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SUMMARY 

A n  investigation has been made t o  determine the s t a t i c  longitudinal 
s t a b i l i t y  and control character is t ics  of a t a i l l e s s  wing4ody combina- 
t i o n  having a pointed wing with an aspect r a t i o  of 2 and trailing-edge 
elevons. The effectiveness of i n se t  tabs i n  reducing the elevon hinge 
moment was a l so  determined. 

Data presented include the l i f t ,  drag, pitching moment, elevon 
hinge moment, tab hinge moment, elevon load, and center of pressure of 
elevon load. Data are presented f o r  a range of angles of attack, 
elevon deflection, and tab deflection a t  Mach numbers up t o  0.93. Most 
of the data  were obtained a t  a Reynolds number of 3.0 million, but a t  a 
Mach number of 0.24 data were also obtained a t  Reynolds numbers up t o  
15.0 million. 

The effects  of compressibility on the longitudinal character is t ics  
were similar t o  those on other wing4ody conibinations having low-aspecb 
r a t i o  tr iangular wings. 

The effectiveness of the elevons i n  producing both l i f t  and pitch- 
ing  moment increased with increasing Mach number. 
moment due t o  elevon deflection increased rapidly as the Mach number was 
increased above 0.80. 
changed from negative t o  posit ive as the Mach number increased above 0.83. 
The effectiveness of the tabs i n  reducing elevon hinge moment increased 
with increasing Mach number. 

The elevon hinge 

The elevon hinge moment due t o  angle of s t tack  

The data were used t o  estimate the longitudinal s t a b i l i t y  and con- 
t r o l  character is t ics  of an assumed airplane, geometrically similar t o  
the model. Two d i f fe ren t  types of longitudinal control systems were 
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considered fo r  the analysis: a d i rec t  elevon control and a servotab 
contr 01. 

With the center of gravity a t  a location which would provide a 
minimum elevon-fixed s t a t i c  margin of 5 percent, both the d i r ec t  elevon 
control and the servotab control provided about the same maximum trimmed 
l i f t  coefficient throughout the speed range. 
the s t i c k  force required for  the elevons w i t h  the servotab system was 
much smaller than tha t  required fo r  d i rec t  elevon control. 

A t  the higher Mach numbers, 

INTRODUCTION 

Research i s  i n  progress a t  the various NACA f a c i l i t i e s  t o  determine 
the aerodynamic character is t ics  of f l a p t y p e ,  t r a i l i n g e d g e  elevons on 
law-aspect-ratio wings a t  both subsonic and supersonic speeds. 
e f fec ts  of elevan plan form and trailing-edge prof i le  on the aerodynamic 
character is t ics  of elevons on a th in  tr iangular wing of aspect r a t i o  2 
have been determined at  high subsonic and low supersonic speeds and 
have been reported i n  reference 1. 

The 

As a par t  of this research, there are reported herein r e su l t s  of 
tests conducted i n  the Ames 12-foot pressure wind tunnel a t  Mach n u w  
bers  up t o  0.95 t o  determine the aerodynamic character is t ics  of constant- 
percent-chord, f l a p t y p e ,  trailing-edge elevons on a pointed wing having 
an aspect r a t i o  of 2. The effectiveness of i n se t  tabs i n  reducing the 
elevon hinge moment i s  a l so  presented. 
back 56.3O and the t r a i l i n g  edge was swept forward 26.6O. 

The wing leading edge was swept 
3 

NOTATION - 

a n o m  acceleration, f t /sec2 

b wing span, f t  

C loca l  wing chord, f t  

b/2 c2dy 
$0 
.bj2’ f t  so 

F wing mean aerodynamic chord, 

C e  elevon chord, f t  

C a  elevon chord through elevon centroid of area, f t  
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elevon reference chord, ca x cos 6e, f t  

tab chord, f t  

acceleration due t o  gravity, f t /sec2 

length of body including portion removed t o  accommodate 
sting, f t  

maximum l i f t -drag  r a t i o  

Mach lnrmber 

first moment of area of exposed elevon behind hinge l ine ,  f t  

first moment of area of exposed tab behind hinge l ine ,  f t 3  

normal acceleration factor, a/g 

f r ees t r eam dynamic pressure, lb/sq f t  

Reynolds nuniber based on wing mean aerodynamic chord 

radius of body, f t  

m a x i m u m  body radius, f t  

t o t a l  wing area including the area formed by extending the 
leading and t r a i l i n g  edges t o  the plane of symmetry, sq  f t  

