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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEBRCH MEMORANDUM 

f o r  the 

U. S. A i r  Force 

LONGITUDINAL CONTROL CHARACTERISTICS OF A 1/20-SCALE MODEL 

OF THE CONVAIR F-102 AIRPLANE AT TRANSONIC SPEEDS 

By Robert S. Osborne and Kenneth E. Tempelmeyer 

SUMMARY 

The ef fec ts  of elevator deflections from 0' t o  -20' on the force 
and moment character is t ics  of a 1/20-scale model of the Convair F-102 
airplane with chordwise fences have been determined a t  Mach numbers from 
0.6 t o  1.1 f o r  angles of a t tack up t o  20' i n  the Langley 8-foot transonic 
tunnel. 

The configuration exhibited s t a t i c  Tongitudinal s t a b i l i t y  throughout 
the range tested, althaugh a mild pitch-up tendency was indicated a t  Mach 
numbers from 0.85 t o  0.95- Elevator pi tch effectiveness decreased rapidly 
between the Mach numbers of 0.9 and 1.0; however, no complete lo s s  or  
reversal was indicated f o r  a l l  conditions tested.  Because of the type of 
longitudinal control used, trimming the configuration from the zero e le -  
vator condition resulted i n  substant ial  decreases i n  l i f t -curve slope and 
maximum l i f t -drag  r a t i o  and increases i n  drag due t o  l i f t .  The drag a t  
zero l i f t ,  drag due t o  l i f t ,  and t r i m  drag were high f o r  t h i s  
configuration. 

INTRODUCTION 

A t  the request of the U. S. A i r  Force, a 1/20-scale model of the 
Convair F-102 airplane has been tested a t  transonic speeds i n  the Langley 
8-foot transonic tunnel t o  determine i t s  longitudinal s t a b i l i t y  and con- 
t r o l  character is t ics .  

I n  the i n i t i a l  phase of the investigation, the basic aerodynamic 
character is t ics  of the model with controls undeflected were determined 
and reported i n  reference 1. It was found tha t  the basic configuration 
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with a p la in  wing was subject t o  a severe pitch-up tendency a t  a l i f t  
coeff ic ient  of approximately 0.6 a t  high subsonic Mach numbers. Several 
wing f ixes  were tested i n  an attempt t o  a l lev ia te  the pitch-up tendency, 
with chordwise fences located a t  the 65-percent wing semispan s ta t ion  
providing the most favorable r e su l t s  (see r e f .  1). 

The next phase of the investigation included determination of the 
e f f ec t s  of elevator deflections from 0' t o  -20' on the force and moment 
character is t ics  of the configuration with the chordwise fences a t  the 
65-percent semispan s ta t iou  f o r  Mach numbers from 0.6 t o  1.1 and angles 
of a t tack up t o  20'. The r e su l t s  are  presented herein. 

SYMBOLS 

A aspect r a t i o  

*E duct e x i t  area, sq  f t  

C~ external drag coefficient,  c~ - c ~ I  

C~~ 
in te rna l  drag coefficient,  DI/qS 

C% 
measured drag coefficient,  &/qS 

CDo 
external drag a t  zero l i f t  

drag-due-to-lift factor ,  averaged from CL = 0 t o  

CL = 0.3 

C~ l i f t  coefficient,  L / ~ S  

C L i f t  coefficient f o r  maximum l i f t -drag  r a t i o  
L ( ~ / ~  ),, 

~ C L  - 0 

a, 
l i f t -curve slope per degree, averaged from a = 0 over 

l inear  portion of curve 

l i f t  effectiveness parameter a t  constant angle of a t tack 

Mcg pitching-moment coefficient,  - 
qse 
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static longitudinal stability parameter 

pitch effectiveness parameter at constant lift coefficient 

wing mean aerodynamic chord, in. 

