c  

The tests  consisted of measurement o F l i f t  and pitching moment 
through an angle-of-attack range of -4' t o  36' for several  angles of 
incidence of the tails .  .All t e s t s  were conducted at a  aynaslic pressure 

number of 2.06 x 10 6 . 
' of 39.7 pounds per.  square  foot, a Mach  number of' 0.17, and  a Reynolds 

CORRECTIONS 
". 

I 

-Approximate jet-boundary corrections  (reference- 7), based on 
unswept-wing cone-epts, have been  applied to   t he  angle  of  attack. 
Complete-model ( t a i l  on) pitching moments have been  corrected  for  jet- 
boundary effects  by the methods of  reference 8 and the dynamic pressure 
was corrected for the effects  of  blockage by the methods of reference 9. 
The data have not  been  corrected f o r  the effec ts  of the  support  strut. 

i 

RESULTS AWD DISCUSSION 

Pre sent  at  ion of Results 
i i '  

Table I i s  presented as =.index t o  the  f igures   to   afd i n  the loca- 
t i o n  of sljecif i c  data from the  large m e r  of figures. 

The cbntml  effectiveness  parameters CLit. - .  and C repre sent 
mit 

-slopes of fafred curves measured near  zero t a i l  incidence  for e constant 
angle of  attack. - The slopes, however, were generally linear between 
it = 100 and. Q = -200. 

The effective downwash angles were determined a t  a given angle of  
attack by .the s.um o f t h e  angle  of--attack and the  angle of  incidence of 
the t a i l  which  produced the  zero pitchhg-moment  icoptirubutiod\of the 
t a i l . '  The effec.tive dynamic-pressure ra t ios  were\determined f r d h  the 
pitching-moment data in   t he  following manner:. 

. . . ,>:- 

\., 

. 
J .  

. 
w" 
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i s  the  value at aqy.lift coefficient  for  the s'ame tail position. This 
assumption  always gives a value of ( qt/q)e of 1.0 at cL.= o and i s  
believed t o  be accurate  within 2 o r  3 percent. 

The basic data (Cm and a against CL) of ffgures 5 t o  25 will 
be given only brief  consfderation inasmuch as the analysis of the  present 

Cm/CL a t  CL = 0 of  the wing and wing-fuselage conibination are in good 
agreement with  previous  investigations  (reference. 6). The wing maxFmum 
lift coefficient i s  a l s o  about the same a a  that of  reference 6; however, 
the wing-fuselage m a x i m u m  lift c o e f f i c i k t  i s  about 10 percent lower than 
that obtained previously. The lift and pitching-moment characteristics 
of the wing-fuselage and horizontal-tat1  configurations  are  .presented in 
figures 6 to 25.  he s t a t i c  longitud- s t ab i l i t y   a t   t r im  decreases 
with a n  increase in  trim lift coefficient f o r  t a i l  positiona above the 
wing-chord plane (f igs .  6 t o  X) and figs.: 23 t o  25) and increases  with 
an increase i n  trim lift coefficient  for  tai l   posit ions below the wing- 
chord plane ( f igs .  21 and 22) - 

- paper i s  concerned with  figwee 26 t o  45. The lift-curve slope and 

Longitudinal  Stability 

I 
f 

I 

. .  

I 

Effect of t a i l  le-h and hewt. - For convenience the  basic data 
a t  t.t ,= O0 of  figures 6 t o  22 have been  replotted - i n  figures 26 and  27. 

From figures 26 and 27 it can  .be seen that   the  wing-fuselage cdm- 
b imt ion  is stable through- the  l if t-coefficient range f o r  t he   t e s t  . 
ceder-of-gravity  position. The data. of figures 26 and  27 also indicate 
that   addi t ion  of .  the horizontal t a i l  (10 percent of the wing area) t o  
the wing-f&elage  combination  produces a n  increase in longitudinal 

increase in t a i l  length br height. 
. s t ab i l i t y   a t  low l i f t  coefficients. The stability  increases  with an 

Generally, as the lift coefficient i s  increased t o  some moderate 
value, a decrease  occurs in stakfl i ty .  With a further increase in lift 
coefficient,  there is ei ther  an increase i n  s tab i l i ty  o r  a further 
decrease  .depending on the tail length asd height. The effects of t a i l  
length &ad height on the changes . i n  s t ab i l i t y  with lift coefficient can 
probably  be  seen  best from the data of figures 28 . a n d  29 which  were 
obtained by recomputing the data of figures 26 and 27 about  a different 
center-of-gravity  position f o r  each configuration t o  give a s t a t i c  
margin a t  CL = 0 of 10 percent of t-he  mean aer0dymd.c  chord. The 

position of the  center of gravity f o r  each configuration for  which data 

" 

! 

