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LATERAL OSCILLATORY CHARACTERISTICS OF THE 

REPUBLIC F-91 AIRPLAN3 CALCULATEI] BY USING LOW-SPEED 

ExpERlXENTAL STATIC AND ROTARY DERIVATIVES 

By Byron M. Jaquet and E. S . Fletcher 

The  present  investigation was conducted  to  determine,  from  low-speed 
tests  in  the  Langley  stability  tunnel,  the  static  and  rotary  derivatives 
of a l/g-scale  model of the  Republic 3-91 airplane and various  of  its 
components  (including  the  effects of wing incidence) and to determine 
the  accuracy  with  which  the  period and damping of the  lateral  oscilla- 
tion  of  the  airplane  could  be  calculated by using  these  experimentally 

between  flight and calculated  period and dam-ping of the  lateral  oscilla- 
tion  were  made  for k c h  numbers from 0.4 to 0.9 at an altitude  of 
20,OOO feet  for Oo wing incidence and several  other  wing  incidences. 
Some comparisons  were  hade of the  static and rotary  derivatives of  the 
model  and  derivatives  estimated  by  available  procedures. 

determined  derivatives  (corrected  for Mach number  effects).  Comparisons 

The  results  of  the  investigation  have  indicated that the  model did 
not  have unusual aeroayaamic  characteristics  except fo r  a large (about 
-0.125) increment in the  damping in  yaw contributed by the  fuselage. 
Changes in wing incidence,  in  general,  had  Lfttle  effect on the  static 
and  rotary  derivatives of the  model. The static and rotary  derivatives 
of the  model  could  be  estimated with good  accuracy only in the low 
angle-of-attack  range by using  available  procedures. 

Changes in the angle between  the  reference  axis  and  principal axis 
and  in  the nondimnsional radtus  of  gyration in yaw had on ly  a small 
effect on the  period  of the lateral  oscillation  but  had  large  effects 
on  the damping. This result  indicates  that, as has been  shown in other 
investigations, lnowing the  exact mass parameters  is  as  important  as 
Inowlng the  correct  derivatives. For the  most  recent mass characteris- 
tics  available, good agreement was obtained  between  the  calculated  and 
'flight  damping  for k c h  numbers  up  to 0.6, whereas  at  higher  hkch  numbers 

The calculated  period was in good agreement  with  the  flight  period for 
the  bkch  number  range  investigated. 

- 
4 the  calculated  rate  of  damping was greater  than  that  obtained in fl ight.  
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stability  deriva- 
tives  and  airplane mass characteristics  is  necessary in order  to  insure 
good  estimates  of  the  period  and  damping  of  the  lateral  oscillation  for 
any  airplane  under  consideration.  Numerous  methods  are  available  for 
the  estimation of these  derivatives  and a number of these  methods  are 
summarized in reference 1. In some cases,  the  derivatives  are  difficult 
to  estimate,  the  result  being  that  the  period  and  damping  of  the  lateral 
oscillation  cannot  be  calculated  with  the  accuracy  desired.  Such was 
the  case  for  the  Republic F-91 airplane  in  the  investigation  reported 
in  reference 2. Generally, poor agreement  between  calculated  and flight 
values  of  the  period  and  damping  of  the  Lateral  oscillation was noted 
and  it was believed that mre accurate rolling and yawing  derivatives 
wer.e  needed. 

The  present  investigation was conducted  to  determine  from  low-speed 
wind-tunnel  tests  the  static  and  rotary  stability  derivatives of a 
1/9-scale  model  of  the  Republic F-91 airplane  and  various of its  com- 
ponents  (including  the  effects of wing  incidence). The static and 
rotary  derivatives  of  $he  model  components  also  were  estimated by avail- 
able  means  for  comparison  with  the  experimentally  determined  derivatives. 
The  experimental  derivatives  (corrected for &ch  number  effects)  were 
used  to  estimate  the  variation  of  period  and  rate  of m i n g  of the 
lateral  oscillation  with k c h  number  at an altitude  of 20,000 feet  for 
comparison with values  obtained  from  flight  tests of the  full-scale 
airplane  xith 0' w i n g  incidence  (ref. 2) and several  other wing incidences. 

b 

The  data  presented  herein  are  in  the  form  of standard RACA symbols 
and coefficients of forces  and  moments and m e  referred  to  the  stability 
system  of  axes  shown  in  figure 1. The  center  of  gravity was at 0.21 of 
the mean aerodynamic  chord.  The  coefficients  and  symbols  used  herein 
are  defined  as follows: 

CL lift coefficient, L / q h  

0 drag coefficient, D/q% 

ck Lateral-force  coefficient, Y/q% 

pi tching-moment  coefficient , M/qh< 
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L lift, lb 