exposed area of elevon behind hinge l i ne ,  sq f t  

weight of assumed airplane, l b  

gliding speed, mph 

sinking speed, f t /sec 

longitudinal distance from elevon hinge line measured i n  the 
chord plane of the wing (negative t o  ress of hinge l ine),ft  

longitudinal distance from nose of body, f t  

l a t e r a l  distance normal t o  plane of symmetry, f t  

angle of attack of the body axis,  deg 
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6e elevon deflection, with respect t o  wing-chord plane, measured 
i n  planes perpendicular t o  the elevon hinge l i n e  (posit ive 
downward), deg - 

tab deflection, w i t h  respect t o  elevon-chord plane, measured 
i n  planes perpendicular t o  the tab hinge l i n e  (posit ive 
aownwma), deg 

elevon deflection correction due t o  applied load  (additive),  

tab deflection correction due t o  applied load (additive),  deg 

deg 

drag 
drag coefficient,  - 

qs 

elevon load coefficient based on elevon load normal t o  wing- 
elevon load 

qSe 
chord plane, 

hinge moment 
2qMb 

e levon hinge-moment coefficient , 
hinge moment 

2qMAt 
tab hinge-mment coefficient,  

l i f t  l i f t  coefficient,  - 
qs 

pitcbing-moment coefficient about the 2Fpercent  point of the * 

pitching moment wing m e a  aerodynamic chord, qsc 

r a t e  of change of elevon normal-force coeff ic ient  with a 
change i n  angle of attack for  a constant elevon angle and 
tab angle, acF/&, measured a t  a = 0, per deg 

r a t e  of change of elevon normal-force coeff ic ient  w i t h  a 
change in elevon angle fo r  a constant angle of at tack and 
tab angle, aQ/atk, measured a t  6e = 0, per deg 

r a t e  of change of elevon hingedloment coeff ic ient  with change 
i n  angle of a t tack for  constant elevon deflection, dCh&, 
measured at a = 0, per deg 

r a t e  of change of elevon hinge-moment coeff ic ient  with change 
i n  elevon deflection for  constant angle of a t tack  and tab 
angle, acb/&,  measured a t  6e = 0, per deg 
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r -a te  of change of elevon hinge-moment coeff ic ient  with change 
i n  tab deflection for  constant angle of a t tack  and elevon 
angle, acb/ast, measured a t  6t  = 0 ,  per deg 

rate or c’hmge of tab hingeaoment coefficient with change i n  
tab deflection f o r  constsnt angle of a t tack and elevon 
angle, aCht/aSt, measured a t  6t = 0, per deg 

l i f t  effectiveness parameter, ac,/d6e, measured a t  6e = 0 ,  
per deg 

pitching-moment effectiveness parameter, ac,/dse, measured 
a t  6e = 0, per deg 

slope of the l i f t  curve a t  zero l i f t ,  per deg 

slope of the pitching-moment curve a t  zero lift 

MODEL 

The model used i n  this investigation was 8 wing-body combination 
having a pointed wing w i t h  an aspect r a t i o  of 2 asrd full-span, t ra i l ing-  
edge elevons with inse t  tabs. Figure 1 i s  a photograph of the model 
mounted i n  the wind tunnel. 
frmt views of the model showing some of the model dimensions. 

Figure 2 i s  a drawing of the plan and 

Model Dimensions 

Body 

Fineness r a t i o  
Basic . . . . . . . . . . . . . . . . . . . . . .  .12.3 
Modified f o r  i n s t a l l a t ion  on s t i ng  . . . . . . . .  10.0 . . 0.89 Ratio of s t i ng  diameter t o  base diameter of body 

Wing 

Area, sq ft . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . .  
Sweep, leading edge, deg . . . . . .  
Sweep, t r a i l i n g  edge, deg . . . . . .  
Incidence, deg . . . . . . . . . . .  
Dihedral, deg . . . . . . . . . . . .  
Section (streamwise) 

