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SUMMARY 

A law-speed investigation was made i n  the Langley stability tunnel 
in order t o  determine the l a t e ra l   s t a t i c  and rotary derivatives of a 
l/U-scale model of a high-speed fighter airplane. The experimental 
results obtained through the complete angle-of-attack range are  pre- 
sented primarily f o r  reference purposes. However, a detailed compari- 
son a t  three  angles of attack of the   l a te ra l   s ta t ic  and rotary deriva- 
t ives estimated by currently  available methods with  the  experbnental 
l a t e ra l   s t a t i c  and rotary derivatives is made. In general,  the 
vertical-tail  contributions t o  the  static and rotary derivatives  could 
be estimated with a good degree of accuracy. The estimated wing- 
fuselage-combination  derivatives, however,  were not i n  good agreement 
w i t h  the measured vdues. The lack of better agreement of the e s t i -  
mated  and  measured derivatives of the wing-fuselage  combination may be 
caused by the interference of the thick wing roots at the wing-fuselage 
juncture whlch could not be accounted f o r  by the methods employed and 
the  inabili ty t o  calculate  readily  the  fuselage-alone  contribution to 
certain of the  stability  derivatives. 

Several methods are available f o r  estimating stability  derivatives 
of airplanes ( for  example, see ref. I); however, these methods do not 
account  well for the effect  of unusual airplane geometry on the  sta- 
b i l i t y  derivatives. This deficiency  often results i n  a poor predic- 
t ion of the dynamic stabil i ty  characterist ics of the airplane. A 
similax situation appears t o  exist f o r  the  high-speed  fighter  air- 
plane employed i n  this investigation  since  the damping of the  la teral  



oscillation of this airplane could not be calculated i n  one investiga- 
t ion with the accuracy desired by using  estimated stability  derivatives 
(ref.  2) although better agreement was obtained i n  another investigation 
(ref. 3 ) .  

The purpose of the present  investigation, which was made i n  the 
Langley s tab i l i ty  tunnel, was t o  obtain  the low-speed la te ra l   s ta t ic  
and rotary stability  derivatives of a  1/12-scale model of a high-speed 
fighter  airplane with unswept w i n g s  and t a  compare the experimental 
stability  derivatives with the  derivatives  estimated by current methods 
for  the wing-fuselage  canbination, the  vertical- and horizontal-tail 
combination, and the complete model. In addition,  since  a  large dif- 
ference  existed between the  s ta t ic  lateral stability  derivatives  pre- 
sented  herein and the unpublished derivatives  obtained i n  previous 
tests of a sting-supported model, a few tes t s  were made t o  determine 
the  effects on the  static  lateral   stabil i ty  derivatives of a fuselage 
modification sFmilar t o  that necessitated  for sting-mounting. This 
modification  consisted of an increase in  the  cross-sectional s e a  Of 
the  rear  portion of the  flrselage under the  vertical   tai l .  

SYMBOLS AND com1cIENTs 

The data presented  herein  are i n  the form of standard NACA coeffi- 
cients of  forces and moments which are referred  to  the  stabil i ty system 
of axes (fig.  1) w i t h  the 
the wing mean aerodynamic 
directions of the  forces, 
i n  figure 1. The  symbols 

origin at the projection of the 0.23 point  of 
chord on the  plane of symmetry. The positive 
moments, and &ngular displacements are shown 
and coefficients  are  defined  as  follows: 

b span, f t  

C wing chord, parallel  t o  plane of symnnetry, f t  

c‘ mean aerodynamic chord, 2 LbI2 c2dy, f t  
S 

Y spanwise distance measured from and perpendfcular t o  
plane of symmetry, f t  

P rolling ang~larr velocity,  radians/sec 

r yawing angular velocity,  ra&ans/sec 

g dynamic pressure, $$, lb/sq f t  



S area, sq ft 

v free-stream  velocity,  ft/sec 

a angle of attack of fuselage  reference  line  (parallel 
t o  wing l ine o), deg 

angle of sidesUp, deg 

angle of yaw, deg 

mass density of a i r ,  slugs/cu f t  

Hft, l b  

&43, Ib 
lateral   force,  Ib 

pitching moment, f t- lb 

yawing mment, f t- lb 

roll ing moment,  f t - lb  

lift coefficient, ~ / q %  

CD drag coefficient, D/q+ 

CY l a t e r d - f  orce coef f fcient, Y/q% 

Gm pitching-mment coefficient, M / q Y w  

Y 

M 

N 

L' 

CL 
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Subscripts : 

H horizontal tail 

v vertical tail 

Model components : 

VR vertical  and horizontal tails 

m wing, fuselage, and vertical and horizontal tails 
(ccanplete model) 

. 



