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SUMMARY 

Results of KLna-tunnel  oscillation  tests  to  measure  the  rotary 

presented. c-6e- w i n g -  of the  model  airplane  swept 36.750 at the 
leading  edge asd had a taper  ratio of 0.2 and an aspect  ratio of 2.5. 
The  area of the  vertical  tail was symmetrically  disposed  above and below 

9 derivatives of a. research  airplane  colfimration at s rsmic speeds are 

< 

the  fuselage. M a a b ~ p s - a f = 2 . 5 ,  3.0, and 3.5 
at a constant 1,~0,000 based on the w h g  mean aero- 
dynamic chord from -8' to +lbO. Measurements '/ 
were  made of the a p i n g  in y-aw, pitch,  and roll, the static longitud3nal 
and directfonal  stability  derivatives,  the  effective-dihedral  iLertvative, 
the  rolling merit due to T a m ,  and the yawing momeat  due  to ro1Uh.g. 
The  measured  derivatives  are  compared  xith  estimated  values based on the .,/ 

linearized  theory of supersmic flow. __ 
The configuration wa,s found to  be  statically  stable  throughout  the 

Mach nuniber  raage, although its  stabflity w a s  becoming marginal at high 
angles of attack  at a Mach number of 3.5. The Clampfng in y a w  and pitch 
were found to  be  higher thas anticipated and it appeared that  at  the 
higher Mach numbers  the  damping  contribution of the  fuselage may be a 
very  significant  part of the  total damping. 
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An analysis of the  dynamic  motions of an airplase is of funaamental. - importance in modern  airplane  design. A necessary part of the dcuktion 
of representative  airplane  dynamics  is a reasonably  accurate  lmowledge of 

? theoretical reDorts have been i l  UJ 
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published  which  present  first-order  values of the  rotary  derivatives f o r  
various  configurations  based on the  linearized  theory of supersonic flow. 
References 1 a d  2 are  representative  examples.  The  applicability of 
these  methods  depends t o  a large  extent on the  proper  combination  of  the 
effects  of  the  separate  components of the  airplane,  such  as  the wing, the 
fuselage,  and  the  tail  surfaces,  with  due  regard for the  influence of one 
component on another. Although the  proper  combination  of  these  effects 
has been  the  subject  of  research  at  lower Mach numbers, very  little exper- 
imental data on the rotary derivatives exist for Mach numbers  from 2.5 
to 3.5. It is,  +herefore, of interest  to  compare values of the  rotary 
derivatives  obtained f r o m  conventional  methods of estimation  which  have 
been  found  applicable  at  lower  speeds  with  measured  data  at  the  higher 
supersonic  Mach  numbers. 

D 

This report  presents experhental values of stabflity  derivatives 
f r o m  wind-tunnel  oscillation  tests  of a model of a research  airplane  can- 
figuration  and camparisms wlth values  estimated  from  theory for Mach 
numbers of 2.5, 3.0, aSa 3.5 at  angles of attack from -8' to +14O. Some 
additional.  data are presented  for  the  basic  configuration wfth the  verti- 
cal  tail  surfaces  removed  to  show  the  separate  effects of the  vertical 
tail.  The  derivatives  are  referred  to a.body system of axes  and  include 
the  damping in sit&  aerivative (% + k), the  static longitudbal 
stabiYty derivative (k) , the damping in roll derivative (C + C 2.6- a), 

the  rolling  moment  due  to y a w i n g  derivative (C - C 2.~0s a,) , the rolling 
moment  due  to  sideslip  derivative (C z 8 ) ,  the damping !n y a w  derivative 
(car - Cnbcos a) , the sgwing moment' due  to rolling derivative 

2p B 
I 

'r 

( C n ,  f. "Is sin a,) , and the  static  dfrectional  stability  derivative (k ) . P 

DEFlMrmIOMS ARD SYMBOLS 

Forces,  moments, and deflections  are  referred to a body  system of 
exes  defined  in  figure I. The various  stability  derivatives  are  defined 
as follows : 