internal drag, m(vo - vE) - AE(pE - po), lb 

measured drag, lb 

lift, lb 

maximum lift -drag ratio 

free-stream Mach number 

pitching moment about center-of-gravity location at 
0.275E and 0.036E above wing-chord plane, in-lb 

mass flow through inlets, slugs/sec 

mass flow in free-stream tube of area equal to projected 
inlet area at a = oO, slugs/sec 

inlet mass-flow ratio 

static pressure at duct exit, lb/sq ft 

free-strem static pressure, lb/sq ft 

f ree-stream dynamic pressure, lb/sq ft 

wing area including fuselage, sq ft 

velocity at duct exit, ft/sec 

free-stream velocity, ft/sec 

angle of attack of wing-chord line, deg 

elevator deflection with estimated correction for distor- 
tion, measured at right angles to hinge line and negative 
when trailing edge is up, deg 
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APPARATUS AND METHODS 

Tunnel 

The t e s t s  were conducted i n  the Langley 8-foot transonic tunnel, 
which i s  a dodecagonal, slotted-throat,  single-return wind tunnel designed 
t o  obtain aerodynamic data through the speed of sound while minimizing the 
usual e f f ec t s  of blockage. The tunnel operates a t  approximately atmos- 
pheric stagnation pressures. Details of tes t-sect ion design and flow 
uniformity a re  available i n  reference 2. 

Model 

The 1/20-scale model of the F-102 used i n  t h i s  investigation w a s  
supplied by the contractor and i s  shown i n  f igure 1. Dimensional de ta i l s  
a re  presented i n  f igure 2. 

The de l t a  wing had 60' sweptback leading edges, 5' sweptforward 
t r a i l i n g  edges, and used NACA 0004-63 (mod. ) streamwise a i r f o i l  sections 
with leading-edge r ad i i  of 0.18 percent chord. It was constructed with 
a s t e e l  leading edge and a tin-bismuth surface formed over a s t e e l  core. 
The chordwise fences were located a t  the 65-percent wing semispan s t a t ion  
and extended from the leading edge t o  the elevators. The fence height 
from the 10- t o  50-percent-chord s tat ions was equal t o  the maximum loca l  
a i r f o i l  thickness. 

The fuselage incorporated twin ram i n l e t s  (designed f o r  the J-67 
engine) with in te rna l  ducting t o  the j e t  e x i t  a t  the model base. The 
base diameter was enlarged 0.3 inch (13.5 percent) over tha t  f o r  a t rue  
1120-scale model i n  order t o  insure tha t  the duct flow would not be 
c r i t i c a l  at the e x i t  with the s t ing  i n  place. Enlarging the base decreased 
the average b o a t t a i l  angle on the order of The ve r t i ca l  t a i l  had 
the same plan form and a i r f o i l  sections a s  the wing semispan and included 
a f l a t -p l a t e  antenna located just  above the rudder. 

The configuration had no horizontal  t a i l .  The elevators were wing 
trailing-edge f l aps  deflected about hinge l ines  perpendicular t o  the 
model center l i ne .  The t o t a l  elevator area rearward of the hinge l i n e  
was 10.2 percent of the t o t a l  wing area. The wing elevator gap ahead of 
the hinge l i n e  was sealed. 

Additional model de ta i l s  such a s  a i r f o i l  ordinates and a cross- 
sectional area d is t r ibut ion  are  available i n  reference 1. 

CONFIDENTIAL 
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Model Support System 

The model was attached t o  a strain-gage balance located inside the 
fuselage. The s t ing  support was cyl indrical  f o r  a distance of 3.2 base 
diameters rearward of the model base, and at i t s  downstrean end was 
attached t o  a support tube through couplings which were varied t o  keep 
the model near the center of the tunnel a t  a l l  angles of attack. The 
support tube was fixed axial ly  i n  the center of the tunnel by two se t s  
of support s t r u t s  projecting from the tunnel walls. 

Measurements and Accuracy 

The t e s t  Mach number was determined t o  within f0.003 from a calibra- 
t i o n  with respect t o  the pressure i n  the chamber surrounding the s lo t ted  
t e s t  section. 

L i f t ,  drag, and pitching moment were determined from an in terna l  
strain-gage balance. The pitching moment was measured about a center- 
of-gravity location at  27.5 percent of the mean aerodynamic chord and 
3.6 percent of the mean aerodynamic chord above the chord plane. The 
force and moment coefficients were estimated t o  be accurate within the 
following limits up t o  a l i f t  coefficient of at l eas t  0.4: CL, 20.005; 
CDm7 20.001; CM, ?0.001. 