Y lateral  force, lb 

M pitching moment, f t - lb  

L' ro l l i ng  moment, f t - l b  

N yawing moment, f t - l b  

A aspect  ratio, b2/S 

S area, sq ft 

C local  chord  parallel  to  plane of symmetry, ft 

- 
C mean  aerodynamic  chord, f't, 

9 dynamic  pressure, lb/sq ft, PV2 

P mass density of air, slugs/cu ft 

v airspeed,  ft/sec 

Y spanwise  distance  measured from and perpendicuhr to plane 
of symmetry, ft 

2 tail length,  distance  parallel to fuselage  reference line 
from  center of grav i ty  to F/4 of tail, ft 

z t a i l  height,  perpendicular  distance frm fuselage  reference 
line  to F/4 of  tail,  ft 

U angle of  attack  of  fuselage  reference  line,  deg 

9 angle-of-attack  correction  factor  to  effectiveness of vertical 
ta i l  in sideslip 
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Y 

kz, 

T1/2 

P 

H 

angle cf sideslip,  deg or radian (as noted) 

incidence of wing root chord line, deg 

rate of change of wing sidewash angle at  vertical  tail  wlth 
wing-tip  helix  angle 

rate of change  of  fuselage  sidevash  angle  at  vertical  tail 
with wing-tip  helix angle 

wing-tip  helix  angle, radian 

yawlng angular velocity  parameter, radian 

rolling  velocity,  radians/sec 

yawing angular  velocity,  radians/sec 

angle  betwee9  reference a x i s  and principal d s ,  positive 
when reference a x i s  is  above  prfncipal a x i s  at  the nose, deg 

inclination of principal  longitudinal a x i s  with  respect  to 
flight  path,  positive  when  principal  axis  is  above  flight 
path at nose, deg, q = a - E 

angle of flight  psth to horizontal a x i s ,  positive  in  climb, 
deg 

radius of gyration in roll  about  principal  longitudinal  axis, 
ft 

radius of gyration in yaw about  principal  vertical axis, ft 

nondimensional  radius of gyration in r o l l  about  principal 
longitudinal axis, 

kxo P 
nondimensional  radius of gyration in y-aw about  principal 
vertical a x i s ,  

%/b 
time for oscillation  to damp to one-.,zalf  amplitude,  6ec 

period of oscillation,  sec 

altitude, f t 

I 
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M k c h  number 

R Reynold6  nuniber 
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. 
Subscripts : 

V vertical  tail 

H horizontal  tail 

The  following  notation  ie  used  to  denote model components: 

F fuselage 

WF wing, f’uselage 

m wing, Fuselage,  vertical  and  horizontal  tails 

The  fuselage  includes  upper and lower  rockets snd ventral f i n  unless 
otherwise  noted.  (See  fig. 2.) 

AFTARAm, m m ,  AND TESTS 

The  Langley  6-foot-diameter  rolling-flow  test  section (ref. 3)  
and  the  Langley 6-  by  6-foot  curved-flow  test  section (ref. - 4) in  which 
rolling or  curved  flight is simulated  by  rolling  or curving the  airstream 
about a rigidly  mounted  model  were  used  for  the  present  investigation. 
The  model was mounted on a single  support  which was rigidly  attached 
to a six-component  balance system. 

Geometric  details of the  l/g-scale  model of the  Republic F-91 air- 
plane having an inversely  tapered,  variable-incidence wing are shown  in 
fi  re 2. Additional  details  are  given in table I. The wing had 
40 sweepback of the 0.5 chord line, a taper  ratio of 1.63, an aspect 
ratio  of 3.07, an area of 3.95 square  feet, a mean aerodynamic  chord 
of 1.178 feet, -5O dihedral, ELnd Republic  Aviation  Corporation  airfoil 
sections.  (See  table 11. ) A center-of-gravtty  position  of 0.2E was 
selected  for  the  tests and the wlng rotation  point  about  which  the 
wing incidence. was varied w&s 0 .l2p (fig. 2). The  model was constructed 
of laminated mahogany with aluminum inserts in the  vertical and hori- 
zontal  tails  and along the wing trailing  edge. A photograph of the 
model  is  presented  as  figure 3.  

IF 

. 
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The tes ts   consis ted of six-component measurements of forces and 
moments through  an  angle-of-attack  range of about -8' t o  28O. The t e s t s  
a r e  summarized i n  the following table:  

Test 

S t a t i c  
longitudinal 

S t a t i c  
l a t e r a l  

Rolling 

Yawing 

0 

*5 

0 

0 

0 

0 

0 

rb /2V M R 

1.4 x lo6 

1 .4  

1.4 

1.1 

The wfng, wing-fuselage  combination, and the complete model were 
tes ted under  each of the  condi t ions  l is ted  in   the table f o r  i, = 6O,  Oo, 
and -2'. The fuselage  alone  with  the  top  rocket  fairing on and off was 
tes ted a t  OL = Oo, 6O, 12O, and 20' a t  the  values of rb/ZV l i s t e d  i n  
the  table .  