L 
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!the following  additional symbols are used b the report: 

A b2 aspect  ratio, - S 

b w i n g  span 

CL l i f t  coefficient, 
lift 
1 2 PV'SW 

C2 mllhg-mornent coefficient , rolling moment 
I pV2Swb - 2 



coefficient pitcbbg moment 

1: 2. Pv"SwEW 

side-force  coefficient, side  force 

l oca l  chord 

two-dimensional  lift-curve  slope 

chordwise  distance of the  center of lift of the  tail  behfnd  the 
moment  reference 

Mach number 

rolling velocity 

body volume 

pitching velocity 

y a w i n g  velocity 

mea 

base area of fuselage 

velocity 

chordwise  distance of. the aerodpmnic. center of the wlng behind 
the m o m e n t  reference 

distance of the base of - the fuselage behind the moment reference 

spanwise  coordinate 

spanwise  distance of the mean aerodynamic chord from  the p h e  of 
b/2 

a m t r y ,  g CY a.Y - 
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distance of the-  aeroaynamic  center of the  vertical  tail abve the 
f’uselage  reference line 

angle of &tack, raaians  except  where not& 

angle of siclesllp, raafass except where noted 

angle of geometric dfhectral, deg 

horizontal-tail incidence angle,  positive  deflection indicated in 
figure 1 

angle of downwash 

air  density 

angle of sidemsh 

tail  efficiency  factor 

sweepback  angle of leading  edge 

taper ratio of wing 

Subscripts 

fuselage 

horizontal ta i l  

vertical tail 

MODEL 

The model used fo r  this investigation w a s  a 0.09-scale  reproduction 
of an early  configuration of the X-15 research  airplane, ad. w a s  supplied 
by No*% American  Aviation, Inc. A three-view drawing of the  model show- 
ing some of the important dimensions is presented in figure 2. More 
detailed  dimensional-  characteristics are presented in table I. Two views 
of  the mdel mounted on the  oscillation apparatus in the w i n d  tunnel are 
sham in the photograph, figure 3. 
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The  horizontal  stabilizer was adjustable in 10 increments of 
incidence  angle from +5O to -25' as  required  to  .reduce  the  static  pitch- 
ing  moments  to an acceptable  level  as  explained in the  section on Tests. 
For some of the  tests  reported  herein,  the  top  and  bottom  vertical  tails 
were  removed and replaced  with fairings set flush with  the  fuselage. 

The  requirements of high  strength  and  light  weight  necessary in 
models  used f o r  this  type of testing  were  met usin@; plastic  laminated 
glass cloth f o r  the f'uelage  shell and. magnesium f o r  the  aerodynamic 
surfaces. An inner  sleeve which mated to the  oscillation mechanism and 
to &ich the  fuselage and aerodynamic  surfsces  were  attached was also 
made of magnesium.  The  total  weight of the  model  was 15 pounds. 

Test6  were  conducted in the 8- by 'j"foot  supersonic  test  section of 
the Ames Unitaxy Plas wind  tunnel.  This  wind  tunnel is capable of con- 
tinuous  variation of Mach number  from 2.5 to 3.5 and of stagnation  pres- 
sure f r o m  2-to 28 poUnas per  square  inch  absolute. A more  detailed 
description  of  the w i n d  tunnel may be  found in reference 3. 

The  osciUation.test  apparatus  described in reference 4 was  used 
for the  tests  reported  herein. This apparatus  consists of.two dynamic 
balances  with slrpplemen"y electronic  equipment  for  establishFng a 
steady-state  forced  oscillation of the  model  and  for  measuring  the  desired 
moments and deflections  within  the  balasce  for  evaluation of the  stabillty 
derivatives.  The  model  oscillation wss of a single  degree of freedom  with 
an amplitude  between *lo and +2O. One  balance was used  to  measure  the 
pitching  and  yawing  derivatives.  The  other  balance was used  for  the 
ro l l ing  derivatives.  -Deflection  galvanometers  indicated  visually  the 
steady-state  values of oscillation  amplitude,  input  torque  required to 
maintain  the  oscilhtion, d, for  the y a w  tests,  the ro l l ing  moment  due 
to yawing velocity.  The  oscillation frequency vaxied from 4 to 8 cycles 
per  second,  depending on the  natural.  oscillation  frequency of the  model 
on  the  crossed-flexure spring support  nLthin  the  balance, and w a s  indi- 
cated  visually on an electronic  counter.  Additional  description of the 
details of the  technique  can  be  found in reference 4. 