. . . . . . .  4.014 . . . . . . . .  2.0 . . . . . . . . .  0 . . . . . . .  56.31 . . . . . . .  26.57 . . . . . . . .  0 . . . . . . .  0 . . . .  NACA Ob5-63 
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Elevon 
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Sweep, hinge l ine ,  deg . . . . . . . . . . . . . . .  0 
Ratio of elevon chord t o  wing chord, Ce/c . . . .  0.25 
Ratio of exposed elevon area t o  exposed wing area . 0.25 
Gap between wing and elevons, measured chordwise 

Starboard, In. . . . . . . . . . . . . . . . . .  0.015 
Port, in. . . . . . . . . . . . . . . . . . . .  0.025 

Gap between elevons and b d y ,  measured spanwise, 

F i r s t  moment of area of exposed elevon behind 
se = 0'9 in-  0.015 . . . . . . . . . . . . . . . . . .  
hinge l i ne ,  f t 3  . . . . . . . . . . . . . . .  .0.0699 

Tab 

Ratio of tab chord t o  elevon chord, Ct/Ce. . . . .  0.23 
Ratio of exposed tab span t o  exposed elevon span . 0.40 
Ratio of exposed tab area t o  exposed wing area . . 0.04 . . . . . . . .  0.015 
Fi rs t  moment of area of exposed tab behind 
Gap between elevons and tabs, in .  

hinge line, f t 3  . . . . . . . . . . . . . . .  0.00321 
The body, which was constructed of aluminum, was the one used i n  

the tes t s  reported i n  references 2 and 3. 
a tin-bismuth a l loy  bonded t o  a s t e e l  spar. 
were accurately contoured and polished smooth. 

The wing was constructed of 
Both the wing and body 

The elevons and tabs were constructed of s tee l .  The a i r f o i l  sec- 
t i on  behind the elevon hinge l i ne  was modified from the NACA 000543 t o  
a section having straight-line elements from the elevon hinge l i ne  t o  
the t r a i l i ng  edge. This resulted i n  a trail ing-edge angle of 6' com- 
pared with 6.6' fo r  the basic section. 
trailing-edge thickness of approximately 0.005 inch a l l  along the span. 

. 

The modified section had a d 

Cantilever, bending-type, e l ec t r i ca l  s t r a i n  gages were used t o  
measure both the elevon and tab hinge moments on the starboard wing only. 
The elevon on the port wing was instrumented t o  provide for  measurement 
of the elevon load normal t o  the wing-chord plane. 
determined by use of e l e c t r i c a l  s t r a i n  gages mounted on the elevon 
hinges which were located i n  the wing-chord plane. 

These loads were 

The gaps between the elevons and the wing, between the elevons and 
the tabs, and between the elevons and the body were not sealed during 
the investigation. 

-. 
The model was mounted on a s t ing  support i n  the wind tunnel. 

A klnch-diameter, komponent,  strain-gage balance enclosed within the 
model body was used t o  measure the model forces and moments. 
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TESTS 

T e s t s  of the model were made to  determine the effect  of Mach nun- 
ber on ~ ~ n - g t i ~ ~ ~ n a l .  s t ~ % f l i Q  s_qd c~ +.he effectiveness c ~ f  
the constant-percent-chord, trailing-edge elevons as a longitudinal con- 
t r o l  device. Tests were also made to determine the effectiveness of 
constant-percent-chord, inse t  tabs i n  reducing the elevon hinge moment. 

The majority of the t e s t  data were obtained thraughuut a range of 

These data  were obtained for elevon de f l ec t ims  of 0' t o  -15' 
Mach numbers from 0.24 t o  0.95 a t  a constant Reynolds number of 3.0 m i l -  
l ion.  
i n  combination w i t h  tab deflections of 0' t o  15'. 
were obtained f o r  elevon deflections of 4 O 0 ,  5O, and 20'. 

Some additional data  

Data a t  a Mach number of 0.24 were obtained fo r  Reynolds numbers 
up t o  15.0 million f o r  several  representative combinations of elevon 
a\nd tab deflections. 

CORKECTIONS TO DATA 

The data presented herein have been corrected by the method of 
reference 4 for  the induced effects of the tunnel walls resul t ing from 
lift on the model. The magnitudes of the corrections which were added 
t o  the measured values are 

& = 0.26 cL 

ACD = 0.0046 C L ~  

The induced ef fec ts  of the tunnel wall on the pitching moment and hinge 
moment were calculated and found t o  be negligible. 