CORRECTIONS 

Approximate jet-boundary  corrections  derived  for unswept uings were 
applied  to  the  angle of a t t ack  a d  drag  coefficient.  A correct ion  to  
Cyr was applfed  to  account  for  the  pressure  gradient  associated with 
curved flow. (See ref. 4.)  Blockage corrections, u s u a l 4  less   than 
1 percent, were not  applied t o  the data nor were support strut tares. 
Horizontal  tail-on  pitching moments were corrected for the e f f ec t s  of 
t h e   j e t  boundarfes by the me,thods of reference 5 .  
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Basic data.- The basic  experimental  data  obtained  during  the  present 
investigation are summarized  as  follaws: 

Figure 

Data : 
Variation of C,, CD, and C, with a f o r  
iw = 6 O ,  Oo, a d  -2' . . . . . . . . . . . . . . . . . . . . . .  4 

Variation of C y  and  C2  with a for P' cnp' 

P' cDp' 

r' '+' 

B 
.iv = 6O,  Oo, and -2' . . . . . . . . . . . . . . . . . . . . . . .  5 

Variation  of Cy and CZ with a for 

i, = 6O, Oo, and -2' . . . . . . . . . . . . . . . . . . . . . .  6 
Varfation  of Cy and  Czr  with. a for 

P 

i, = 6 O ,  oO, and -2' . . . . . . . . . . . . . . . . . . . . . .  7 

Some of  the  basic  data  are  cross-plotted in figure 8 to show the 
effects  of wing incidence on the  various  derivatives for several  lift 
coefficients. 

The  basic  data  do  not  show unusual static o r  rolling  characterfs- 
tics  when  compared  to  corresponding  data f o r  other  sweptLwing models. 
(See  ref. 6, for  example. ) The  yawing  data  (fig. 7 ) , however,  indicate 
that  the  fuselage  contributed an unusually  Large and favorable  (negative) 
increment  to Cnr. ThLs increment,  about -0.125, is as Large as that 
contributed  by  the  vertical  tail of other  models  (see,  for  exanple, 
ref. 7). 

Effects of wing incidence.- The effects of wing  incidence on the 
static  longitudinal  stability  characteristics  can  be  seen f r o m  the 
basic data of figure 4. The primary  effect  of  wing  incidence  is to 
change  the  angle of zero liFt by an amount  approximately  equal  to the 
change in incidence. 

The  effects  of wing incidence  on  the  static  lateral and rotary 
stability  derivatives  are  shown  in  figure 8, for  several  lift  coeffi- 
cients,  for  the  complete  model,  wing-fuselage  combination,  and  the  tail 
contribution.  The  tail  contribution  to the various  derivatives WPB 
determined by subtracting  the  wing-fuselage  derivatives  from  the ~ m -  
plete  model  derivatives.  Wing  incidence, i n  general, has only a small 



LW 

effect  on  the  wing-fuselage-combination  derivatives.  The  tail  con- 
tribution  to  some  of  the  derivatives is affected  somewhat by a change 
in  wing  incidence,  and  this  effect is probably  caused by a displacement 
of the wing =!.:e relative to the  vertical  tail as the w i n g  incidence 
is  changed.  (See ref. 8 for t he  effects of the wing wake on  the  rolling 
derivatives of vertical  tails.) 

Comparison of &aswed .and Estimated  Derivatives 

Vertical-tail  contributions.- The equations,  and  their  source,  used 
to  calculate  the  vertical-tail  increments  of  the  various  derivatives 
are  as  follows: 

Equation8 teference 

3 

lo 

10 

ll 

ll 

ll 

7 

7 

7 
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The  lift-curve  slope (av was determined  from  reference 12 for 
an effective  aspect  ratio  determined  from  reference 9 .  m e n  the  yawtng 
and  rolling  derivatives of the  vertical  tail  were  calculated,  the  effec- 
Give  aspect._ratio was consia;Sed..ta..he  .equsl  to the gGZ-mtfI-c-aEpecT 
Patio  with  no e'3;lgd&e_-exeLaf the f u s e ~ ~ ' . ~ e e  re?': 7 for  the 
yazw &e. ) The  factors 3 and - were  obtained  from  refer- 

I . .  __I__ . 

e * 
2v 2v 

ences 8 and 11, respectively. 

The  rolling and yawing  derivatives  of  the  vertical  tail  were  also 
calculated by using  the  experimental  static  derivatives. 

The  horizontal-tail  contribution to Cz was calculated  by  the 
P 

method  given  in  reference 13. 