The mass flow through the ducts and the in te rna l  drag were determined 
from separate t e s t s  using pressure measurements made with a survey rake 
located a t  the model base. The in terna l  drag coefficients were estimated 
t o  be accurate within k0.001. 

The angle of a t tack  w a s  determined t o  within 0~15' from a fixed- 
pendulum strain-gage uni t  located i n  the support s t ing  and from a ca l i -  
bration of s t ing  and balance deflection with respect t o  model load. The 
0' elevator se t t ing  was locked in  posit ion and was estimated t o  be accu- 
ra te  within O . l O .  The other elevator sett ings,  requiring corrections f o r  
d is tor t ion  due t o  load, were probably accurate t o  within 0 . 5 ~ .  

Tests 

The model was tested a+, Mach numbers from 0.6 t o  1.1 a t  angles of 
a t tack  from 0' t o  approximately 20' with elevator deflections of oO, -509 
-lo0, -15O, and -20'. A t  the higher Mach numbers, the maximum attainable 
angle of a t tack was reduced t o  l e s s  than 20' by tunnel power and balance 
l imitations.  

CONFIDENTIAL 
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A l l  t e s t s  were run with a i r  flow through the ducts; however, inter-  
na l  flow character is t ics  were measured only f o r  the 0' elevator case a t  
angles of a t tack up t o  15O. 

The t e s t  Reynolds number based on the wing mean aerodynamic chord 
6 was of the order of 4.5 x 10 ( f ig .  3 ) .  

Corrections 

The s lot ted walls of the t e s t  section minimize subsonic boundary 
interference effects ,  and no corrections f o r  t h i s  interference have been 
applied. 

The e f fec t s  of supersonic boundary-reflected disturbances were 
reduced by tes t ing  the model a few inches off the tunnel center l i ne .  
However, these disturbances probably caused the measured drag a t  low 
l i f t  coefficients t o  be s l ight ly  high a t  Mach numbers near 1.05 and 
s l igh t ly  low a t  a Mach number of approximately 1.10. These er rors  have 
been minimized by judicious f a i r ing  of a l l  drag data except f o r  the meas- 
ured drag i n  figure 5 ,  and it i s  believed tha t  none of the general trends 
exhibited by these fa i red  data or  the conclusions drawr! therefrom were 
-ffecteC? by boundary-reflected disturbances. 

No corrections f o r  s t ing interference have been applied. Sting 
ef fec ts  should be small, however, since the flow through the internal  
ducting system surrounds the s t ing  a s  it leaves the j e t  e x i t .  

The 0' elevator was locked i n  posit ion and no correction f o r  d is tor -  
t i o n  of the elevator due t o  a i r  load was applied. The other elevator 
set t ings were not restrained a s  rigidly,  however, and corrections f o r  
d is tor t ion  due t o  load have been applied. These corrections were deter- 
inined by comparison of the present data with unpublished data obtained 
from t e s t s  of a similar configuration employing re la t ive ly  r ig id  elevators 
i n  the Langley 8-foot transonic tunnel. 

It was estimated tha t  the approximately 1.5' decrease i n  b o a t t a i l  
angle f o r  the model tes ted as  compared with that f o r  a t rue  1/20-scale 
model resulted i n  a decrease i n  external drag coefficient which was well 
within the accuracy of the data, and no correction has been applied. 

RESULTS 

A l l  t e s t s  were run with the ducts open; however, i n l e t  mass-flow 
ra t ios  and in terna l  drag coefficients were obtained f o r  the zero-elevator- 
deflection case only and are presented i n  figure 4. 
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The basic force and moment character is t ics  of the model with various 
elevator deflections are  presented as a function of l i f t  coefficient a t  
constant Mach number i n  figure 5. The measured drag &ata presented i n  
t h i s  f igure include both the in te rna l  and external drag. 

The lift coefficients required f o r  leve l  f l i g h t  of the F-102 air- 
plane a t  a combat wing loading of 35.4 lb/sq f t  have been calculated f o r  
a l t i tudes  from sea l eve l  t o  60,000 f e e t  and are  presented i n  f igure 6. 