Correction of the data fo r  the e f fec ts  of the constriction due t o  
the tunnel wall w a s  calculated by the method of reference 5. This cor- 
rect ion was calculated fo r  the model at  Oo angle of a t tack and was 
applied t o  the data throughout the range of angles of attack. The cor- 
rect ion amounted t o  an increase of about 2 percent i n  the dynamic pres- 
sure a t  a Mach number of 0.90. 

n 

The ef fec t  of the interference between the model and s t ing  support 
on the aerodynamic character is t ics  i s  not known. It i s  believed that 
the main e f fec t  of the s t ing  was t o  a l t e r  the pressure a t  the base of 
the model body. Consequently, the pressure a t  the base of the model 
w a s  measured and the  drag data were adjusted t o  correspond t o  a base 
pressure equal t o  free-stream s t a t i c  pressure. 
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DISCUSSION 

The resul ts  w i l l  be discussed i n  two sections. The f i r s t  section 
w i l l  deal with the basic character is t ics  of the wing-body combination, 
elevons, and tabs. I n  the second section the data  w i l l  be applied t o  
the prediction of the longitudinal s t a b i l i t y  and control characteris- 
t i c s  of an assumed t a i l l e s s  airplane geometrically similar t o  the wind- 
tunnel model. Caution must be exercised i n  the use and interpretat ion 

- 
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The basic data have not been corrected for  the change i n  elevon 
and tab angles due t o  the deflection under load of the hinge-moment 
s t r a i n  gages. The summary plots have been adjusted t o  account f o r  
these angle changes. I n  order t o  f a c i l i t a t e  correction of the data, 
there i s  given i n  figure 3 a summary of the deflection of the elevons 
and tabs due t o  load a t  various values of Mach nuniber and Reynolds 
nunher. 

The deflection of the port  elevon normal t o  the wing-chord plane 
was measured and found t o  be negligible. 

FiESULTS 

The bas i c  data  are  presented graphically i n  figures 4 through 39 
and show the variation of the angle of attack, drag coefficient,  and 
pitching-moment coefficient with l i f t  coefficient;  the variation of 
elevon and tab hinge-moment coefficients w i t h  angle of attack; and the 
variation of elevon load coefficients and the location of the center 
of pressure of elevon load with angle of attack. A l l  basic data  are  
given for  uncorrected values of elevon and tab deflection. Pitching- 
moment data are presented about a moment center a t  the 2Fpercent 
point of the wing mean aerodynamic chord. 

Table I lists the figures presenting the basic data  and shows the 
range of variables covered by the t e s t s  a t  each Mach number and 
Reynolds number. 

A summary of the effects  of compressibility on the aerodynamic 
characterist ics of the model and on the elevon and tab parameters i s  
presented i n  figures 40 through 45. 

Results of application of the data t o  estimate the longitudinal 
s t a b i l i t y  and control character is t ics  of an assumed airplane geometri- 
ca l ly  similar t o  the model are presented i n  figures 46 through 49. 
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of the slope parameters. Because of the nonlinear variation of the 
forces and moments with angle of attack and elevon deflection, these 
parameters are  applicable only a t  angles of a t tack  and elevon deflec- 
t ions near zero. 

Basic Characteristics 

L i f t  and Pitchina moment.- The effects  of compressibility on the 
l i f t ,  drag, and pitching moment of the wing4ody combination with the 
controls whdeflected are summarized i n  figure 40. With the exception 
of the more forward location of the aerodynamic center, the character- 
i s t i c s  of the wing are similar t o  those previously measured on a tri- 
angular wing of aspect r a t i o  2 and reported i n  reference 3. 

The effectiveness of the elevons i n  producing l i f t  and pitching 
moment i s  summarized i n  figures 4 1  and 42, respectively. 
effectiveness increased with increasing Mach number up t o  a Mach 
number of about 0.93 but decreased abruptly as the Mach number was fur- 
ther  increased t o  0.97. The pitching-moment effectiveness C q e  of 
the elevons increased w i t h  increasing Mach number up t o  the highest 
Mach number of the t e s t ,  0.95. 
t o  100 increased both the l i f t  and pitching-moment effectiveness of the 
elevons but caused l i t t l e  change i n  the variation of the effectiveness 
w i t h  Mach nuniber. 