The  estimated  tail  contributions to the  various  derivatives  are 
compared  with  the  experimental  values  in  figure 9.  In general,  the 
tail contributions  to  the  rotary  derivatives  could  be  estimated  with 
fairly good  accuracy  by  using  the  estimated (Gh but,  when  the 
experlmental  static  derivatives  were  used,  the  agreement was poorer 
especially  at  moderate and high  angles  of  attack. This result has been 
previously  noted  for  the yawing case in the  investigation  reported  in 
reference 7. 

The  poorer  agreement  obtained  when  experimental  static-lateral 
stability  derivatives  are  used  to  calculate  rotary  derivatives  of  the 
tail  is  the  result  of  different  types of flow. In sideslip,  the flow 
direction along the  Length of the  f'uselage  is  constant;  whereas, in 
the yawing case,  the  flow  direction  varies  along  the fueelage length 
and, consequently,  the  influence of the  fuselage in sideslip  and yawing 
flow  is  conslderably  different  (ref. 7 ) .  The,effects of the fuseme 
on the  sidewash  at  the  tail for the ro l l ing  case are diecussed  in 
reference 11. 

Wing-fuselage  contribution.-  The wing-fiselage-combination deriva- 
tives  were  taken as the sum of the wing derivatives and fuselage  deriva- 
tives.  Estimated  values of the wing and fuselage  derivatives  were 
obtained from the following sources: 



Component 

wing 

Wing 

Wing 

Fuselage 

Fuselage 

Fuselage 

Fuselage 

h e s e  values are assumed t o  be zero. 

11 

Reference 

The ef fec t  of wing dihedral on Cy was determined from reference 17 
and  on C and C z r  from reference 1 8 . The contribution of the  rocket 

f a i r ings   t o  Cyr and Cnr was determined by assuming t he   f a i r ings   t o  be 
low-aspect-ratio  vertical   f ins.  These contributione were calculated by 
using  the  equations  for (Cnr)v and as given i n  a previous 
sect  ion. 

l a  

The measured and estimated wing-f’uselage-combination derivatives 
are compared i n  figure 10. I n  general,  the agreement i s  good at low 
angles of a t tack  but  i s  poor at  high angles of s t t s ck .  The Large dif- 
ferences between estimated and experimental  values  of C l g ,  C z r ,  and 
Cy may be a t t r ibu ted   to   the   fac t  that the  theory of references 14 
and 16 does  not  account fo r  the  flow  separation that occurs at  angles 
of attack  appreciably below the stall at  l o w  Reynolds numbers. It is 
believed that these  estimated  curves may indicate  trends at higher 
Reynolds numbers. The differences  for  the  other  derivatives rnay be 
at t r ibutable   to   mutual   interference  effects  of the  wing-fiselage com- 
bination which have not been  accounted for   s ince  interference  effects  
have been determined only f o r  simple  bodies of revolution.  (See 

f refs. 7, 9, and 11.) I n  addition, the canopy may have some ef fec t  on 
the  various  derivatives.  (See ref. 19. ) 

P 

Complete model.- The complete-model derivatives were obtained by 
the  addition of the  wing-fuselage  and  vertical-tail  derivatives. A 
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comparison  of  the  estimated  and experimental.derivatives (fig. 11) 
indicates  generally  good  agreement at low vies of attack  but  poor 
agreement  at  angles of attack  above  about 8 . The  poor  agreement  at 
high  angles of attack  is a direct  consequence  of  the  poor  agreement  of 
the  estimated  and  experimental  wing-fuselage  derivatives. 

Estimated  Effects of bch Number on Derivatives 

Inasmuch  as  the  derivatives shown in figures 4 to 7 were obtained 
at k c h  numbers  near  zero  in  order  to make them  applicable  for  calcu- 
lating  the  airplane  stability  at  Mach  numbers up to 0.9, it was necessary 
to  apply  corrections for Mch number  effects. This was-accomplished  by 
correcting  the  vertical-tail  derivatives  and  wing-fuselage  derivatives 
independently.  Aeroelastic or unsteady  lift  effects  on  the  derivatives 
have  been  neglected. 

Vertical  tail.-  The  lift-curve  slope of the  vertical  tail was 
obtained  from  the  experimental  derivative 
curve  slope, an effective  aspect  ratio was determined from reference 12. 
From reference 20 the  effects  of k c h  number on the  vertical-tail  lift- 
curve  slope  were detedned and  these  corrections  were  applied  to all 
vertical-tail  derivatives. 