I 

I 

I 

t 
I 

I 
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are presented with C, = -0.10 in figures 28 and 29 
CL 

Center of  gravity 
(percent S) 

0.75 ' 29.6 
-30.5 

0.25 - 

34.7 2.00 
33.1 
31.6 

~~~~ ~ 

-0.75 ' 

~~~~ 

0.50 

30.7 

33.5 32.2 
35.5 

2.00 38.0 

0.75 31.4 

35.1 
1.50 . 36.9 
2.00 39 -9 

0.75 1 . 2 5  1.00 . 32.9 

I 

31.6 
32-9 
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is  as follows: 

The center of  gravity of the wing-fuselage  combination is  a t  0.275F. . 

The data of figure 28 indicate that a t  high lift coefficients an 

Z z 
&crease in   s tabi l i ty   with  an  increase  in  tail length is  obtafned a t  a 
t a i l  height  of F = 0.25. A t  t a i l  heights greater than = 0.25, the 

- s t ek i l i t y  decreases  with an increase in ta i l  Ie@h and, for  high- 
rearward positions, severe instability  occurs. The configurations with 
the high-forward and low-rearward t a i l  positions  exhibit  the least 
change i n .  s ta t ic   longi tudinal   s tabi l i ty  through the  1ift-co.efficient 
range and only t a i l -pos i t i ons  below the wfng-chord plane ( f ig .  29) pro- 
vide s t ab i l i t y  equal to, o r  bet ter  than,  that for the wing-fuselage 
combinaticm. The amall positive increment in pitching moment present 
at low lift coefficients  with  the  addition .of a horizontal t a i l  ( f igs .  28 
and 29) i s  believed t o  .be  caused by flow  induced by the fuselage and 
t h i s  increment appears t o  decrease  with an increase i n  t a i l  length  or 
height. 6 

I 

h 
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'I!he changes i n   s t a b i l i t y  which occur, for  tail-on  configurations, 
as the lift coefficient is increased,  can be associated  primarily  with & 
large  increases  in downwash angle with  angle of attack and t o  some 
extent with the change in   the  r a t i o  (qt/q)e  with.angle of attack 
(figs. 31 t o  38). The effects.  of . tai l  length and height on the varia- 
t i o n  of- t he   e f f ec t ive   domah   ang le  with angle of attack are shown in 
figures 31 t o  35. The r a t e  of change of  effective downwash with  angle . of attack a€,/& varies  considerably  with a n g l e  of attack. The  value" 
of ,at OL = 00 e e  presented i n  figure 36 f o r  t h e   t a i l  posi- 
t i o n s  investigated. These values of  ase/&  are always less . t h n  1 
and decrease  with an increase in t a i l  .length or height.  Therefore,  as . 
mentioned previously, a d d i t i o n  of a t a i l  always resu l t s -   in  an increase 

of  attack i s  increased however, the  value of he /aa  increases  rapidly 
and reaches  a value of 2.0 for  some configurationa. The configurations 

coefficient  and- which become unstable  are  those f o r  which h e / &  
becomes sufficiently greeter than 1.0 t o  overcome the  inherent  stabil i ty - 

of the wing-fuselage  conhination. For ta i l   pos i t ions  below the wing- 
chord plane  the  effective &ownwash angles a% high angles of attack were 
much less   than  that  f o r  most of  the  other  configurations. The vd.ues 
of ase/& were near  zero o r  even  negative and, as mentioned previously, 
these  positions  provided  greater  stability  than  the  wing-fuselage com- 
bination in  the high  lift-coefficient  rangel It ahould be noted tha t -  
the  values of downwash angle shown a t  0: = Oo . f o r  a t a i l  height of 