The l i f t  

Increasing the tab deflection from 0' 

A comparison of the l i f t  and pitchingaoment effectiveness of the 
elevons with those of constant-chord and constanhpercent-chord elevons 
on a triangular wing having an aspect r a t i o  of 2 ( ref .  1) i s  a l so  pre- 
sented i n  figures 41 and 42, respectively. 
t i v e  i n  producing l i f t  and pitching moment than the constant-chord 
elevons on the t r iangular  wing. They were a l so  l e s s  effect ive i n  pro- 
ducing l i f t  than the constant-percent-chord elevons on the tr iangular 
wing but  were more effect ive i n  producing pitching moment. 

The elevons were l e s s  effec- 

The l i f t  and pitching-moment effectiveness parameters were l i t t l e  
affected by an increase of Reynolds number from 3a0 million t o  15.0 
million a t  a Mach nuniber of 0.24 (figs. 34 through 39) .  

Elevon and tab parmeters.- The e f fec ts  of compressibility on the 
elevon and tab hinge-moment parameters are presented i n  figures 43 and 44. 
The absolute magnitude of increased gradually with increasing 
Mach number up t o  a Mach number of 0.80, where a fur ther  increase of 
Mach number t o  0.97 resulted i n  a very rapid increase of 

The elevon hinge moment due t o  angle of attack changed from 
%a 
C 



10 NACA RM A53C20 

negative t o  posit ive as the Mach number was increased above 0.83. I n  
the Mach number range from 0.60 t o  0 . 9 ,  both the elevon hinge moment 
due t o  angle of a t tack and tha t  due t o  elevon deflection were generally 
smaller than the binge moment fo r  the elevons on the tr iangular wing 
which were reported i n  reference 1 (f ig .  43) .  

. 

An increase of tab deflection resulted i n  a more negative value 
of C h 8 ,  
above a Mach number of 0.65. 

above a Mach number of 0.40 and a more negative value of C h a  

and the hinge-moment , The tab effectiveness, as measured by 

parameter, C h t s t ,  increased with an increase i n  Mach number (fig.  44). 

The effects  of Reynolds number on the elevon and tab hinge moments 
a t  a Mach number of 0.24 are  shown i n  figures 34 through 39. 
of the data sh.ows tha t  the absolute magnitudes of both 
and Chest 
l i o n  t o  15.0 million, while C b a  and mtst remained essent ia l ly  
unchanged. 

Analysis 
C& se 

decreased with an increase of Reynolds number from 3.0 mil- 

A comparison of the variation of the elevon and tab hinge-moment 
parameters, C k g e  and Cht , with Mach number showed that the hinge 

moment per u n i t  deflection and the e f fec t  of compressibility on the 
hinge moment were smaller f o r  the tab than fo r  the elevon. The implica- 
t i on  here i s  that e i ther  a srnaller-chord control or a p a r t i a l d p a n  con- 
t r o l  w i l l  have hinge-moment character is t ics  which are l e s s  affected by 
compressibility than those of the full-span, 25-percent-chord elevon. 

st 

- 

The effects  of compressibility and tab def lect ion on the elevon 
load  parameters a re  presented i n  figure 45. 

Appli c a t  i on of Data 

I n  order t o  assess the merits of t h i s  par t icu lar  wing plan form 
and control fo r  use i n  a prac t ica l  application, the data  have been 
applied t o  the prediction of the s t a t i c  longitudinal s t a b i l i t y  and con- 
t r o l  characterist ic s of a hypothe ti c a l  airplane geometrically s i m i  lar  
t o  the model. 
center of gravity w a s  assumed t o  be a t  the 25-percent point of the wing 
mean aerodynamic chord. With t h i s  center-of-gravity location the air-  - 
plane had a minimum elevon-fixed s t a t i c  margin (at CL = 0 )  of 5 percent 
of the mean aerodynamic chord. 

The wing area was assumed t o  be 450 square f e e t  and the 
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I n  the application of the data, two types of longitudinal control 
have been considered. For the first of these, the elevon i s  d i r ec t ly  
connected t o  the control s t ick ;  for  the second, the tab i s  d i r ec t ly  
connected t o  the control s t i c k  and movement of the s t i c k  changes the 
elevon deflection by changing the angle f o r  zero hinge moment (elevon 
f loa t ing  angle ) . 