Summary and analysis data a re  presented i n  f igures  7 t o  14. Drag 
data used i n  f igures  10 t o  14 have had the in te rna l  drag of f igure 4 
removed. I n  subtracting the in te rna l  drag f o r  the zero-elevator- 
deflection case from data with elevator angles from 0' t o  -20°, the 
reasonable assumption has been made that elevator deflection had no 
e f fec t  on the model's in te rna l  flow character is t ics .  

DISCUSSION 

Pitching-Moment Characteristics 

S ta t ic  longitudinal s t ab i l i t y . -  The configuration exhibited s t a t i c  
longitudinal s t a b i l i t y  f o r  a l l  elevator angles and l i f t  coefficients 
tes ted ( f ig .  5); however, there were nonllnearit ies i n  the pi tch curves 
f o r  some elevator deflections i n  the trim region a t  Mach numbers from 
0.85 t o  0.95. The r e su l t s  of dynamic response calculations ( re f .  3,  f o r  
example) indicate that these nonlinearit ies could cause mild pitch-up. 
It was apparent, however, t ha t  over the elevator-deflection range tested 
the chordwise fences ins ta l led  on the wings b d  been successful i n  sub- 
s t an t i a l ly  reducing the severe pitch-up associated with the plain wing 
(see r e f .  1). 

Values of the s t a t i c  longitudinal s t a b i l i t y  parameter - 
a t  l i f t  coeff ic ients  f o r  trimmed l eve l  f l i g h t  f o r  a l t i tudes  from sea 
l eve l  t o  60,000 f e e t  (see f i g .  6)  varied from -0.075 a t  a Mach number 
of 0.6 t o  approximately -0.185 a t  Mach numbers above 1.0 ( f ig .  7), an 
indication of a rearward s h i f t  i n  aerodynamic-center location of approxi- 
mately ll percent of the mean aerodynamic chord. The ef fec ts  of increasing 
the a l t i t ude  on the parameter were small, although the  variation of 

- with Mach number f o r  an a l t i t ude  of 60,000 f e e t  was more i r regular  
~ C L  
than f o r  the lower a l t i tudes .  Although these data indicated that ,  i n  
general, no serious s t a t i c  longitudinal s t a b i l i t y  problem existed f o r  
the airplane i n  the speed and l i f t  range tested, it should be noted tha t  

CONFIDENTIAL 
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the forward s h i f t  i n  aerodynamic-center location which would occur with 
a rapid decrease i n  speed on entering a turn a t  a Mach number of 1.0, 
f o r  example, could aggravate an otherwise mild pitch-up tendency. 

Elevator p i tch  effectiveness.- The elevator pi tch effectiveness 

acm parameter - a t  constant l i f t  coefficient was essent ia l ly  constant f o r  
as 

an elevator-deflection range from 0' t o  -10' and f o r  l i f t  coefficients 

from 0 t o  0.4. The average value of - f o r  t h i s  elevator- def lect ion 
as 

and l i f t -coef f ic ien t  range reached a maximum value of -0.0061 a t  a Mach 
number of 0.9 and then decreased i n  magnitude about 35 percent with an 
increase i n  Mach number t o  1.0 ( f ig ,  7 ) .  

It should be noted that while any parameter herein involving an abso- 
l u t e  value of elevator deflection must be viewed with caution because of 
possible inaccuracies i n  estimating the e f fec ts  of elevator d is tor t ion  due 
t o  aerodynamic load, it i s  f e l t  t ha t  such phenomena a s  the loss  of eleva- 
t o r  effectiveness shown i n  f igure 7 were, because of t h e i r  abruptness and 
magnitude, r e a l  and were not the resu l t  of deflections due t o  load. 

Increasing the l i f t  coefficient above 0.4 a t  Mach numbers from 0.9 
t o  1.0 or increasing elevator deflection above 10' a t  subsonic Mach num- 
bers resulted i n  lower p i tch  effectiveness than tha t  shown i n  f igure 7; 
however, no complete loss  or reversal was indicated anywhere i n  the range 
tes ted  (see f i g .  5 ) .  