E i n   s t a b i l i t y   a t  low lift coefficients  (f igs.  26 and' 27) I A s  t he  angl'e 

.I f o r  which large  decreases In s t ab i l i t y  occur ~ t h  increases  in lift 

d- . .  
".-A &-#, 

The effect  of the  -liorizontal-tail  position o n  the  longitudfnal ., - . 
3 1 st-abil i ty f r o m  CL.= 0 t o  CL-= 0.8 i s  summarized i n  f.lgure. 30. The 

I 

regiom of least  change i n  aCm/aC, are  located  in  the high-forward or 
low-rearward positions. As mentioned previously only t a i l  positions . 
below the wing-chord plane produce stabil i ty  equal t o  o r  greater  than 
tha t  f o r  the wing-fuselage  combination through the  l if t-coefficient 
range and thus the change i n  &m/&L noted fo r  these  positions i s  
stabii izing . 

! 

I 

c 

2 = 0.25 (Yig. 31) are  probably caused  by f l o w  over the end of the 
C 
fuselage. * d L  - .ax. .A= o + = - r . 2  

. c  . .  

The effects of  t a i l  length and height on the va.riation.of ( ~ + / q ) ~  
with  angle- of attack  are'presented f o r -  several model configura,tions ~n 
figures 37 and 38. The largest changes i n  (Clk/q!, - occur at high 
angles ..of attack. A loss i n  (%/q)e In the  high  ,angle-of-attack 

- region.is  beneficial f o r  .some -tail lengths,  especially fo r  5 = 0.75, 
C 

sfnce f t  tends  to.reduce &e Fnstabili%y (fig. 281 where ace/& 
G ._ . .  

! 

. -  
I 

! 
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5 ;  

( f ig .  33) i s  large. Conversely, an increase i n  (qt/q), at.moderate 
and high  angles of a t tack c a n  magnify the ins tab i l i ty  caused by high t 
values of .ace/&. See, for  example, figures 29, .34, and 38 for 
z 
e = 0.30 and = = 1.50 for  which (qt/q),  increases at about 16O angle 
C  C 

of at tack and a € e / b ,   a b e a @  greater than that fo r  the other t a i l  
poaitions, is effectively  increased  again by the  increase  in (qt/q)e 
greater  instabflity  thereby  being caused. 

2 

Effect of t a i l  area and aspect  ratio. - The effecrts of t a i l  area 
and aspect  ratio on the stat ic   longi tudinal   s tabi l i ty  -of the--model for 
one t a i l  poaition ($ = 0.50 and - = F 1.25 are shown in figure 39. An 

increase  in t a i l  area from 5 t o  15 percent of  the wing area causes an I 

c ients between 0.kand 0.7, t he   s t ab i l i t y  does not change appreciably ! 
when the t a i l  area i s  increased  (fig. 39( a ) ) .  At high lift coefficierrts, ' ' - I  

near maximum lift, ins tab i l i ty  result8 for   the  10- and 13-percent-area 
ta i ls .  A decrease i n  the  aspect  ratio of the  5-percent-area t a i l  from 
2.31 t o  I .O7 has l i t t l e   e f f e c t  on s t ab i l i t y  through  the  lift-coefficient 
range. It should  be remembered that, for  triangular plan forms, a 
decrease in   aspect   ra t io  is accompanied by an increase in sweep angle 

) 
, increase in a tab i l i ty  up t o  about Ci, = 0.4; whereas, at lift coeffi- 

and thus the ef fec ts  of  aspect r a t i o  and sweep-are fnseparable. 4 &. ic"i dr.YL. 

In  order t o  illustrate the  effects  of t a i l  mea and aspect  ratio on 
the changes i n  s t ab i l i t y  with lift coefficient,  the  data  are compared  on 
the  basis of  equal  staizic margin at CL = 0. The position of the center 
.of gravity for  each  configuration  for which d a h   a r e  presented with 
t 

I 

%L = -0-10 in  figure 39(b) i s  a i  f o u m s :  

The center of gravity of the wing-fuselage  combination i s  at 0.275s. 
The large changes i n   s t a b i l i t y  which occur for the 10- and 19-percenti 
area tails  are readily  discernible from figure 39(b) . A reduction  in 
t a i l  aspect  ratio from 2.31 to 1.07 has re lat ively s m a l l  effkct-on 
stability,. the A = 1.07 t a i l  providing an increase i n   s t a b i l i t y   f o r  
o w  a small range. of lift coefficients near the' stall. 