. .  Characteristics of e a i r d a n e  i n  the b al- .- The 
variations with balanced l i f t  coefficient (Cm = 0) of the drag coeffi- 
c ien t ,  the l i f t -d rag  r a t io ,  the angle of a t tack and the elevon and tab 
deflection are shown i n  figure 46. 
represented by the l i f t - d r a g  r a t i o  i s  about the same for  both the plain- 
elevon and the servotab control a t  the Mach numbers above 0.80. However, 
a t  the lower Xach num3ers the airplane with the p la in  elevons was the 
more e f f i c i en t  for  l i f t  coefficients less  than about 0.50. The decre- 
ment i n  maximum l i f t -d rag  r a t i o  due t o  balancing the assumed airplane 
varied from about 25 percent a t  low speeds t o  about 10 percent a t  the 
intermediate Mach numbers, becoming about 23 percent a5 the Mach number 
was fur ther  increased t o  0.92. 

The eff ic iency of the airplane as 

A n  apparent loss  i n  elevon pitching-moment effectiveness for  both 
control systems was shown by the nonlinear manner i n  which the elevon 
deflection varied with balanced l i f t  coefficient.  T h i s  apparent loss 
appeared a t  a l l  Mach numbers and increased with an increase i n  Mach 
number. There were two factors  which contributed t o  t h e  loss i n  effec- 
tiveness. The f i r s t  of these factors was an actual  loss  i n  elevon 
effectiveness a t  the larger elevon deflections, w h i l e  the second was a 
rearward s h i f t  i n  the aerodynamic center of the wing4ody combination 
with an increase i n  l i f t .  A study of figures 4 through 11 shows tha t  
the posit ion of the aerodynamic center ( a t  CL = 0 )  did not vary great ly  
with an increase i n  Mach number up to  about 0.90; w i t h  f'urther increase 
i n  Mach number it moved rapidly rearward. However, as the l i f t  coeffi- 
c ien t  W ~ S  increased there was a point a t  which there w a s  a rapid increase 
i n  s t s b i l i t y ,  and this rapid increase occurred at progressively lower 
l i f t  coefficients as the elevon deflection was increased negatively t o  
balance the sirplane. I f  t h i s  point of rapid increase i n  s t a b i l i t y  i s  
a rb i t r s r i l y  defined as the point a t  which the slope of the pitching- 
moment curve exceeded -0.15, then the following observations may be 
made: A t  a blsch number of 0.24 there was a rapid increase i n  s t a b i l i t y  
st an mgle of at tack of about 21° while a t  a Mach number of 0.90 t h i s  
incresse occurred a t  an angle of attack of about 100. The angle of 
s t t ack  st which the s t a b i l i t y  increased was re la t ive ly  unaffected by 
elevon deflection. 

For the servotab control, the variation of the tab deflection with 
balance l i f t  coefficient was of such 9 nature 9s t o  preclude use of a 
simple linked tab. Due t o  the highnegstive value of C ( for  a > O O )  

&a 
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a t  the higher lift coefficients,  it was actual ly  necessary i n  some 
instances t o  use a negative tab angle t o  produce the negative elevon 
f loat ing angle necessary t o  balance the airplane. A t  the higher Mach 
numbers, large posit ive tab angles were required primarily because of 
the large negative value of C b g e  ( for  a> o O ) .  

f igure 47, both longitudinal control systems were capable of balancing 
the assumed airplane i n  power-off gliding f l i gh t .  
elevon control resulted i n  a lower sinking speed at  gliding apeeds 
greater than about 155 miles per hour, while a t  lower gliding speeds, 
the servotab control resulted i n  smaller sinking speeds. A s  would be 
expected, the use of the servotab control with the same control gearing 

Characteristics of the airplane i n  gliding flight.- As  shown i n  

U s e  of the plain- 

(Or tab) de@; resulted i n  a smaller s t i c k  force 
l inear s t i c k  travel, in .  

f o r  the same range of gliding speeds. 