APPARATUS, MODEL, AND TESTS 
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 he t e s t s  of the  present  investigation were made in   the  6-foot- 
diameter r o l l a - f l m   t e s t  section  (ref. 4) and the 6- by &foot curved- 
flaw test   section  (ref.  5 )  of the Langley s tabi l i ty   tunnel   in  which 
rol l ing o r  yawing flight is simulated by rolling or  c u r e  the air- 
stream  about  a  stationary model. 

The model w a s  mounted on a rigid  single-strut support a t  the pro- 
jection of the 0.23 point of the mean aerodynamic chord of the wing on 
the plane of symmetry.  he l /E-scde   f igh ter  m o d e l  used in 
the present tes ts  was constructed of laminated mahogany with aluminum 
inserts d o n g  the  t ra i l ing edge of the wing. The model w a s  designed t o  
permit tes t s  of the wing-fuselage  cortibkation alone or with vertical  
and horizontal tails. There was no air flaw through  the simulated jet 
ducts in   the  wing roots,  A sketch of the  canqlete model i s  presented 
i n  f igme 2 and photographs of the model are  presented  as figure 3. A 
l ist  of pertinent geometric characteristics is even   i n   t ab l e  I. 

The forces and moments  were measured by means of a six-ccmponent- 
balance system  through an angle-of-attack rage of about -ko to 20°. 
The t e s t  conditiona  are  summized in  the following table: 

Test number  nuniber 2v 2v 
Reynolds Mach rb & B Y  del3 - 

Stat ic  
longitudinal 0 0.73 X 106 0.17 - - 

Stat ic  - l a t e ra l  
6 y  t4, t2, 0 - - 17 73 

0 

R o l l i n g  -73 -17 - 0 t .0172 
f .0342 
2.0520 

0 

- , 0761 
- .lo02 

57 -13 Yawing  0 - - 0359 

- The wing-fuselage c d i n a t i o n  and the complete model were tested 
f o r  each of the  conditions l i s t ed  i n  the preceding table.  Tests were 
also made a t  a = Oo and #! = k 5 O  and Oo wtth the wing-fuselage - - 
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combination and ccanplete model with the  rear  portion of the Fuselage 
under the  vertical tail modified (fig. 4) t o  simulate  the  st--smorted 
model employed , i n  previoue tes t s  of this model. 

CORRECTIONS 

Approximate jet-boundary corrections as determined by the methods 
of reference 6 were applied t o  the  angles of attack and drag coeffi- 
cients.  Horizontal-tail-on  pitching moments were corrected  for  the 
effects of J e t  boundary by the methods of reference 7. However, the 
data have not been corrected f o r  blockage effects which  were considered 
negligible. 

The lateral-force  coefficients have been corrected f o r  the buoyancy 
effect  due t o  the  static-pressure  gradient  across  the curved-flaw t e s t  
section  (ref. 5 ) ,  but  the data have not been corrected f o r  support-strut 
tares which, with the  exception of the  drsg  tare,  are  believed to be 
small. The absolute  values of the drag coefficients  therefore should 
not be representative of the  free-air values. 