T r i m  elevator set t ings.-  Elevator deflections required f o r  trimmed 
l eve l  f l i g h t  a t  several a l t i tudes  f o r  a wing loading of 35.4 lb/sq f t  are  
indicated i n  figure 8, Large increases i n  up elevator, an indication of 
control-position ins tab i l i ty ,  were evident i n  the Mach number range from 
0.925 t o  1.0. The increase i n  control deflection required increased with 
a l t i tude ,  a s  would be expected. The control-position i n s t a b i l i t y  was the 
r e su l t  of a combination of decreased elevator pi tch effectiveness and 
increased out-of - t r i m  pitching moment with the controls undeflected (see 
f i g s .  5 and 7 ) .  

L i f t  Characteristics 

Lift-curve slopes.- The l i f t  curves f o r  the various elevator angles 
a t  constant Mach number were generally l inear  f o r  angles of a t tack up 
t o  12' or 1 6 O  ( f ig .  5 ) .  Gradual decreases i n  l i f t -curve slope occurred 
as  the angle of attack was increased t o  20'. 
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The l i f t -curve slope averaged over the l inea r  portion of the curve 
varied from 0.044 t o  0.052 f o r  the 0' elevator case ( f i g  . 9)  . With 
increases i n  elevator deflection, minor increases i n  average l i f t -curve 
slope were indicated a t  Mach numbers above 0.8 ( f ig  . 5) .  

Effects of trim,- Trimming the  configuration reduced the  untrimmed 
(6  = 0') l i f t -curve slope by 20 t o  30 percent. This substant ial  l o s s  i s  
a r e su l t  of the type of longitudinal control used. I n  order t o  provide 
trim, the elevators, which are  trailing-edge f l aps  comprising 10 percent 
of the t o t a l  wing area, must be deflected t r a i l i n g  edge up, thus decreasing 
the l i f t  a t  a given angle of attack. Since the elevators have a re la -  
t i ve ly  short effect ive t a i l  length and therefore require large areas and 
deflections i n  order t o  produce the  necessary longitudinal balancing 
moments, these losses  i n  l i f t  a re  large.  

Elevator l i f t  effectiveness.- The l i f t  effectiveness of the elevators 
a s  indicated by the r a t e  of change of l i f t  coeff ic ient  with elevator 

deflection a t  constant angle of a t tack  - decreased from 0.020 a t  sub- 
a6 

c r i t i c a l  speeds t o  0.013 a t  Mach numbers above 1.0 ( f ig .  9). These values 
are  applicable t o  and have been averaged over an angle-of-attack range 
from 0' t o  8' f o r  elevator deflections from 0' t o  -lo0. A s  indicated i n  
figure 5, the l i f t  effectiveness decreased only s l igh t ly  a t  higher angles 
of attack; however, it approached zero f o r  elevator deflections above 1 5 O  

a t  Mach numbers above 0.95. 

Drag Characteristics 

Zero-lift  drag.- The abrupt r i s e  in zero- l i f t  drag f o r  the configura- 
t i on  with elevators undeflected began a t  a Mach number of approximately 
0 -91 ( f ig .  10) .  The magnitude of the drag r i s e  was approximately 0.019 
between the Mach numbers of 0.85 and 1.05 and w a s  ra ther  large because 
of the unfavorable ax ia l  d is t r ibut ion  of t o t a l  cross-sectional area of 
the model. A more complete discussion of t h i s  i s  included i n  reference 1. 

Substantial increases i n  zero- l i f t  drag a t  constant Mach number were 
.indicated with increases i n  elevator deflection above -5O (see f i g  . 5).  

