
c 

RESEARCH MEMORANDUM 

DYNAMIC LONGITUDINAL STABILITY CHARACTERSSTICS OF A 

SWEP'I"w7NG FIGHTER-TYPE AlRPLAJXE AT,MACH 
I 
I 

I 
1 

- NUMBERS BETWEEN 0.36 AND 1.45 Yx=k 

a' 
4" 

By Chester H, Wolowicz 

High-Speed Flight Station 
I al 

L i  

I 
I 
t 

I 

! 

Edwards, Calif. 

C l  
t 

t 

. .. 
L 2 

t 
I 

r z  

c -  
2, 
m 

FOR AERONAUTICS 
WASHINGTON 

April 1, 1957 



EEACA RM m6K03 

c 

.. 

S W E P T - W I N G  F I m - T Y P E  AESIATKE AT MACE 

Ey Chester E. Wolawfcz 

As par t  of the flight research  program  conducted by the  Natianal 
Advisory  Committee  for  Aeronautics on a swept-wing  fighter-type -lane 
not  equipped  with an automatic  pitch  damper,  pulse mmeuvers were  per- 
formed at  altitudes f r o m  TD,OOO to 40,000 feet over a Mach  nmiber range 
f r o m  0.36 to 1.45 to determine  the longitudinal stability character- 
istics and derivatives for an original-ang and an extended wing-tip 
configuration. 

The longitudinal dynamic behavior of the  airplane during sinniLated 
combat  maneuvers'at altitudes of 30,oOO to 40,000 feet was not considered 
satisfactory, especially at  supersonic speeds, because of insufficient 
pitch aRmping. 

The addition of the  wing-tip extensions caused a slight favorable 
shift in the  aerodynamic center of the airplane. The static =gin of 
the extended wing-tip  configuration is of the order of l2-percent mean 
aerodynamic  chord  in  the  subsonic  region  aad  29-percent mean aer0aynarmtc 
chord  at  Mach  numbers  above 1.2. 

Wind-tunnel data for  the two wing configurations  investigated showed 
good agreement with transonic flight results  for the Lift-curve  slope 
and the static stabilfty  derlvative %; poor aweement was evident in 

the supersonic  region. 
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INTRODUCTIOW 

- 
The s t a t i c  and dynamic longitudinal stabil i ty  characterist ics ELnd 

derivatives, as determined fram flight pulse  data, for two wing con- 
figurations of a 450 swept-wing fighter-type  airplane capable of rright 
w e l l  into  the superscnic region axe presented i n  t h i s  paper. Stabilizer 
pulse  data employed were obtained Par an original-wing  configuration and 
also for a configuration with a 1-foot extermion of the wing t i p .  A l l  
data were obtained within t h e  10,000- and 40,000-foot levels over the 
Mach  nrmiber ramge f'rom 0.36 t o  1.45 at the NACA High-Speed Flfght Station 
a t  Edwards, C a l i f .  

The results of the flight data analysis are compared with available 
wind-tunnel data which have been corrected f o r  the momentum effects of 
the intake air of the jet engine. 

This paper constitutes one part  of a general flight investigation 
of the stability, performance, and aerdymmic load characteristics of 
the dr-plane.  Results of 60me other  investigations have been reported 
in  references 1 t o  4. 
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SYMBOLS AND C O E F F I C r n S  

normal acceleration, g units 

w i n g  chord, f ' t  

mean aerodynamic chord, Ft 

lift coefficlent, L i f t  
1/2pv2s 

lift-curve  slope -, 8% per radian i n  equations,  per deg a, 
i n  figures 

." . 