As mentioned previously, the changes to s t ab i l i t y  with angle bf 

attack and to some extent w i t b  changes in (qt/q)e with angle o f .  attack. 
Values of  &e/& and (qt/qIe are prese&ed in figures 40 t o  42. 

ins tab i l i ty  f o r  tails 2 and 3 at .this t a i l  position- The span of theae 
t a i l s   i s  believed to be' sufficiently  large t o  be  affected by the  separa- 
tion  vortex which is swept toward the plane- of sjmmetq' as the angle of 
attack i s  increased. Tails 1 and 4 do not extend  outboard from the 
plane of symmetry a large enough distance t o  be g r e k t l y  affected by the 
vortex and, hence, do not produce ins tab i l i ty  at high lift coefficients 

'3 attack can  be associated wLth changes In: dom%?ash angle with angle of 

. Large 'increases in a€e/& (fig. 40) a t  high angles  of  attack  cause 

(f ig .  39) - 

I 

? '  

I 

! 

Control  Effectiveness 

i 

A 

The colrtrol  effectiveness data f o r  all model configur&tions 02 , 

f i w e s  43 t o  43 are presented on a basis of equal static  longitudinal 
stability a t  CL = 0 C = -0.10 arid thus the data are direct ly  

i d i c a t i v e  of the  effects  of t a i l  length;  height, area, and aspect r a t i o  
on the  control  effectiveness parameter C . The position of the  center 

of gravity f o r  each  configuration of figures 43 and 44 may be obtained 
from the table   in   the section elrtitled "Longitudinal  Stability." The 
Centers .of gravity for  the  conffguratiogs of figure 45 are presented ' 

subsequently in this section. 

mcL > *  

mit 

I 

Effect of tail length and height.- An increase in lift coefficient 
produces o n l y  small changes i n  tlie values of anh c up to I 

c=2, mi+. I 

about m a x i m u m  lift coefficient  for  each model configuration (fig. 43) . 
The best t a i l   p o a i t i o n  w i t h  regard to stat ic   longi tudinal   s tabi l i ty  

I 

through the   l i f t -coeff ic ient  range was = -0.06 and = = 2..00; 

whereas the m a x i m u u  pitching-moment effectiveness  through  the lift- 
coefficient range was  obtained at = 0.50 and & =.2.00. The pitching- 
m o m e n t  effectiveness data 'for  these two positions i s  presented i~ . 

z 2 
c .  

C C 

figure 43(e). A t  low lift coefficients, the posit ion  for maximum 
C m F , .  

CI 

provides a value of of about 10 percent greater than t k  value 
c=t 

Of 
for the position of best  stability;  whereas'at high lift coef- 

I 

i 

ficients  the  difference amounts t o  about  23'percen-k.. . T h e  position f o r  ' 
maximum C, . is one, howeer, where severe  instability  occurs at it - 

t 

I .  



moderate lift ,coefficients. (See f ig .  29.) A t a i l   pos i t ion   o f .  -5 = 0.25 
C 

. and & = 2.00 has sat isfactory  s ta t ic   longi tddinal   s tabi l i ty   ( f ig .  .a) 
C 

aha, except-for  high lift coefficients,  has about the same pitching- 
moment effectiveness a a  the t a i l  popition = 0.50 and 2 = 2.00. O f  

the  positions  investigated, a low-forward position had the lowest control 
effectiveness ( f ig .  44( a)). 

C  C 

The e f fec ts  of  t a i l  length and tail height on the--value.s of 

length 0; height  generally 
C . The value  .of C, =it - %  
about direct   proport ion  to  

summarized Fn f i@;ure 44- Change a i n  t a i l  

produce only small changes i n  the value of 
increases wLth an increase i n   t a i l   l e n g t h   i n  

the t a i l  length and increases slightly 
with an increase in  tail-height. Trends similar to  those of the-  present 
paper were indicated i n  the  prevfously mentioned British  investigation 
o F a  4 5 ° . t r i a ~ a r - w i n g  model- having a separate-all-movable ta i l .  In 
that investigation, however, only two tail.  lengths were investigated. 