(“is>v and,  for  this  lift- 

Wing-f’usehge  combination.-  The  lift-curve  slope of the  airplane 
for  &ch  numbers  from 0.6 to 0.9 was obtained  from  reference 21. Lift- 
curve  slopes  for Pilach numbers  between  those  of  the  present  investiga- 
tion and those  of  reference 21 were  obtained  by  fairing a curve  between 
the  values  of  at M = 0.17 and M = 0.60. Reference 20 was used 
to obtain  Mach  number  corrections  for Czg, Cz,, Czp, C n p ,  and Cy 
The  wing-fuselage  contributions to the  derivatives CyB’ Cnpj Cr+> 

and Cyr were  assumed  to  be  constant  for  the  &ch  number  range  considered 
since  the  fuselage  is  generally  the  primary  contributor  to  these  deriva- 
tives  and  Mach  number  corrections  for  fuselages are generally  considered 
negligible in  the  subsonic  speed  range. 

P 

Complete  model.-  The  complete-model  derivatives  are  the sum of the 
corrected  vertical-tail  derivatives  and  the  corrected  wing-fuselage 
derivatives  for a given angle of attack  and k c h  number.  The  variation 
of CL  and  the  static  and  rotary  derivatives  with  hkch  number f o r  
several  angles of attack  are  presented in figure 12 for wing incidence8 
of 6O, Oo, and -2O. 
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Lateral  Oscillatory  Characteristics 
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Several  values  of  the m s s  parameters KQ' and E were a-milable 
for  the  Republic F-31 airplane  from  the Ames Aeronautical  Laboratory. 
Because  there was no indication of which  values  were  correct,  the  period 
and  damping  (presented in terms of the  time  to damp to half' amplitude) 
of  the  lateral  oscillation  were  calculated by using  the  range  of  valires 
of K Q ~  and E shown in  table 111 and the  aerodynamic  derivatives of 
figure 12. The  calculations  were  made  for an altitude of 20?000 feet, 
a wing  loading of 61.1 pounds  per  square  foot,  and a relative  density 
factor of 47-9 by  using  the  linearized  equations of lateral  motion  as 
presented  in  reference 22. All calculations  were  made an automatic 
digital  computing  machine. 

Effects  of E and I$+,2 on  calculated  period and damping.- A 
decrease  in E from 6 O  to Oo for  the  two  larger  values  of K Q ~  

( f ig s .  l3(a) and 13(b 1 ) resalts  in a decrease in T1/2 (indicating an 
increase in  damping)  and P with E having a large  effect on the 
damping  at low k c h  numbers and a small effect  at M = 0.3. For the 
smallest  value  of Kzo2 (fig. 13(c)), E has a negligible  effect on 
the  damping  and  period  except  at  low  Mach  numbers.  Decreasing K z o 2  
for a constant  value  of E decreases  both T1/2 and P with the 
largest  effect at low Mach  numbers. 

Comparison of flight and calculated  period  and damping.- The  dashed 
curves  in  figure 13 represent flight data  which  were  obtained  from 
reference 2. The  flight T1/2 has a smaller  variation u i t h  Mach nun- 
ber than the  calculated  values.  The  best  agreement  between  calculated 
&nd flight  values  of  the m i n g  is  obtained  when q2 = 0.1026 and 
E = 0' (fig. l3(a>) for  Mach  numbers up to 0.6 and for  higher hch 
numbers  the  calculated  curve  indicates  greater  damping  than  actually 
exists. The corresponding  calculated  period  is  about LO percent  lower 
than the  flight  values  for  the k c h  number  range  investigated. 

A comparlson of the  effect of using  estimated  derivatives or 
experimental  derivatives in the  calculation of the  variation of the 
damping and period  with k c h  number  is  presented in  figure 14 for two 
different  sets  of mass data;  the mss data used  for  the  calculations 
of  figure 14(b) are the most recent  available  for  the  airplane  (ref. 2). 

- For the mass data  used  in  figure  14(a)  there  is  little  difference 
in  the  damping and period  when  either  estimated or experimental  deriva- 
tives  are  used  in  the  calculations.  When  estimated or experimental 
derivatives  are  used  with  the  most  recent mass data (fig. 14(b)), a 
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large  difference  in  the calculated damping resul ts ;  the calculated trend 
of damping with hkch number using  experimental  derivatives  approaches 
the  f l ight   t rend,  whereas the  calculations  using  estimated  derivatives 
indicate less damping at low Mach nunibers and a greater change i n  
damping with an increa6e i n  Mach number. Calculations were a l so  made 
(data not  presented)  for the conditions  of  figure l4(a) with experi- 
mental derivatives  neglecting Mach  number corrections. These calcu- 
la t ions  resul ted in values of T l / g  and P that w e r e  almost ident ica l  
t o  the values i n  figure 14(a). This is  probably  the  results of com- 
pensating  effects of the Mach  number corrections  ( theoretical)  and, i f  
experbnental &ch number corrections had been available,  this may not 
have  happened. 