" 
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pitching-moment coefficient, PitchLng m n t  

- - -  - 1/2pV2SE 

s t a t i c  margin, meaa chord  units 

longituainal stabi l i ty  derivative -, per radian in acm 
acL 

equatiom, per deg in figures 

acceleration of gravity,  ft/sec2 

pressure altitude, ft 

moment of inertia of airplane  relative to pitch axis, slug-@ 

horizontal stabilizer deflection,  posftive  direction when 
nose of stabilizer is up, deg 

period of damped natural frequency  of airplane, sec 

pitch rate of airplane,  raaians/sec 

pitch  acceleration of airplane,  rsdians/sec2 

wing mea, sq ft 

tire, sec - 
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dc 
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airspeed, Ft;/sec 

w e i g h t  of airplane, Ib 

angle of attack of airplane,  angle between reference body 
a x i s  and the  relative wind, per radian Fn equations,  per 
deg in  f igures 

rate of change of angle of attack  with time, radians/sec 

inboard slat position,  percent of fully open position 

outboard slat position,  percent of"-filly open position 

ratio of actual damping to critical damping 

mass density of air, sluga/cu 

A- 

ft 

The t e s t   a i rp l ane   i s  a fighter-type with a 45O swept  wing and a l o w  
horizontal   ta i l .  It is powered by a single turbojet,  engine equipped 
with an afterburner. A three-view drawhg of the  airplane wlth the orig- 
inal v e r t i c a l   t a i l   i s  shown in   f igure 1. Figure 1 also shows a dotted 
outline of the wing employed in the  exbended-wing configuration. A photo- 
graph of the airplane is sham i n  figure 2. The wing-tip  extensions 
were added t o  increase  the  static margin and improve the  s tabi l i ty  for 
the external wing-mounted fuel-tank  configuration. The airplane was not 
equipped wlth an automatic  pitch damper. 

The data for the original-wing and extended wing-tip  configuretiom 
were obtained with several   different  vertical  tails mounted on the air- 
p-e a t  vasioue ti~nes during the tests (ref. 4 ) .  The effects of the 
changes in the  vertical tails on the lon@;itudinal stability  character- 
i s t ics  are considered negligible. 

The airplane i s  equipped wlth automatic  leading-edge slats instal led 
as five  interconnected segments. At 40,000 feet,  the slats were  open a t  
bhch  numbers below 0.84 f o r  steady flight; the slats started t o  apen €n 
response t o  air loads a t  angles of attack of bo, 5O, 7O, and 8O, a t  Mach 
numbers of 0.84, 0.9, 1.03, and 1.08, respectively. A t  20,000 feet ,  the 
slats were open at Mach  numbers below 0.72 for steady fUght;  the slats 
started t o  open at  angles of attack of 4' and 6' a t  Mach numbers of 0.72 
and 0.86, respectively. 



The physical  characteristics of the two configurations we presented 
i n  table I. The estimated m a t i o n  with  airplane weight of the moment 
of Inertia relat ive t o  the  pitch a x i s  (fig.  3) i s  based on the  manufac- 
turer's estimate for design  weight and empty w e i g h t  conditions  (ref. 5 )  . 

Standard NACA instruments were used. t o  record  airspeed,  altitude, 
pitching  velocity and acceleration, normal acceleration,  angle of attack, 
control-surface  poeitions, and leadling-edge slat positions. The angle 
of attack,  airspeed, and al t i tude were sensed on the nose boom. All 
records were synchronized st 0.1-second intervals by a common timing 
circui t .  

The pitch turnmeter used t o  measure the pitching  velocity and 
acceleration is cansidered  accurate t o  within M.5 percent of range. 
The turnmeter mounting direction error is 0.50 or less. 

The indicated normal acceleraneter readLngs were corrected t o  the 
center of gravlty. The accelerometer i s  considered  accurate to within 
m.5 percent of range. 

The vane-type  pickup for measurSng the angle of attack was EBBS 

balanced and had dynamically flat  response  characteristics over the 
frequency rmge of the airplane. Although the pfckup is  s ta t ica l ly  
accurate t o  fO.lo, the indicated  angle of attack has been corrected 
only for  pitching  velocity  to the center of gravi.ty of the airplane. 