RESUETS AND DISCUSSION 

Presentation of Data 

The figures  in which the data obtained from wind-tunnel t e s t s  made 
t o  determine the low-speed la te ra l   s ta t ic  and rotary  derivatives of a 

are summarized in the following table : 
.1/12-scale model of a high-speed fighter airplane with unswept wings 

Data Figure 

f&, CL, and CD plotted  wainat a .  . . . . . . . . . . . . . . . . . .  5 
Cyp, Cne , and C l  plotted  against OL . . . . . . . . . . . . . . . .  6 
Cyp, Cnp, and C z  plotted against a . . . . . . . . . . . . . . . .  7 
Cy,, Cnr, and Czr plotted  against OL . . . . . . . . . . . . . . . .  8 

P 
P 

TIE exper-ntuy determined derivatives for the   l /U-scde  fighter 
airplane model through the complete angle-of-attack  range are  presented 
primarily for reference purposes; however, R detailed comparison a t  three 
angles of attack of the lateral s t a t i c  and rotary  derivatives  eathated 
by currently  available  mthods with the   experhentd  la teral   s ta t ic  and 
rotary  derivatives is  presented in figure 9. 

. 
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Effect  of  Fuselage  Modification on Static  Lateral  Derfvatives 

A comparison  of the static  lateral  stability  derivatives.  obtained 
in the  present  Investigation  (fig. 6 )  with  some  unpublished  results 
obtained  at a Mach number  of 0.4 indicates  larger  differences  than  would 
be  expected  to  be  caused  by  Mach rider effects alone. The model 
employed Fn the  tests  at a Mach  number of 0.4 was sting  supported  with 
the  sting  enter-  the  rear  portion of the  fuselage. This axrangement 
necessitated a revision to the  fuselage  aftersection  because of the 
fuselage  shape  (see  fig. 2). In order to determine  the  inportance of 
this  modification on the  static  lateral  characteristics,  the  fuselage 
of the mdel used in the  stability-tunnel  investigation w a s  modified 
(see  fig. 4) to s l m ~ l a t e  this  sting-swported  model.  he derivatives 
resat-  from  tests of this arrangement  are  presented in figure 6. 
The  values  of  the  modified-fuselage  derivatives  are in good  agreement 
with  the  unpublished  derivatives  obtained  at a Mach  number  of 0.4. The 
fuselage  modification  produced a large  increase in and c 
(see  fig. 6 ) .  These  changes  are  believed to result fromthe increase 
in end-plate  effect  and  the  induced  sidewash  of  the  fuselage on the 
vertical  tail as the  fuselage  size under the  tail  is  increased.  The 
use of values of Cy from  the  sting-supported-model  tests in esti- 

mating c would  give  erroneous  results, of course. 

cypv nPV 

BV 

nrv 

It appears,  therefore,  that in testing  models similar to the model 
of the  present  investigation an effort should be  made  to  -1nimlze  fuse- 
lage  modifications. If the  effect  of  fuselage  modLfication on the  test 
results  cannot  be  evaluated  by  experimental  or  theoretical  methods,  then 
it may be  necessazy  to  mount the model on whg-tip st ings  which would 
require, of course, the determfnation of tares. 

Estimation  of  Derivatives  and Caqarison With  Experiment 

Wing-fuselage  contribution.-  The  procedure  employed  for  estimating 
the  --fuselage  combination  derivatives  except as noted for  Cnr 
and C w a s  to estimate the wing and fuselage  derivatives  separately 

and to add them  algebraically. The derivatives of the  basic  wing  plan 
form and  fuselage  were  obtained from the  following  sources: 

"p 
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i- 
Derivative " Reference 

8 

9 

10 

II 

12 

13 

 he l i f t  and drag data of the wing-fuselage combination (fig. 5 )  
were used w i t h  the methods of references 8 and 10 to e s t a t e  Cnr 
and Cnp and no addi t ional  increments were added for  the  fuselage  since 
it is  indirectly accounted for  in this manner. The effect of wing dihe- 
dral on Cyp was determined from reference 14 and on C2 and C 2, 

from references 15'and 16, respectively. The effect of wing position on 
the sideslip  derivatives was determined from reference 17 assuming a 
low-wing position. The mutual-interference  effects of the wing-fuselage 
combination have not been accounted for  in these  calcula6ions  since all 
the  currently  available  interference  data have been determfned for sfmple 
bodies of revolution only  (refs. U, 12, and 18). There was no a i r  flow 
through the wing ducts. It is believed that f o r  this case the flaw 
through the  ducts has no appreciable effect  on the  stability  derivatives. 