Large  differences i n  some of the  derivlstives of reference 2 
(estimated) and the  present paper (experimental derivatives) are apparent, 
notsbly Cy CzP,  C z r ,  and Cnr. As was noted  previously,  the  dif- 
ferences  obtained i n  calculating T 112 and P by using  e’stimated and 
experimental  derivatives may o r  may not be large depending on the mass 
parameters and these.differences  in   der ivat ives  are inc identa l   in  some 
cases and are important In   o thers .  This resul t   indicates  that knowing 
the  exact mass parameters of an  airplane I s  as important as knowing 
the correct  derivatives.  

P’ 

There are  other  items that. could  poseibly  affect the calculations. 
One of these is  random.cantro1 movement. Ia the investigation of refer- 
ence 2 it was noted that the controls were assumed fixed  although this 
was not ham t o  be a cer ta inty.  On the  basis of  the investigation of 
reference 23, random control movement could .bve an appreciable  effect 
on the motions of the  airplane and it was necessary t o  account for this 
In the  calculations. Time h i s to r i e s   fo r  the subJect  airplane were not 
available and,  hence, the ef fec ts  of control movement have not been 
included in   the  calculat ions.  

It is  also possible that the mch number e f fec ts  on the  derivatives 
are  not  predictable by the currently  available  theoretical  methods for 
Mach numbers above 0.75 and t h i s  may have an e f fec t  on  the  variation of 
the damping with bhch  number. 

Effects of wing incidence on period and dampiq.- For the calcula- 
t i o n s   t o  determine the ef fec ts  of wing  incidence on the period and 
damping of t he   l a t e ra l   o sc i l l a t ion  I t  was assumed that ving  incidence 
d i d   n o t   d f e c t  K %02, and E. The value of K Q ~  was 0.1026 
f o r  a l l  calculations, and -=lues of E of 0’ and 3 O  were used as is 
noted in   t ab l e  III. 

xo2, 
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The  effects of wing incidence on  the  variation of Tl/2 and P 
with  &ch  number  are  shown in  figure l5(a) and  these  data  are  cross- 
plotted  in  figure 15(b) to  show  the  variation of T l / 2  and P with 
wing  incidence  for  the EIach  number  range  investigated.  Also shown in 
figure  15(b)  are  flight  values  of T l / 2  and P for  several  wing 
incidences  as  obtained  from  the  NACA  High  Speed  Flight  Research  Station 
at  Edwards  Air  Force  Base,  Calif,  (to  date  unpublished). For either 
value  of E, decreasing  the wing  incidence  from 6O to -20 decreases  the 
time to danp to  one-half  amplitude,  the  effect of Incidence  decreasing 
as the  Mach  number  is  increased.  Except  for a Mach  number of 0.5, 
T q z  decreases  linearly  with a decrease in wing incidence  for  either 
va ue  of E. Wing  incidence has little  effect on the  period of the 
oscillation,  the  period  for i, = 0' being  slightly  higher  than  for 
other  values of iw- These  trends  are  generally  similar  to  those 
obtained  in  the  flight  tests,  although  for  incidences  greater than 4' 
the  flight  data  indicate a greater  decrease  in  damping  with an increase 
in  wing  incidence  than was calculated.  The  magnitude  of T varies 
with E for a given  Mach  number and, for E = Oo, the  calculated 
magnitude  of T1/2 € 8  about  the same as that  obtained  in  flight  for 
Mach  numbers  up  to 0.6. 

1/2 

CONCLUSIONS 

An investigation was conducted to determine,  from  low-speed  tests 
in  the  Langley  stability  tunnel,  the  static  and  rotary  derivatives of 
a lfg-scale  model  of  the  Republic F-91 airplane and to  determine  the 
accuracy  with  which  the  period and damping of the  lateral oscilhtion 
of  the  airplane  could  be  calculated by using these  experimentally  deter 
mined  derivatives  (corrected  for hch number  effects).  Comparisons 
were  made  between  flight and calculated  period and daurping  of  the 
lateral  oscillation f o r  h c h  numbers  from 0.4 to 0.9 at an altitude  of 
20,000 feet  for 0' wing incidence and several  other  wing  incidences. 
Some comparisons  were  made  of  the  static  and  rotary  derivatives  of  the 
model and derivatives  estfmated  by  available  procedures.  The  results 
of the  investigation  indicate  the following conclusions: 

1. The model  did  not  have unusual aerodynamic  characteristics 
except  for a large (-0.125) increment in the  damping in yaw contributed 
by the  fuselage. 

- 2. Changes in wing incidence,  in  general, had little  effect on the 
static  and  rotary  derivatives of the  model. 
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3 .  The  static  and  rotary  stability  derivatives  of  the  model  could 
be  estimated  with good accuracy only in  the low angle-of-attack  range 
by  using  available  procedures. 

4. Changes in the  angle  between  the  principal  axis  and  the  reference 
axis  and in the  nondimensional  radius of gyration  in yaw had only a 
small effect on the  period  of  the  oscillation  but had large  effects on 
the damping. This  result  indicates  that,  as has been  shown  in  other 
investigations, knowing the  exact mass parameters  is  as  important  as 
knowing the  correct  derivatives. 