The ranges, aynamic chaxacteristics, and scales of recorded data 
f o r  the  angle-of-attack,  velocity, and acceleration  instruments are: 

Scale of I Undaurped I 
recorded data natural 

(per in. I frequencies, 1   am ping r a t i o  
deflection) [ cps I 

10.0 t o  10.55 o .70 8 
o.gg to 1.075 

0.65 14 1.38 to 2.16 
0.65 7 to 8 

4.48 t o  5.93 

0.38 at  40,000 ft 
0.43 at  30,OOO f't 
0.48 a t  20,000 f't 
0.3 at  10,OOO ft 19 

0.33 at p , o O O  ft 
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Control-surface  and  leading-edge  slat  positions  were measured by 
standard control-position  transmLtters.  The  control-surface  position 
transmitters  were  linked  directly  to  the  control  surfaces  and  are  con- 
sidered  accurate  to within M .lo. 

The nose-boom  installation for  measur-  the  airspeed was calibrated 
by NACA radar phototheodolite  method.  The  Mach  nunibers  presented are 
considered  accurate  to a.02. 

The  test  procedure f o r  this investigation  consisted of recording 
the  airplane  response to a b w t  stabilizer  pulees  performed Hith the 
other  controls  fixed. In all  instances  the  pilot attempted to maintain ' 

constant hch number and altitude and to  prevent  movement of the  control 
surfaces  during  the  transient  portion of the maneuver. Figures  4(a) and 
4(b) present  typical  time  histories. 

L 

The  stabilizer pulse maneuvers  were  generally  performed  at lg f 0.lg % 

condi-t;ions; however,  for the original wing configuratioa  at  Mach  numbers 
above M EZ 1.05 the  maneuvers  were  performed  at  various load factors 
and altitudes from 40,000 to 35,OOO feet.  Pulse weuvers at Mach num- v 

bers grea te r  .t;han 1.35 were  performed following a pull-out *om a dive. 
The following table  lists  the  altitudes  and  carresponding Mach number 
ranges for which  data  were  obtained  for  each  conff@ration: 

Configuration Mach  number  range Altitude,  ft 

original wing 

0.36 to 0.93 10,000 

0.77 to 1.49 40,000 
40,000 

0.53 to 1.03 Extended wing 
0.79 to 1.26 

- 

ANALYSIS 

A preliminary  study of the data showed no aigniflcmt  nonlinear 
influences,  hence  linearized, emall disturbance,  short-period forms of 
the  longitudiqal  equations of motion of the  airplane  constituted  the 
basis of the  analysis. 

The  time-vector method of  analysis  (refs. 4, 6,  7, and 8) was employed 
t o  determine  the  derivatives.  Because of the lack of reliability of the  
determined  values of ( % + k), this  quantity is not  presenteu. - 
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The magnitudes of C and (cm, + C%), as determined by the  time- 
% 

vector  method of analysis,  were  spot-checked by using the following equa- 
tions and were found to  be in agreement. 

The  original-wing area was employed in analyzing all flight data. 
To convert  the  derivatives of the  extended-wing  configmatian  to the 
actual wlng mea and wing-chord basis, the Cr, derivative should be 

d t i p U e d  by 0.98, C., by 0.9, and (% 4- qy) by 1.01. 
In faFring the t e s t  points to obtain a constant  altitude, l g  curve, 

consideration was given to the influence of altitude and load factor on 
the  test points when the test  points  were  obtained from maneuvers at 
other  than the  desired  altitude and load factor conditions. 

A summary of the figurea presenting  the results of this investi- 
gation  is: 

. " . - 1 
Configuration 

lkfluence of wing- 
tip extensions 

5 

5 

- 
- 

Figures 

l0ngituW 
derivatives 

Comparison 
with rating 
criteria 

9 
I 



The variation of t r f m  a w i t h  Mach number sham in figure 5 fo r  
three d is t inc t  altitudes has been  included  not only t o  show trim a but 
a l s o   t o  aid in estimating  the  probability, dur ing  the  pulse maneuvers, 
of the automatic opening of the slats when use is made of the  information 
previously  presented i n  the section  describing the  airplane. 