Effect of tai l  area and aspect  ratio. - The data  presented  in  fig- 
ure 45 are  also for  c = -0.10 at CL = 0 -and the  centers of  gravity 

for  the configurations are as follows : 
% 

Configuration I 1 Center of gravity 
(percent E )  

1 I 

f I1 I 30.6 
’ All-movable ta i ls  33.5 

. 36.5 
29.6 

I I I  Constant-chord f laps  
Tip controls 29.2 I 27.4 

An increase i n   t a i l . a r e a  from 5 t o  15 percent of the wing area 
causes a proportional  increase in CLFt . and C ( f ig .  45(a)) which 

are about  constant up t o  maxirmun lift coefficient. Reducing the  aspect 
rat-io of the  5-percent-area t a i l  f r o m  2 . 3 l t o  1.07 causes a decrease 
in CLi and Cm which i s  constant up t o  ~ ~ X ~ T Q U I Q  lift coefficient. 

=t 

t it 

tr 

f 



A comparison of the effectiveness at CL = 0 of the all-movable 
3 t a i l s  of the  present  investigation  with  the  constant-chord  flaps of .  

reference 1 and the  t ip   controls  of reference 3 i s  presented in 
figure 45(b.) f o r  C = -0.10. Each of the controls w a s  tested -on a 

wing of  identical geometry. The all-movable tai ls  produce a Slightly 
smaller change in  lift with control  deflection C than t h e   . t i p  

controls (which ie   desirable)  and, as would' be .expected,  a much smaller 
change in  lift with  control  deflection  than  the  constant-chord flaps. 
From a standpolnt of pitching-moment effectiveness C . the 'u- 

. movable t a i l s  L e  about  twlce  as  effective as t h e   t i p  controls asd are 

*L 

L i t  

mit 

about 20 percent less effective  than the constasrt-chord flaps.  

A low-speed inyestLgation of the s ta t ic  longi tudinal  s t ab i l i t y  and 
control  characteristic^ of  a 6oo triangular-wing model having various 
all-movable horizontal   ta i le  has indicated the followi.ng conclusions: I 

? 1. At-high angles of attack  large  increases in the rate of change 
. of  effective downwash angle with angle of attack caused large  decreases 

- I in the stat ic   longi tudinal   s tabi l i ty  of most of tk. configurations. The ' 

hfgh-forward and low-rearward t a i l  positions were least affected by 
changes in downwash angle with angle of attack and, consequently, these 
positions had the most favorable  stability  characteristice. 

2. For one position, a,n &crease i n   t a i l   m e a  from 5 t o  1.5 percent 
of the w a  area produced an increase in   s ta t ic   longi tudinal   s tabi l i ty  
at low lift. coefficients and instability  (associated  with  large  increases 
in the  .rate of change of downwash angle  with  angle of  attack) at high 
lift coef fic  ienta . 

I , .  
3. ~n increase ~n t a i l  length f o r  a  given t a i l  height produced an 

. directly  proportional  to the t a i l  length and had- insignificant  effects 
increase in pitching-moment effectiveness which w a s  asproximately 

. on the change in l i f twi th   cont ro l   def lec t ion .  A n  increase i n  t a i l  
height produced  a small increase  in pitching-momerrt effectiveness. 

' 4. All-movable-triangular t a i l s  had about 20 percent  less  pitching- 
moment effectiveness (which w a s  essentially  constant up t o  maximum lift) 
than  constant-chord flap controls of about the.  same- &rea and were about 
twice  as  effective as half-del ta   t ip  controls .  The all-movable ta i ls  
produced l e s a - l i f t  per  degree of control  deflection (which also WBS 

F 

f .  

I 

I 
I 

I 

! 

I 
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essentially  constant up to maxFmum lift) than the  constant-chord  flag 
controls or hal f -de l ta   t ip   cont ro ls .  