TESTS . .  

Tests  were  made at Mach nufbers of 2.5, 3.0, and 3.5 through a range 
of angles  of  attack f'rom--8' to +14O, The  Reynolds  number f o r  the  tests 
was 1.5 million  referred  to  the mea aerodynamic chord of the w i n g .  The 
design of-the oscillatfon  apparatus  was such that it was necessw to 
lfmit-  static  pitching  moments  to  Etpprox3matel.y f200 inch-pounds  for  the - 
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damping fn pFtch tests,  and S O 0  inch-pods for the  lateral-directional 
derivative tests. The horizontal stabil izer on the model was used aB a 
tr-lmm.jng device to maintain the  .static pitching moments w i t h i n  these 
limits. Three positions af the  stabilizer were required f0.r the damging 
in  pitch tests t o  cover the range of angles of attack, but one position 
sufficed fo r  the lateral-directional  derivative  tests. 

AC- AJKO CoRREcllIomS M D m A  

Corrections t o  the measured values of the wing derivatives due 
t o  i n t e n "  damping of the model and oscillation mechanism  were deter- 
mined frm measurements of the damp- a t  zero airspeed  with  the wind 
tunnel evacuated FnrmeaFately pr ior  t o  each set  of test runs on a partic- 
ular  configuration.  Application of these  corrections changed the meas- 
ured values of C 2p and Cnr by aa increment of approximately 0.14, 
and (2% + by 1.0. 

A sowce of random error in the data was introduced by the accuracy 
with which the  indicated  values could be read on the  deflection galvanom- 
eters. Other errors were estimated t o  be neglid-ble ccmpared with the 
scatter Fn the ga,lvmometer readfngs due to wind-tunnel turbulence and 
randm aero-c effects. The random error Fn each of the eight meas-  
ured stability  derivatives i s  hdicated by the  scatter in  the experimental 
data f o r  the  respective  derivatives  presented in the results. 

RESULTS AmD DISCUSSION 

The results of this investigation axe presented in figures 4 
through 15. The calculated  values of the  stability  derivatives, pre- 
sented on the  figures fo r  comparison, are based on Unearized  supersonic 
flow theory taken f r o m  a nrnnber of sources. In adding together the 
contributions of the  separate parts of  the  airplane, it has been neces- 
sary t o  make approximxtfons w h i c h ,  in the absence of  static-force data, 
cannot be cr i t ical ly  exambed. It has been assumed in calculating  the 
theoretical values of the  derivatives that the  effective  area of  the 
l i f t i ng  surface was that obtained by projecting  the le- and t ra i l ing 
edges to the center of the fuselage. The  chenge in  downwash and sidewash 
at the t a i l  due t o  the presence of the wTng and fuselage was assumed to 
be zero for this configuration, and the dynamic pressure  acting on the 
tail surfaces was assumed t o  

in 
t o  

It is  h o r n ,  of course, 
many cases. However, the 
account for these  effects 

be the  free-stream value. 
that the above assmptions  are  not  justified 
methods of correcting  the  theoretical  values 
are not so clear. The most expeditious and 
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consistent manner of presenting  the comparisons between theory and 
experiment appears t o  Be t.Mugh the use of  the above  assumptions. The 
particular  equtions used in calculating the derivatives are presented 
in the appendix, a d  can be modified t o  include the  effects of assumptions 
different from those  described above. 