Original W i n g ,  

On the  basis of available data the period  curve  (fig. 6) shows a 
smooth and normal large  decrease in the Mach number reglon between 0.85 
and 0.95, followed by a more gradual decrease t o  the highest Mach  num- 
ber. The damp- r&io ( (fig. 6 )  shows an appreciable  decrease i n  
the Mach number region between 0.85 and 0.9. In  general, ( i s  pr i -  
marily a flrnction of the air density p and the aerodynamic derivatives (Cm, + CX), C%, and as shown by the following . -  approximate 

expression  based on approximations of equatioh.6 (I) and (2) : 

Thus, the prbmry causes of the large decrease in the  damping r a t i o  Ln 
the  bhch number region between 0.85 a n d ' O . 9  =.e the large increase in 
C in the transit ional Mach  nuniber region and the  decrease i n  

(Gq + %), which are sham i n  figure 7. In  the  subsonic  region, there 

is some uncertainty in the value of the damping; therefore,  fairing  the 
T1/2 points has not been attewted.  Insufficient e t a  in t h i s  region 
precluded the  possibi l i ty  of defining a rel iable  curve. 

. . .  

ma, 

The magnitudes of and C and the variation of these  deriv- ma 
at ives  with Mach  nurriber (fig. 7 )  show generally good agreement with wind- 
tunnel datal (ref. 9 )  'which were corrected Tor the momentum effects  of  
the intake sir of the Jet  engine. It should be pointed out that i n  the 
Mach number region between 0.6 and 0 . g  there i s  appreciable-scatter 
of C h  points, considerably above the experimental. scatter,  which may 
be i n  accordance with the  rapid  variations w i t h  Mach number shown i n  
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references 10 and U. It was not possible t o  verif’y the presence of the 
rapid  variations  in % from a study of available  Kind-tunnel d a t a  

because of the lack of wind-tunnel test points w f t h i n  this region. 

Extended w i n g  
The resul ts  of the analysis of the data for the eXtenaea-wing air- 

plane ( f igs .  8 and Lo) show the same generel  behavior of the individual 
quantities  plotted as functions of Mach nmiber as was discussed  for the 
original-wing  configuration;  consequently, detailed consideration of the 
variation of the quantities with Mach nuniber fs omitted. 

The decrease i n  period wbich occurred w f t h  decrease in altitude 
(fig.  8) is primarFly due to the corresportding increase i n  dynamic pres- 
sure, overshadowing the effect  of decreasing %, which would tend to 
increase the period. 

If the aerodynamic derivatives of equatfon 3 were invariant w i t h  
a l t i tude,  the damping r a t i o  5 could  be  expected t o  increase as the 
alt i tude i s  decreased. The increase Fn f with decrease i n  a l t i t u d e   a t  
subsonic speeds, as shown in figure 8, fs considerably less thsn would 
be obtained by a i n  a.ir density alone. This condition is attrib- 
utable  to the decrease Fn the e t u d e  of the w i n g  derivative (““p + k) wLth decreasing altitude. 