Drag due t o  l i f t . -  For the zero-elevator-deflection case, the value 

of drag-due-to-lift fac tor  - averaged over a l i f t -coef f  i c i en t  range 
bcL2' 

from 0 t o  0.3, remained essent ia l ly  constant a t  0.26 over the Mach number 
range tested ( f i g  . 10). The drag-due-to-lif t fac to r  f o r  the  F-102 wing, 
assuming f u l l  leading-edge suction (approximately equal t o  ~/ I -CA f o r  Mach 
numbers below 1. O?) ,  was about 0.145. (see r e f .  1. ) The drag due t o  
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l i f t  f o r  no leading-edge suction 1 dCL) was of the order 

57.3 - a, 
of 0.35. It indicated, therefore, t h a t  only about 45 percent f u l l  leading- 
edge suction was being realized. I n  general, the drag due t o  l i f t  
increased with increasing elevator deflection ( f i g  , 5).  

A comparison of l i f t -drag  polars f o r  the zero-elevator-def lec t ion  
case with those f o r  tr-d conditions ( f ig .  11) indicated the severe 
drag penalty paid f o r  trimming the configuration. The increase i n  drag 
due t o  l i f t  caused by trimming varied from approximately 45 percent a t  a 
Mach number of 0.6 t o  120 percent at a Mach number of 1.1 (f ig .  10 ) .  A s  
has been indicated previously, the  large penalty f o r  trimming was the 
r e su l t  of the wing-trailing-edge-flap type of longitudinal control used. 
The increase i n  trim effec ts  a t  Mach numbers above 0.9 was due t o  the 
increased pitching-moment increment required t o  trim combined with 
decreased control effectiveness. 

Lift-drag ra t ios . -  The maximum l i f t -d rag  r a t ios  f o r  the configura- 
t i o n  with the  elevators undeflected decreased from approximately 10.5 a t  
subcr i t ica l  speeds t o  5.8 a t  Mach numbers above 1.0 ( f i g  . 12) .  The l i f t  
coefficient f o r  maximum l i f t -drag  r a t i o  increased from 0.17 a t  a Mach 
number of 0.6 t o  0.29 a t  Mach numbers above 1.0 ( f ig .  12) .  Trimming the 
configuration reduced the maximum l i f t -drag  r a t i o  by about 2.0 over the 
Mach number range tested and decreased the  l i f t  coefficient f o r  maximum 
l i f t -drag  r a t i o  by approximately 0.05 ( f i g  . 12) .  A s  previously discussed, 
this was due t o  large increases i n  drag due t o  l i f t  f o r  t r im conditions. 

The l i f t -drag  r a t ios  f o r  trimmed l eve l  f l i g h t  a t  various a l t i tudes  
a re  compared with the  maximum possible trimmed l i f t -drag  r a t ios  in f ig -  
ure 13. It i s  of in t e res t  t o  note the increase i n  a l t i t ude  f o r  most 
e f f i c i en t  f l i g h t  with increasing Mach number. It was indicated t h a t  
f l i g h t  a t  maximum trimmed l i f t -d rag  r a t i o  would occur a t  an a l t i t ude  of 
20,000 f e e t  at  a Mach number of 0.6, 40,000 f e e t  a t  Mach numbers from 
0.85 t o  0.95, and 60,000 f e e t  a t  a Mach number of 1.1. The advantages 
of cruising a t  high a l t i t ude  were apparent from these data.  

Contributing drag factors . -  The drag values f o r  trimmed l eve l  f l i g h t  
of the  configuration a t  a l t i t udes  from sea l eve l  t o  60,000 f e e t  have been 
broken down in to  several component par t s  i n  order t o  show t h e i r  re la t ive  
importance f o r  various f l i g h t  conditions ( f ig .  14).  The f i r s t  component, 
skin-fr ic t ion drag, has been taken as  the subsonic drag l eve l  a t  zero 
l i f t .  The minimum wave drag i s  the  difference between the skin-fr ic t ion 
and t o t a l  drag a t  zero l i f t  and i s  the component which depends upon the 
a x i a l  d is t r ibut ion  of cross-sectional area of the model (see r e f .  3 ) .  
The drag-due-to-lift component i s  the difference between the zero- l i f t  
drag and the drag at the l i f t  coefficient required with the elevators 
undeflected. This component i s  a function of wing character is t ics  such 

CONFIDENTIAL 
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as aspect ratio, leading-edge sweep, and leading-edge radius. The last 
component, trim drag, is the additional drag increment caused by trbming 
the configuration from the zero elevator condition. It depends on the 
type of control, magnitude of the out-of-trim pitching moments, and the 
control effectiveness. 