5 .  For the  most  recent mass characteristics  available, good agree- 
ment  was  obtained  between  the  calculated  and  flight  damping  for  Mach 
numbers  up  to 0.6, whereas,  at  higher  Mach  numbers,  the  calculated  rate 
of damping was greater than that  obtained in flight.  The  calculated 
period was in  good  agreement  with  the flight period  for  the  Mach  number 
range  investigated. 

Langley  Aeronautical  Laboratory, 
National  Advisory  Cormnittee  for  Aeronautics, 

Langley Fielcl,  Va.,  June 24, 1953. 
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TABU3 I.- GZOMETRIC CEIARACIIlERISTICS OF l/g-SCA.TA M313EzL 

O F  R3EJBLIC F-91 A m  

Wing: 
Aspec t r a t io  . . . . . . . . . . . . . . . . . . . . . . . . . .  3.07 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  1.63 
Quarter-chord sweep angle, deg . . . . . . . . . . . . . . . . .  37.5 
Dihedral  angle, deg . . . . . . . . . . . . . . . . . . . . . .  -5 
Incidence, variable, deg . . . . . . . . . . . . . . . . . .  -2 t o  6 
Area, sq ft . . . . . . . . . . . . . . . . . . . . . . . . . .  3.95 

Mean aerodynamic chord, f t  . . . . . . . . . . . . . . . . . .  1.178 
Tipchord,  f t  . . . . . . . . . . . . . . . . . . . . . . . . .  1.43 

span, f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.485 

Vertical  tai l :  
Aspec t r a t io  . . . . . . . . . . . . . . . . . . . . . . . . .  
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  
Quarter-chord sweep angle.  deg . . . . . . . . . . . . . . . .  
Area from fuselage  reference line. sq f t  . . . . . . . . . . .  
Span from fuselage  reference line. f t  . . . . . . . . . . . .  
Mean aerodynamic  chord. ft . . . . . . . . . . . . . . . . . .  
Tail-length  ratio. t ~ / b ,  . . . . . . . . . . . . . . . . . . .  
Tail-height  ratio. z v / b  . . . . . . . . . . . . . . . . . . .  
Area rat io .  %/% . . . . . . . . . . . . . . . . . . . . . .  
Tip  chord. f t  . . . . . . . . . . . . . . . . . . . . . . . .  

. 2.18 
* 0.39 
. 3 3  
0.768 
1 *293 
0.632 
0 -499 
0 1-59 
0 195 
0 * 333 

Eorizontel tai l :  
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . . .  3.90 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . .  1.0 
Quarter-chord sweep angle. deg . . . . . . . . . . . . . . . . .  40 
Dihedral angle. deg . . . . . . . . . . . . . . . . . . . . . .  0 
kcidence. deg . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Area rat io .  ~ d h  . . . . . . . . . . . . . . . . . . . . . .  0.223 
span. ft . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.852 
Tail-length  ratio. 2 K %  . . . . . . . . . . . . . . . . . . .  1.785 
Tail-height  ratio. zH/zv . . . . . . . . . . . . . . . . . . .  0.425 

Fuselage : 
Length. f t  . . . . . . . . . . . . .  i . . . . . . . . . . . .  4.81 
MaxirmM depth  excluding canopy. ft . . . . . . . . . . . . . .  0.676 .-/ 
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TABU 11.- WING AlRFOIL COORDINATES PARALLEL To PLANE OF S Y " R Y  

Dbtained from ref. 211 

Station, 
percent 

chord 

0 .o 
-5 - 75 

1.25 
2.50 
5 .oo 
7.50 
10 .oo 
15 
x) 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 

T Root section I T i p  section 

Upper, 
percent 

chord 

0 
a63 - 78 
1.01 
1.44 
2.05 
2.52 
2.88 
3.44 
3 -84 
4.13 
4.35 
4.44 
4.48 
4.45 
4.36 
4 .l> 
3 -89 
3 -57 
3-19 
2.75 
2.27 
1 *75 
1.21 
.63 

0 

Lower, 
percent 

Upper, 

chord chord 
percent 

0 
51 
.64 
.82 

1.15 
1.60 
1.92 
2.1; 
2.9 53 
2.78 

3.08 
3.08 
3.01 
2.89 
2.72 
2.50 
2.23 
1-93 
1.60 
1.25 

-89 
-54 .24 

2.94 
3.04 

0 

0 
.66 
.81 

1.05 
1.48 
2 .og 
2.53 
2-89 
3.44 
3 -84 
4.13 
4.32 
4.44 
4.48 
4.45 
4.36 
4.15 
3 -89 
3 -57 
3 -19 
2 -75 
2.27 
1-75 
1.21 