P i lo t  opinion indicated that the airplane, which did  not have a 
p i t i t  wer, was unsatisfactory  insofar as the longitudinal m c  
behavior was concerned during simulated carbat at  altitudes  varying from 
40,000 to 30,000 feet. A t  supersonic Mach nmibers, the atrplane had 
in i t i a l   r ap id  and abrlxpt response to control  input  follawed by  prolonged, 
rapid  short-period  oscillations. At low subsonic Mach numbers, the air- 
plane had a slow initial response fol lared by prolonged slow oscillatione 
which required concentration to eliminate. The most acceptable,  but 
s t i l l  unsatisfactory,  characteristica were noticed in the vicinity of 
M = 0.8. m e  results of the analysis have been plotted on a qualitative 
rating chart (f ig .  9 )  obtained f rom reference 12; pilot‘s  opinion showed 
good qualitative agreement w i t h  the criteria of figure 9. Caution  should 
be ased in &fA%%ipti.ng t o  evaluate the handling quali t ies of the. aiqlane 
with any simplified cr i ter ia ,  inasmuch as other  factors  such as control 
system characteristics can have an important bearing on the overall air- 
p m  response characteristics. Insofar & the Military  Specification 
(ref. 13) for damping clmzacteristics is  concerned, the airplane dld  not 
meet the specification that a combat afrplane damp t o  one-tenth amplitude 
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i n  one cycle (c = 0.343). If the  airplane is considered t o  be f lying 
under emergency conditions, as the result of havlng ap inoperative  pitch' 
damper, the data of figure 9 imply the  airplane would not meet the mini- 
m specification that the airplane damp t o  one-half emplitude i n  one 
cyck  (( = 0 .U) during emergency (damper-inoperative ) conditions at 
combat ceiling, which i n  this instance is above 50,000 fee t .  However 
it was found that the amlane was quite  controllable even though not 
satisfactory a8 a gun platform. 

. 

A comparison of the variation with Mach  number of the flight- 
determined  values of CL, and Cm, f o r  an a l t i tude  of 40,000 f ee t  with 

those determined from unpublished  Langley  8-foot  high-speed tunnel data 
(fig.  10) indicates good agreement in  the transonic  region and poor 
agreement i n  the supersonic region. 

The decreased. magnitude of % with decreased a l t i tude   ( f ig .  10) 

i s  possibly due, t o  some extent, to   aeroelast ic   effects .  Although wind- 
tunnel data do show that the slats cause a small change in the angle of 
zero Urt, the data do not  indicate any nonlinearit ies  in the plots of 
C!L against (r within the angle-of-attack range of the fl ight dab; nor . 
do wlnd-tunnel data and incomplete flight data indicate any significant 
influence of slats on CL,. - 

The c.0, curves (fig. LO) shbw distinct  al t i tude  effects  prfmarlly 

in the region of the transonic  aerodpmnic-center shirt. A study of the 
unpubUshed Langley &foot high-speed tunnel data i n  the region of the 
transonfc  aeradynamic-center shift fo r  these same altitudes  suggests that 
possibfy these are angle-of-attack  effects. 

The damping dejr'ivative (% + C%) shows dependency on a l t i tude  at 

my one Mach number for i ts  magnitude i n  the subsonic  region. This 
influence of a l t i tude  i s  possibly due to   aeroelast ic  deformation of the 
stabilizer,  fuselage, and ning. 

Influence of Wing-Tip Meas ions  

A summary of the  resul ts  of the analysis for  the two wing conf'ig- 
urat ions  a t  an a l t i tude  of 40,000 feet is presented in figures 11 and 12 
t o  show the  influence of the addition of wing-tip  extensians t o  the 

t he  damping r a t i o  5 ,  and the derivatives 
original wing. Influences are evfdent 
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The decrease i n  5 resulting from the addition of the wing-tip 
extensions  (fig. U) is attributable p r b a r i l y  t o  the corresponding 
negative increase in C& and the negative decrease i n  pmq + Cw); 
the  increase in tends t o  increase  the damping ratio. The reason 

fo r  the  apparent  negative  decrease i n  (% + c&) is  not Clem,  based 
on available data. 

The influence of --tip extensions on t he   s t a t i c  margin i s  s h m  
i n  figure 12. The st+tic margin of the original-wing  configuration 
appeazs t o  be of the order of0 .lo8 a t  a Mach number of 0 .e and Increases. 
t o  about 0 . S E  at a MBch n d e r . o f  1.03. The measured aifferences i n  
the s t a t i c  =gin resulting from the addition of wing-tip extensions 
w e r e  small and probably uithin the accuracy of the data. A rough cal- 
culation based on simple geometric  concepts indicated a 0.03E increase 
i n   s t a t i c  margin due t o  wing-tip extensions might be expected. 