5. The tail pos i t ion   for  maximum pitching-moment effect iveness  was 
high and rearward i n  con t r a s t   t o  a  low-rearward posi t ion for the most 
desirable   s ta t ic   longi tudinal   s tabi l i ty . .  -. - 

Langley Aeronautical Laboratory 
National  Advisory Committee f o r  Aeronautics 

. Langley Field, Va. 
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I Figure 1.- S t a b i l l t y  system of axes. Arrows FndiC8te posit ive  direction 
of forces, moments, and angular dlsplacanents . 
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Hp 3 E 50 

f - 

Figure 2. - Pertlnent details of model. Aspect r a t i o  of wing 2.31, area of 
w i n g  576 square inches, airfoi l  section of wing lUC.A 65(6) -006.5. A11 
dimensions are in inches. 
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Figure 3 . -  PertFnent details of horizontal ta i l e .  
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Figure 4.- Triangulu-wing model  mounted i n  Langley stability tunnel. \ 
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C E .  

H2; = 0.25; - = 1.25. 
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Figure. 5 .  - Lift and pitching-momen% characteristics of - model components. 
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Figure 7.- Longitudinal s tab i l i ty  and control  characteristics of a 
60' triangular-wing model having a triangular all-mvable tail. %. . 
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Angle of attack, E', deg' Pltchtng-moment coeffment, C, 

E 

i2 
Figure 8.- Longitudinal s tab i l i ty  vd control  characteristics of a G 

60' triangular-wing model having a triangular all-movable tai l .  H2- 
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Figure 9. a. Longitudinal stability and control  characterietlce of a . ' . 60' triangular-wing &del having. a .triangular all-mavable,  tail; 4. 
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Figure U.- Longitudlnal stability and control  characterlatics o f  a 
' 60° triangulax-wing model having a triangular all-movable t a i l .  %. 
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Figure 12.- Longitudinal stability and control  char&ter is t ics  of a 
'60' triangular-vug W e 1  having a triangular all-movable tail. %. 
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' Figurg 13 .- Longitudinal stabi l i ty  &d control characteristics of a 
60 . triangular-wing model having a triangular all-movable tall. Q. 
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Figure &.- Longitudinal stability and control characteristics of a 
60° triangular-wlmg model having a triangular all-movable tail. %. 
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Figure 15.- Longitudinal  stability  and contml characteristLcs of 'a 60' t r k m g u b r - w i n g  .model ham a triangular all-movable tail. 
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Figure 16;- Longitudinal s t a b i l i t y  and control characteristics of a 8 
ul r 
P 
H 
0 rn 

60° triangular-wing model having a tr iangular all-mvable tail. %. 
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Figure 17.- Longitudinal stabi l i ty  and control character is t ics  of a 
' 60' triangular-wing model having a triangular all-movable tail. %. 

w 
W 



. .  . . . .  . .  

Figure 18.- h g l t u d l n a l  s t ab i l i t y  and control  characteristics of a 
60° triangular-ving model having a triangular all-mvable tail. - IQ. 
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Figurg.21.- hngitudinal s t ab i l i t y  and control characteristics of a 
60 triangular-wlng model having a triangular all-movable tail. %. 
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Figure 22.- Loagitudiaal stability and control characterlatics of a 
60° triangular-wing model having a triangular all-movable tail. He. 
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Figure 23.- Longitudinal  stability .and cont ro l  characteristics o f  a 
60° triangular-wing'model having a trianguLar all-movable tail.  HI. 
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Figure 24.- Longitudinal s tabi l i ty  and contml  characteristics of a 60' triangular-wLng model having a triangular all-movable t a i l .  %. 
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Figure 25.- Imgitudinal stabi l i ty  imd control  characteristic6 of a 60' triangular-xlng model having a trlmgdm all-movable .tail. H4. 