01 forces for a longltudina7lu h n m e d  e - 
plane i n  k v e l  a ecce-.- I n  leve l  f l i g h t  a t  an  a l t i t ude  
of 30,000 fee t ,  a t o t a l  change of elevon def lect ion of less than 2 O  w a s  
su f f i c i en t  t o  balance the airplane a t  Mach numbers from 0.60 t o  0.95 
f o r  wing loadings up t o  60 pounds per square foot  ( f ig .  48). The vari- 
a t ion of elevon angle with speed w a s  such as t o  indicate stick-fixed 
s t a b i l i t y  up t o  a Mach number of 0.90, but, BS the Mach number was fur- 
ther  increased, more negative elevon angles were required t o  balance 
the airplane. T h i s  increase i n  negative elevon angle w i t h  increase i n  
speed above a Mach nuniber of 0.90 was due primarily t o  the rapid rear- 
ward movement of the aerodynamic center. With the servotab control,  
the variation of tab angle with speed was such as t o  indicate stick- 
fixed ins tab i l i ty ,  more posit ive tab angles being required t o  balance 
the airplane as the speed increased. 

The variation of s t i c k  force with speed was such as t o  indicate 
stick-free i n s t a b i l i t y  fo r  e i ther  control system. 
of 40 pounds per square foot,  a pul l  of 2000 pounds w a s  required t o  bal- 
ance the airplane a t  a Mach number of 0.95 when it was i n i t i a l l y  trimmed 
a t  a Mach number of about 0.55. 
control, as calculated from the data of f igure 48, are a pu l l  of about 
120 pounds when i n i t i a l l y  trimmed at a Mach number of 0.55. 

With a wing loading 

Comparable figures fo r  the servotab 

There are a l s o  presented i n  figure 48 the s t i c k  forces required 
f o r  level f l i g h t  a t  30,000 f ee t  with a wing loading of 60 pounds per 
square foot fo r  the two assumed triangular-wing airplanes of reference 1. 
The center of gravity of each of these airplanes w a s  assumed t o  be at  
the 35-percent point of the wing mean aerodynamic chord giving a m i n i m  
elevon-fixed s t a t i c  margin of 5 percent ( a t  CL = 0). 

. 

The variation of 
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. 

s t i c k  force with speed f o r  the airplane with the constant+ercent-chord 
elevons on the t r iangular  wing was such as t o  indicate stick-free 
i n s t a b i l i t y  when trimmed at a Machnumber of 0.85. Although the air-  
plane with the constant-chord elevons was not trimmed i n  the range of 

w a s  such as t o  indicate stick-free i n s t a b i l i t y  only a t  Mach nmibers 
above 0.80. 

x~& ~ q a e r s  frcz 0.a t-0 0.90, the varieticn_ nf s t i c k  f ~ r c e  with speed 

The calculated characterist ics of the assumed pointed-wing airplane 
i n  canstant-speed, leve l  turns producing normal accelerations up t o  4g 
a re  presented i n  figure 49. 
and stick-free maneuver points are behind the center of gravity a t  Mach 
numbers above about 0.85, as evidenced by the more negative elevon 
deflections and the increasing pul l  forces required t o  increase the 
n o d l  acceleration. 
ver point i s  s t i l l  behind the center of gravity but the stick-free 
maneuver point i s  ahead of the center of gravity, as evidenced by the 
increased push force required t o  increase the load factor .  
servotab control, the stick-fixed maneuver point i s  behind the center 
of gravity a t  Mach numbers above about 0.85, i n s t a b i l i t y  being indicated 
at the lower Mach numbers. 

With the elevon control, the stick-fixed 

A t  Mach numbers below 0.85 the stick-fixed maneu- 

With the 

Comparison of the two control systems a t  a Mach nuniber of 0.93 

A t  this Mach number and a normal acceleration of 2g, the 
indicates that large reductions i n  s t i c k  force can be provided by the 
servotab. 
calculated pu l l  force i s  3900 pounds for  the elevon and 240 pounds f o r  
the servotab, the t r i m  Mach number i n  each case being about 0.70. The 
var ia t ion of s t i c k  force with speed was such as t o  indicate stick-free 
i n s t a b i l i t y  fo r  both systems a t  a l l  load factors. 