&om the analysis of flight pulse data obtained f o r  ea original- 
vtng and an extended w i n g - t i p  configuration of a swept-wlng fighter-.type 
airplane,  not equipped with a pitch mer, over the Mach nmiber range 
of 0.36 t o  1.46, .the foUow3ng conclusions have been  reached: 

1. Thrt longitudinal dynamic behavior of the airplane during simu- 
lated combat maneuvers at altitudes of 30,oOO t o  40,OOO f ee t  was not 
considered  satisfactory,  especially at  supersonic speeds, because of 
insufficient  pitch clanping. 

2. The addition of wing-tip  extensions  resulted i n  a slight favor- 
able sh f f t   i n   t he  aerodynamic center of the airplsne. The s t a t i c  margin 
of the wing with t i p  extensions is  of the order of 12-percent mean aero- 
dynamic chord in the subsonic region and 29-percent man aeroaynamic 
chord at MEbch nmibers above 1.2. 

3 .  Wind-tunnel data f o r  the two wing configurations  investigated 
showed good agreement with transonic fUght resul ts   for  the lift-curve 
slope and the s t a t i c  stability derivative cm4,; poor agreement was 
evLdent in the supersonic re#on. 

High-Speed Plight  Station, 
NationaX.-Advisory Cornini t tee  fo r  Aeronautics, 

=wards,  Calif., ~ ~ l y  23, 1956. 
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P E Y s I c . & C x k R A ~ a F ~  

Original Extendpd 
Kins VLng 

Airfoil sac t i on  . . . . . . . . . . . . . . . . . . . . . . . . . . .  NllcA 64Ao0.7 HACA ~007 
~d em- (including wan ard 83.84 a q  ft covered . . . .  

by .e), eq ft . . . . . . . . . . . . . . . . . . . . . . . . . .  376.02 3&3 . 21. 
~paa, ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36.9 38.58 
ban sercdyrmic chord. ft . . . . . . . . . . . . . . . . . . . . . . .  ll.33 u.16 
Root chord. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  U.86 m.86 
T i p c h m d . f t  . . . . . . .  ........................ 4.76 4.15 
Taper ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.30 0.262 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.56 3.86 
Ehrsep st 0.a cbru upa. deg . . . . . . . . . . . . . . . . . . . . . .  
Incidence. Ceg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4zl 2 
DLhedral.deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 0 
oecrmetric M a t .  iLsg . . . . . . . . . . . . . . . . . . . . . . . . . .  0 0 

Area reQNazd of hings llne ( e a c h ) .  aq ft . . . . . . . . . . . . . . .  19.32 
hine~ ~lne (-1. rt 7 .m 

ChordreanrardofhingeLine. perce~tvingahd . . . . . . . . . . .  515 25 
7.a  

. . ......................... havel (each). deg ug *15 

@an. eqldvalent. rt . . . . . . . . . . . . . . . . . . . . . . . . .  12." m.-p - 
&@=uta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
spamrise hcaticm . inhard en& . wcent ving a c a s f r n  . . . . . . . . .  24.6 

5 
23-3 

5 

Ratio of sht  chord to wtng chord (per- to 
Bpamriee lacatia. .&- -4 peroent ving awiapan 9.1 es .2 

~otatiop. m=imm, aep 15 

wing:  

Ail-: 
19-32 . . . . . . . . . . . . . . . . . . . . .  