The Longitudinal Derivatives 

Static  longitudinal  stability  derivative, &.- It i s  apparent from 

figure 4 tha t the   s ta t ic   longi t&nd  s t&bi l i ty  varied  quite markedly 
with  angle of attack. Although the  basic configuration was statically 
stable in t h i s  range of Mach numbers, there was evidence of a decrease 
in stability at angles of attack f r o m  8 O  t o  10’. This would be expected 
t o  become  more troublesme i f  the Mach  number  were increased  since  the 
stabilizing wing  and tail contribution would decrease while the  destabi- 
l izing  fuelage contribution would remain relatively constant. Thus, 
increasing Mach number resulted in less negative  values of  c(, as 
illustrated  in  figure 6, and at an m e  of  attack of loo ~ l , ,  was 
becomlng marginal at the higher Mach nmibers. 

~- ~~~~ 

The esthmted  values of % which  have  been placed in figure 4 
are considerably more negative than those of the   qer imental  data. It 
is neither surprising nor disturbing that this i s  SO, however, as the 
lack of satisfactory  purely  theoretical methods of estimEtting has 
resulted  in great reliance on wind-tunnel static  force data to  obtain 
th i s  derivative. If a smaller  effective t a i l  area (such as the exposed 
horizontal-tail area) had been used, or i f  a value of a€/& of  a b u t  0.5 
had been assumed, considerably better agreemmt with exgeriment would have 
been obtained at low anglee of attack. Although  same modification of the 
assumed values of t a i l  mea and downwash is Fndicated, it i s  also U e l y  
that the extended side fairings along the  fuselage play an Fmportant role 
which has  not been considered i n  the  estimates. By use of the approximate 
methods of estimation  indicated in the appendix, and in  the absence of 
static  force data t o  define more clearly  the  contrfbutions of the sepa- 
rate components, the  difference between theory ant€ experiment indicated 
in figure 4 would seem to  be representative of the accuracy t o  be 
expected in estimating for this configuration. 

Damping in  pitch  derivative, % + %.- The experimental  values of 

dam-ping in pitch  derivative were negative  (Fndicating s tabiuty)  and 
varied l i t t l e  with  angle of  attack in the range at wihich tests were  con- 
ducted (fig. 5 ) .  The variations  in damping H t h  horizontal  stabilizer 
angle do not appear t o  be large and are within the  exgerimentd  scatter. 
One surprising  result i s  that the magnitude of  the ming in pitch 
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derivative appeared t o  be increasing w i t &  Mach nmber at a Mach  number 
of 3.5, whereas the theory indicates a reduction in -tude with 
increasing Mach nmber. 

Estimation of the  effects of  the  horizontal t a i l  on damping in pitch 
is subject t o  the sane uncertainty as noted. previously in connection 
with %. It is worthwhile t o  note that a reduction i n  effective tail 
area, w h i c h  wouLa have improved the agreement  between theory and ex-peri- 
m a t  in  the case of % would result in poorer agreement fn the  case 
of % + %. The effect of w i n g  d m w a s h  on the  horizontal tail can 
be examined t o  some extent by considerfng the  effect of variations fn 
assumed values of in computing both & and % + %. The 
assumgtion of a positive  vdue of da/& at zero angle of attack w o u l d  
result in better agreement in both cases. In accounting f o r  the  decrease 
in % a t   the  higher  angles of  attack (fig.  4), however, the a s s m i o n  
of  an increasing dE/da  with  increasing  angle of  attack i s  respired. 
This assumption would result in s im i la r l y  Large increased values of % + % at the  higher  angles of attack w b i c h  is not borne out by the 
experimental d a g ( F i g .  5)  at least f o r  Mach nmbers of 3.0 and 3.5. 
The fact that fhe damping in pitch did not  decrease  with increas- Mach 
nmber  suggests. that perhaps the  effects of the  fuselage o r  of the 
extended fuselage side fairings may be more important than  estfmates 
indicate. Some data supportfng this l a t t e r  view nill be discussed l a t e r  
in connection with  the damping fn yaw characteristics. 