P 

In general  the  esthated derivatives of the wing-fuselage  combination 
are only in fair agreement with the measured derivatives  (see fig.  9 )  . 
It appears that this lack of better agreement could be caused by a large 
interference  effect of the thick wing roots a t  the wing-fuselage juncture 
which cannot be accounted for by the  currently  available methods,  and the 
inabili ty t o  calculate  readily 821 accurate  fuselage-alone  contribution t o  
some of the  stability  derivatives. Evfdently, more information on the 
mutual-interference  effects  for wing-fuselage combinations other than 
simple bodies of revolution i s  needed. 

Vertical-tail  contribution.- The vertical-tail  increments t o  the 
stability  derivatives were calculated by means of the  equations  given 



* .  

. 

i n  reference 19. The lift-curve slope was determined from ref - I 
erence 20 for  an effective  aspect  ratio determined fran references I L  i 
and 17. In the  estimation of the yawing and rollfrtg  derivatives of the 
"- vertical&&Lt- considered t o  be equal t o  J 
the geom.m.tric aspect -.?ith no 

C% 

- 
." " " "m 

A camparison of the  estimated and measured tail contribution t o  the 
various derivatives is presented f o r  t h e e  angles of attack in figure 9. 
The estimated increments i n  the lateral static and rotary  derivatives due 
to the tail are generally in  good agreement with the measured values. An 
exception is noted for  the vertical-tail  contribution to the r o l l i n g  
derivatives w h e r e ,  although the trend with angle of attack is estimated 
accurately,  the magnitude of these increments i s  i n  some cases of oppo- 
site sign to   the  experimental  increments. It is belfeved that the thick 
wing roots  at  the wing-fuselage juncture produced sidewash a t  the verti- 
c a l  tail that cannot be accounted for  by the methods employed i n  this 
paper. Because of i ts  location the horizontal tail w a s  fe l t  t o  have 
l i t t l e  influence on the vertical  tail; hence this effect was not accounted 
f o r  in this paper. 

Complete  model.- The estimated  derivatives  for the wing-f'uselage 
combination and tail group were summed t o  obtain  the complete model 
derivatives. The agreement between the estfmated and measured deriva- 
t ives was generally good. The poor weement between certain  estimated 
and measured  complete-model derivatives i s  obtafned as a direct'conse- 
quence  of the Inabili ty t o  e s t b t e  the wing-fuselage contribution t o  
the derivatives. 

A low-speed investigation w a s  made in the Langley s tab i l i ty  tunnel 
i n  order t o  determine the l a t e r a l   s t a t i c  and rotary derivatives of a 
1/12-scale model of a high-speed ffghter airplane with unswept w i n g s .  
The experimentally determined derivatives "Ough the complete angle-of- 
attack range are presented primarily f o r  reference purposes. However, a 
detailed comparison at three angles of attack of the   l a te ra l   s ta t ic  and 
rotrary  derivatives estimated by currently  avaflable methods with the 
experimental  derivatives is  presented. 

In using  current  methds t o  estimate the derivatives of the airplane 
it was found that in general the t a i l  contribution  to the l a t e r a l  static 
and rotary  derivatives could be estimated with a good degree of accuracy. 
The estimated wing-fuselage-combination derivatives, however,  were not in 
good agreement with the measured values. This lack of better agreement 
may be caused by the Interference of the thick wing roots at the 
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wing-fuselage juncture which could not be accounted for by the methods 
employed, and the inability to calculate readily the fuselage-alone con- 
tribution to certain of the stability  derivatives. 

Langley Aeronautical Laboratory, 
National Advieory Ccsmnittee for Aeronautics, 

Langley Field, Va., October 26, 1953. 

c 
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TILBI;E I . . DlMENsIONS AWD CHARACTERISTICS OF MODEL 

L 

. 