"edge slat: 

. . . . . . . .  
fuselage refarcme line). percut . . . . . . . . . . . . . . . . . . .  M X I  . . . . . . . . . . . . . . . . . . . . . . . .  1-5 

Nrioil aacttm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  W 6 m 3 . 5  
T o t s l  mea (incluclirig 31.69 eg it covered by 
fuselage). ag ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98.86 

Mtanaarodynamicchord. ft 5.83 
B W .  ft 18.e R0otchm-U. fi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 . a  
!Pip chaod. it . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.46 
! r E p e r n m O  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.w 
b g a c t  ratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.54 
~ V e e p E t O . 2 5 c h o r b l i s b .  dep.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 
Mbd.mL.de.6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
".l=Uingedesl4. dsg 

0 

Travel . leading &e dorm. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 
5 

Length (dterburraer nozzle cloaed). ft . . . . . . . . . . . . . . . . . . . . . . . . .  h 5 . a  

Maximum thovsr~. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.37 

R.nanaee rcrtio (&terburner ncreele -Sa) ....................... 7.85 

. . .  -- 
Horizontsl tail: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Fuselage: m&himVlcLth.rt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 . g  - areadeqtotaz). a q  ft . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  230.92 

epMa b?.ake: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - defladion. dog Ehmfaca -. B q f i  14.a 

powerBlant : 
Turibojet en&m . . . . . . . . . . . . . . . . . . .  h a  Pratt & Uhitpey Jx-pf vith afterburner 

Military. lb  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9. 220 
Thnmt  (guarantae B e n  level). .4xdnmm. Lb . . . . . . . . . . . . . . . . . . . . . .  15. ooo Iiamd. lh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8. OQO 

kaic withcut fuel. oil. =tar. pflot) . . . . . . . . . . . . . . . . . . . . . . . . .  19.- 
mlaae Height. Ill: 

T o t a l  [full Arel. dl. va-. pi lof )  . . . . . . . . . . . . . . . . . . . . . . . . . .  24. 800 

c-mter-d-gp.avlty locatlcm. . p e i - e  e& 51 
Totaz.ueight . gear dovn" . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  29.5 . aear U,P . . . .  : . . . . . . . .  ' .................... 29.5 

. .  
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Figure 1. - Three-view drawing of airplane with original vertical  t a i l  
and the extended as well as the original wing. A l l  dimensions in 
inches. 
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Figure 2. - Photoaraph of the airplane. 
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Mgure 3. - Approximated variation of Iy with welglrt. Clean 
C O n f i g u r a t I O Q ,  
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(,a) M =I 0.62; hp = 10,400 feet; extended-wing configuration. 

Figure 4.- .Time histories of longitudinal oscillations induced by a 
stabilizer pulse. 
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(b) M = 1.32; hp = 35,700 feet; original-wing configuration. 

Figure 4.- Concluded. 
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Figure 5.- Variation o f  trim angles of attack with Mwh numhr, 

c 



NACA RM E56HO3 

P 

? 

Figure 6 .  - Period and 
of %ch number' 

M - 
damp- characteristics of the airplane  a6 functions 
at 40,000 feet. Orfginal-wtng configuration. 
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Figure 7.-  Variation QT static and dynamic longitudinal s t a b i l i t y  derin- 
tives with Mach number at 40,000 feet. Original-kng configuration. 
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Figure 8.- Period anLdamping chazacteristics of the airpLane st different  

a l t i tudes 88 functions of Mach nmber. Extended-wing configuration. 
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MACA RM H56EO3 

Damping ratio, f 

Figure 9.- Relation of flight-test results t o  qmlitative rating criteria 
of refmence 12. 
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Figwe 10.- Variation of s t a t i c  and dynamic longitudinal  stabil i ty  deriva- 
tives with Mach number-at different   a l t i tudes.  Extended wing-tip 
configuration .. 
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Figure 1l.- Summsry of the variation of period and damping chmacterist ics 
of the two wing configurations with Wch number as determined frm 
f1-t a t  40,000 feet .  
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Figure 12. - S w  of the variation of the longitudinal 
tives of' the two w-ing configurations wlth Mach number 
from f U g h t  at 40,000 feet .  

stability deriva- 
as determined 
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