Lif f Coeffmen f, C' 

Figure 26.- Effect of t a i l  length and t a i l  height on s ta t ic   longi tudina l  
s t a b i l i t y   c h a r a c t e r i s t i c s  of a 600 trim lar-wing model having a 

. t r iangular  all-movable t a i l .  H2; it = 0 P . 
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Ffgure 27.- E f f e c t  of ;ail height on s t a t i c  longitudinal s t a b i l i t y  
characterist-icg of a 60° triangular-wing model having a triangular 
all-movable t a i l .  Hz; it = Oo. 
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Ltff coefficient, CL 

Figure 28.- Effect of tail length and tail height on static longitudinal 
stability  characteristics of a 60' triangular-wing model having a 
triangular all-movable tail. 32; C"cL = -0.10; it = 00. (&e text 

for  centers of  gravity.) 
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Figure 29.- Effect of  t a i l   he igh t  on statiic longitudinsl  s t ab i l i t y  

characteristics of a 60° triangular-wing model having a triangular 
al laovable  ta i l .  H2; CmcL = -0.10; it = oO. (See text f a r  centers 
of gravftg . ) 
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Maxmtm change In dt;, dCL between CL = 0 and CL- 08 / 
Less than 0.05 F ' 
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Angle of attuck, Z, deg 

Figure 31.- Effect of tail- length on ,variation of effective downwash angle 
with angle of.attack for a 60° triangular-wing model having a triangular 
all-movable tai l .  Hz; it = Oo. . 
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Angle of ffttock, E, deg 

Fi&e 32.- Effect of t a i l  length on var ia t ion  of' ef fec t ive  downwash 
angle with angle of attack for a 600 t r iapplar -wing  model having 
a t r iangular  all-movable tail. Q; it = 0 , 
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:. Figure 33 .- Effect of  t a i l  length on variation of  effective downwash ' - angle wfth angle of attack for a 60°- t r h n p l a r - w i n g  model having 
a triangular all-movable tail. Hz; it '= 0 
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Angle of attack, E, deg 

34.- Effect  of  t a f l  height on var ia t ion  of   effect ive downwash 
angle with angle o f  attack f o r  a 60° triangular-wing model having 
8 triangular  all-movable tail. Hz; i t - = - O o .  
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Figure 35 . -  Effect of t a i l  height on variation o f .  effective downwash 
angle w i t h  angle of attack for--a 60° trim lar-wing model havFng 
a triangular all-movable tail. H2; it = 0 . 9 

. .  





53 NACA RM ~51106 
. ,  

I. 6 

-8 

.4 

0 
f - 

c' 

-4 . 0 4 ' 8 I2 I6 20 24 28 32 36 

_I Angle of  &fa&, E, deg 

- Figure 37.:. Effect of tail length and t a i l  height on variation of (qt/q)e - with'angle of attack f o r  a 60° triangular-wing model havfng a triangular 
all-movable tail. Hz; it = Oo. 

~ "" . .  
. .  

" - 

I 

i 



I. 2 

.8 

.4 

0 

I 
-4, 0 4 .8 12 16 20 24 28 32 36 

Figure 38.- Effect of t a i l  'height on variation of (qt/q). xith angle of 

attack f o r  a 60' triangular-wing model baving a triangular all-movable 
tail. %; it = 00. 
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L I f t  coefftclent, CL 

(a )  .c"cL vaxi ed . 

Ll f t coefflclent, C 

(b) C,,, = -0.10. 
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F i w e  39.- Effect of  t a i l  area and aspect  ratio on 8 tat i c  10ngLtudinal 

. r  

I 

I 

I 

I 

I 

I 

- 
stabil-ity characterist ics of a 60° triangular-wing model having 8 

tr iangular all-movable t a i l .  
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Angle of  oftack, deg 
- 

Figure 40.- Effect of t a i l  area and aspect  ratio on variation of effect ive (. 

downwash angle with angle of at tack for a 63O triangular-wing model 
having a triangular all-movable tail. 
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~. - Figure 41. - Vaiiation of ace/& with.  SH/S of  a 60° triangular-wing 

model having a  triangular  all-movable  control  surface. a = 0’. 
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Figure 42. - Effect of  t a i l  area and aspect  ratio on .variation of ( qt/qIe 
with angle of  attack f o r  a 60° triangular-wing model. having a triangular 
all-movable t a i l .  
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Figure 43.- Effect of tail length and tail height on variation of C 
-L4 

% with cL for  a 60' triau@az-wing mdel hiwhg a triangular 

all-mvable tail. = -0.~3 at cL = 0. (See text for centem 

of gravity. 1 
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Figure 44.- Variation of CL ana with tail length and tail height. 
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