At altitudes of sea level and 20,000 feet, the drag at subcritical 
Mach numbers was mostly skin friction, whereas at transonic speeds the 
wave drag became the most important component. At an altitude of 
40,000 feet, the drag due to lift and trim drag comprised the larger part 
of the total drag at subcritical speeds, the wave drag continuing to be 
the predominant factor at higher Mach numbers. At an altitude of 
60,000 feet, the drag due to lift and trim drag were the largest compo- 
nents through the Mach number range, although the wave drag was still an 
important factor at transonic speeds. It is apparent that in order to 
improve the medium and high-altitude performance of the configuration 
all three of the major drag components - wave drag, drag due to lift, and 
trim drag - should be appreciably reduced. 

CONCLUSIONS 

The following conclusions may be drawn from a wind-tunnel investiga- 
tion of the longitudinal stability and control characteristics of a 
1120-scale model of the Convair F-102 airplane at transonic speeds : 

1. The configuration exhibited static longitudinal stability for all 
conditions tested; however, the possibility of mild pitch-up was indicated 
at Mach numbers from 0.85 to 0.95. 

2. Elevator lift and pitch effectiveness decreased rapidly between 
the Mach numbers of 0.9 and 1.0, but no complete loss or reversal of pitch 
effectiveness was indicated in the range tested. 

3. The trailing-edge-flap type of longitudinal control resulted in 
substantial decreases in lift-curve slope and maximum lift-drag ratio and 
increases in drag due to lift when the configuration was trimmed from the 
zero elevator condition. 
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4. The configuration had high transonic drag at zero lift, high 
drag due to lift with the elevators uideflected, and high drag due to 
trim. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., June 29, 1954. 

Robert S. Osborne 
Aeronautical Research Scientist 

Kr, 65. 

"""a Kenneth E . Tempelmeyer 
Aeronautical Research Scientist 

ene C. Draley 
ale Research Division 
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Angle of attack,a,deg 

Figure 4.- Mass-flow ratios and internal drag coefficients for the model 
with 0' elevator deflection. 
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(b) M = 0.800. 

Figure 5.- Continued. 
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(c) M = 0.850. 

Figure 5.- Continued. 
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Lift coefficient,CL 

(d) M = 0.900. 

Figure 5.- Continued. 
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(e) M = 0.925. 

Figure 5.- Continued. 
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8, deg 
0 0 
0 -  5 

0 
Lift coefficient,C~ 

( f )  M = O , . g 5 0 .  

Figure 5.- Continued. 
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Lift coefficient, CL 

( g )  M=0.975.  

Figure 5.- Continued. 



(h) M = 1.000. 

Figure 5.- Continued. 
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(i) M = 1.025. 

Figure 5.- Continued. 
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8, deg 
0 0 

(j) M = 1.050. 

Figure 5.- Continued. 
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4 -.2 0 .2 .4 .6 .8 1.0 
Lift coefficient,CL 

(k) M = 1.075. 

Figure 5.- Continued. 
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L i f t  coefficient,CL 

Figure 5.- Concluded. 
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Mach number, M 

Mach number, M 

Figure 7.- Variation with Mach number of the trimmed static longitudinal 
stability parameter and the elevator pitch effectiveness parameter. 
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Mach number, M 

Mach number, M 

Figure 9.- Variation with Mach number of the lift-curve slope and the 
elevator lift effectiveness parameter. 
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Mach number, M 

.84 

8=0° 

--- 

Mach number, M 

Figure 10.- Variation with Mach number of the drag coefficient at zero 
lift and the drag-due-to-lift factor. Internal drag removed. 
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Mach numbei, M 

Figure 13.- Variation with Mach number of the maximum trimmed lift-drag 
ratio and of the trimmed lift-drag ratio in level flight at several 
altitudes for a wing loading of 35.4 lb/sq ft. Internal drag removed. 
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Mach number, M Mach number, M 

Figure 14.- Drag-coefficient breakdown for trimmed level flight at several 
altitudes for a wing loading of 35.4 lb/sq ft. Internal drag removed. 
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