63 
0 

Lower, 
percent 

chord 

0 
-54 
.67 
.86 

1.19 
1.63 
1-94 
2.18 
2.53 
2.78 
2.94 
3.04 
3.08 
3.08 
3.01 
2.89 
2.72 
2.50 
2.23 
1-93 
1.60 
1.25 

-89 
* 54 
.24 

0 

'" 
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TABLE 111. - F L I G H T  COKDITIOMS 

[ivestlgated a t  an a l t i t ude  of 20,000 f t ,  a wing 
loading of 61.1 lb/sq f t ,  and I, = 0'1 
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(a) Stability  system of mea. Arroxe indicate 
positive  direction of forces,  moments, and 
angular velocities. 

(a) System of a x e s  and angular relationship 
in flight. Arrovs indicate positive 
direction of angles. 

Figure 1.- System o f  axes. 

~ . . . . . . . . 
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Figure 2.- Geometry of the l/g-ecale model of t h e  Republic F-91 airplane. 
All dimensions are in inches. 
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L-75825 
Figure 3.-  Three-quarter f ront  view of l/g-scale model of t h e  

Republic F-91 airplane in tunnel. 
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(a) & = 60. 

Figure 4. - Variation of &, 

(b) & = 0'. (c)  = -20. 

the Republic F-91 airplane. Center of gravity at 0.21c. 



(a) i, = 6'. 

Figure 5 .- Variation o f  C, 
B' 

1 . .  i 

(b) = 0'. (-2) & = -20. 

GB, and C1 with a for a 1/9-scd.e  airplane model of 
B 

the Republic P-gi airplane.  Center o f  gravity at 0 2 1 5 .  

I 

nl 
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(a) iv = 6’. (b) & 0’. 

I l l l l l i l l l l l l l l l I I , I I  

-8-4 0 4 6 l216iV#aS 

( c )  = -20. 
Figure 6 .  - Variation of % C 

P’ ap’ and czp with a for  l/g-scale airplane model of 

the  Republic F-91 airplane. Center of gravity at  0.21:. 



I 
(a) i, = 6O. (c) & = -20. 

Figure ' I . -  Variation of Cy r' Cnr, and C l r  with a f o r  a l/g-scale  airplane model of 

the Republic F-91 airplane. Center of gravity at 0.21E. 

. .  
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-4 0 4 8 - 4  0 4 8 
& *  
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(b) Variation of rolling  deriva- (c) Variation  of yawing deriva- 
tives of WFVH, WE, and tives of WFVR, WF, and 
WFVH-WF with &. WTVH-WF With 

Figure 8.- Effect of w f n g  incidence on static, rolling, and p w i n g  
derivatives of a l/g-acale airplane  model of the  Republic F-91 
airplane. 
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Figure 9.- Comparison of calculated  and experimental contribution of 
vertical tail to static a d  rotary derivatives. Static derivatives 
per radian. iw = 0 0 . 
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Figure 10.- Comparison of estimated and experimental  static  and rotary 
derivatives of wing-fuselage  combination.  Static  derivatives 
per radian. iw = 0'. 
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Figure 11.- Comparison of estimated and experimental s t a t i c  and rotary 
derivatlves of complete model. Sta t ic  derivatives per radian. & = 0 . 
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Figure 12.- Variation of CL and static, rolling, and yawing derivatives 
with k c h  number for several angles of attack. 
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Figure 12.- Continued. 
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(a) K%2 = 0.1026. 

Figure 13.- Effect of E and 

4 5 -6 7 .8 .9 

h t ” , M  

(b) KZo2 = 0.0941. (c) % = 0.0544. 
2 

on variation o f  T ’12 
and P with Mach number. 

& = 0’; Altitude, 29,000 feet; K%‘ = 0.0246. 

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



(a) K~~ = 0.1026; (b) = 0.0887; 

= 0.0246; E = 0’. 
2 IC% = 0.0249; E = 1.5’. 

Figure 14.- Effect of using estimated  or  experimental  derivatives in 
calculating the variat ion of T1/2 and P xith Mach  number f o r  
the  Republic F-91 airplane. Altitude, 20,000 feet.  (Estizmted 
derivatives for  part (a) were obtained from data r e h t e d  t o  the 
inves t iga t ion  of ref. 2.) 

. 
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(a) Variation of T112 8nd P with Mach number for three w i n g  incidences. 

i2 
8' 
.9 

(b) Variation of T and P w i t h  w i n g  incidence 
1/2 

for several  Mach numbers. 

Figure 15.- Effect of wing incidence on Tr12 and P of lateral 
oscillation.  Altitude, 20,000 feet; = 0.1026. Flight data 
obtained from NACA High-speed Flight Research Stat ion a t  Edwards 
A i r  Force Base, Calif. 
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