W i n g :  
Airfoil   section  at   fold (fold at  0.427 b/2) . . . . . . .  
Airfoil   section  at   theoretical  t i p  . . . . . . . . . . .  
T O W  area. +. sq f t  . . . . . . . . . . . . . . . . . .  
Mean aeroaynamic chord. E .  f t  . . . . . . . . . . . . . .  
Root chord (trailing edge extended). f t  . . . . . . . . .  
TLp chord. f t  . . . . . . . . . . . . . . . . . . . . . .  
Sweep of leading edge. deg . . . . . . . . . . . . . . .  
Incidence. deg 

span. bW. ft . . . . . . . . . . . . . . . . . . . . . . .  

Aspect ra t io  . . . . . . . . . . . . . . . . . . . . . .  
A t  theoretical root chord . . . . . . . . . . . . . . .  
A t  theoret ical   t ip  chord . . . . . . . . . . . . . . .  
A t  wing fold root chord . . . . . . . . . . . . . . . .  

Dihedral. deg . . . . . . . . . . . . . . . . . . . . . .  

NACA 651-u2 . NACA 63-209 . . . .  2.04 
. . . .  3.47 
. . . .  0.613 . . . .  0.762 . . . .  0.361 

. . . .  5.90 

. . . . . .  0 

. . . .  4 2  . . . .  4 2  . . . .  4 2  . . . . . .  3 

Horizontal tail : 
Airfoil  section . . . . . . . . . . . .  U-percent-thick W A  63-series 
kea. SH. eq f t  . . . . . . . . . . . . . . . . . . . . . . . . .  0. 485 span. bH. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  1.51 
R o o t  chord. f t  . . . . . . . . . . . . . . . . . . . . . . . . .  0.402 
Tipchord. ft . . . . . . . . . . . . . . . . . . . . . . . . . .  0.243 
Sweep. leading edge. deg . . . . . . . . . . . . . . . . . . . .  8.45 
Area ratio. SH/SW . . . . . . . . . . . . . . . . . . . . . . . .  0.29 

Vertical tail: 
Airfoil  section . . . . . . . . . . . .  U-percent-thick W A  65-series 
Total  area. %. sq f t  . . . . . . . . . . . . . . . . . . . . . .  0.328 
Root chord. Ft . . . . . . . . . . . . . . . . . . . . . . . . .  0.673 
Tip chord. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.268 Spas. h. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.694 
Sweepback. leading edge. deg . . . . . . . . . . . . . . . . . .  24.50 
Tai l  length.  distance from kenter of gravity to 2. ft 1-42 

Tail height. perpendicular distance from center of gravity 

Area ratio. +/% . . . . . . . . . . . . . . . . . . . . . . . .  0.161 
Fuselage length. 2% . . . . . . . . . . . . . . . . . . . . . . .  3.33 

E 
4 

. . . . .  
t o  EV. ft . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.434 
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Figure 1.- System of stability &xes. Arrow8 indicate  positive direction 
of forces, moments, and displacements. 
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L-79633 
(a) View of complete model. 

L-79634 
(b) View of complete model with modified fuselage. 

Figure 3. -  Model used i n  tes ts .  
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Figure 4.- Details of modified fuselage. A l l  dimensions m e  given in inches. 
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Figure 5.- Variation of lift coefficient, drag coefficient, and pitching- 

moment coefficient with angle of attack for wing-f'uselage combination 
Etnd complete  model. 
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Flogged symbok for nwdfied fuselage -(see figs 30nd4.l 

Figure 6.- Variation of s ta t ic   la teral   s tabi l i ty   der ivat ives  with angle 
of attack f o r  wing-fuselage  combination and conplete model. With and 
without rem fuselage  modification. 
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Figure 7.- Vmiation of rolling  stability  derivatives with angle of 
attack for wing-fuselage conibination and complete model. 
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Figure 8.- Vaxiation of yawing stability derivatives  with angle of attack 
f o r  wing-fuselage combination and complete model. 
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Figure 9.-  Coqmison of the estimated a d  measured lateral and rotary 
derivatives for the  wing-fuelage combination,  vertical tail, and 
complete model. 
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(b) Rolling derivatives. 

Figure 9.- Continued. 
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( c )  Y a w i n g  derivatives. 

Figure 9 .  - Concluded. 
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