CONCLUSIONS 

A n  investigation has been made of the s t a t i c  longitudinal s t a b i l i t y  
of a wing-body c d i n a t i o n  having a pointed wing w i t h  an aspect r a t i o  
of 2. The effectiveness of trailing-edge elevons as a longitudinal- 
control device w a s  a l so  investigated, as was the effectiveness of i n se t  
tabs i n  reducing the elevon hinge moment. The fo l la r ing  conclusions 
are  based on an analysis of the data: 

1. Except f o r  a more forward location of the aerodynamic center, 
the aerodynamic character is t ics  of the wing w i t h  elevons undeflected 
are  similar t o  those of a triangular wing having an aspect r a t i o  of 2. 

2. The elevon l i f t  and pitchingaoment effectiveness parameters 
increased with both an increase of Mach number and an increase of tab 
def lec t  i on. 
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3. The elevon hinge moment due t o  elevon deflection increased 
rapidly as the Mach number was increased above 0.80. The elevon hinge 
moment due t o  angle of attack changed from negative t o  posit ive a s  the 
Mach number increased above about 0.83. 

4. The effectiveness of the tabs i n  reducing the elevon hinge 
moment increased with an increase of Mach number. 

Analysis of resu l t s  of application of the data t o  an assumed air-  
plane with e i ther  a plain-elevon control or an elevon with servotab 
control resulted i n  the following conclusions: 

1. Both the plain elevons and the elevons with servotabs were 
capable of balancing the airplane t o  about the same l i f t  coefficients 
fo r  a l l  Mach numbers up t o  0.95. 

2. A t  an a l t i t ude  of 30,000 fee t  with an assumed wing loading 
of 40 pounds per square foot,  both control systems were capable of bal- 
ancing the airplane i n  leve l  f l i g h t  and i n  maneuvers with a normal 
acceleration factor  of 3.0. The s t i c k  force required for  the elevons 
with servotabs w a s  much l e s s  than tha t  required f o r  the plain elevons. 

3. With the center of gravity a t  a longitudinal location which 
w i l l  provide a  mini^^^.^ elevon-fixed s t a t i c  margin of 5 percent and for  
flight a t  an a l t i tude  of 30,000 f e e t  with a wing loading of 40 pounds 
per square foot, the following s t a t i c  i n s t a b i l i t i e s  a re  noted: 

(a )  Unstable variation of elevon angle w i t h  speed a t  Mach 
numbers from0.90 t o  0.95 

(b)  Unstable variation of s t i c k  force with speed i n  leve l  
f l i g h t  at Mach numbers from 0.60 t o  0.97 

( c )  Unstable variation of s t i ck  force with normal accelera- 
tion at Mach numbers below 0.85 

(d)  Unstable variation of servotab angle with speed a t  Mach 
numbers from 0.60 t o  0.95 

( e )  Unstable variation of servotab angle w i t h  normal accel- 
erat ion a t  Mach numbers below 0.75 

Ames Aeronautical Laboratory 
National Advisory Committee fo r  Aeronautics 

Moffett Field,  C a l i f .  
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Figure 1.- A photograph of the model i n  the Ames 12-foot pressure 
wind tunnel. 
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Figure 43 .-The variotion with Moch number of the elevon-hinge- 

moment parometers, 

forms. R, 3.0 million. 
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Figure 45.- The effect of  Much number on the elevon 
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Gliding speed, Vg, mph 

F l g m  47.- The plidhg churucterisfics of the ussumed u/rp/um with two 
diffuent longitudinu/ conto/ sys ferns. A/titude, seu /eve/; wing /ouding, 
40 pounds per squore foot; wing oreu, 450 squure feet; center of 
gravity at 0.25 8; control georlnp, 2.0° per inch of stick travel. 
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Figure 48.- The effect of wing loading on the level-flight characteristics 
of the assumed airplane with two different longitudinal control 
systems. Altitude, 30,000 feet ; wing area 450 square feet ; 
cenfer of gravity at 0.25 E ;  control gearing 2.0" per inch 
of stick travel. 
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Figure 49.- The effect of Moch number on the level and acceferoted flight 
characteristics o f  the assumed oirplane with two different longitudinal 
control systems. Altitude, 30,000 feet ; wing foading , 40 pounds per 
square foof ; wing area, 450 square feet; center of gravity at 0.25 E ;  
control gearing, 2.0° per inch of stick travel. 
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