The Sidesup  Derivatives 

Static  directional stability derivative, C, The measured values B" 
of cas f o r  the basic  airplane  configuration grid for the  vertical-tafl- 
off configuration  are  presented in  figure 7. The cu~rpazisons  wlth est i -  
mated values show that at zero lift the directional stability of the 
airplane  with  the  vertical tail removed c&ll be estFmated fdrly accu- 
rately. One noteworthy point wfth respect t o  the  vertical-tail-off  data 
i s  that a t  the  higher  angles of attack the  directional stabflity bpmved 
w i t h  increasing Mach nmaber. For example, a t  a Mach nrmiber of 2.5 C 
wtth the t a i l  off  became progressively more negative  with Fncreasing 

more nearly  constant w i t h  angle of attack. 

nP 

angle of attack,  but at a Mach nmber of 3.5 with the tail off was 

The t a i l  contribution,  obtained as the  affference Fn C, between 
the  basic  configuration and the vertical-tail-off  configuration, w a s  
about 80 percent of the estFmated tail contribution at zero asgle of 
attack. The measured ta i l  contribution,  evaluated as the  difference 

P 



between the  basic and tail-off  configurations, was approximately constant 
with  variations i n  angle of attack fo r  b b c h  nmbers of 2.5 and 3.0. A t  
a Mach number of 3.5, however, the t a i l  contribution at the  higher angles 
of  attack w a s  reduced,  preswnably  because of  interference f ram the  fuselage 
and wbg flow f ie ld  on the upper vertical  t a i l  (ref. 5 ) .  

.. 

The variation of Cnp for the basic  configuration  with Mach number 
and angle of attack was such that at loo angle of  attack  the  static  direc- 
t ional  stabil i ty was becoming maxginal for Mach nmbers  greater than 3.5 
(fig. 9 )  . In fact, i f  the  trend shown in figure 9 f o r  loo angle of attack 
were continued at the higher Mach numbers, the  directional  stability would 
have become zero at a Mach number of approximately 4. 

Effective  dihedral  derivative, C zp. - At zero asgle of attack C 2 B 
for the  basic  configuration was positive at all Mach nmbers as ahoxn in 
figure 8. In the estimations th i s  is accounted for  solely by the  effect 
of negative geometric dihedral in  t he  horizontal tail. The w i n g  had no 
geometric dihedral and the  vertiCd"tsi1 area was symmetrically  disposed 
above  and below the  fuselage  reference axis.  The contribution of the 
wing to C z B  was determined t o  be negligible on the basis of separate 
calculations for the  effect of leading-edge sweq, t ip  effect ,  and 
trailing-edge sweep as indicated in the a;ppenaix. On the  basis of  these 
simplified  calculations, for the  vertical-tail-off  configuration 
should  not have varied  with angle of attack. In  figure 8 it is shown 
that Cz8 became  more negative  with  increasing  angle of attack  for  the 
vertical-tail-off  configuration, and t h i s  may have been due t o  interfer- 
ence f'rom the  fuselage and a resultant  loss of lift on the trailing w i n g  
during sideslip. The reason f o r  the change i n  vertical-tail  contribution 
t o  Cz with  angle of attack w a s  probably a reduction Fn effectiveness 
of the upper vertical  t a i l  at positive  angles of  attack, and the lower 
vertical  tail at negative angles of attack. 

ZP 

e 

The Yawing Derivatives 

Damping in yaw derivatives, C+ - &icos a.- The damping in yaw is  

seen from figure 10 t o  have  been stabilizing  (negative  value of the  deriv- 
ative) and. approx3matel.y constant  with  angle of  attack in the range of 
Mach numbers at which t e s t s  were conducted. The comparison  between the 
estimated and measured values of Gr - -cos a i s  also of considerable 
interest. The agreement  between the  estimated and  measured values for 
the  basic  configuration i s  fairly good.  'However, the estlmated relative 
contributions of the  vertical. t a i l  arrd the wing-body horizontal tail are 
considerably different from the incremental  values obtained from the 
experimental results. 

%e 
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The est-lmated values of  the tail contribution can be  made t o  agree 
more nearly  with  the experimental results i f  a smaller  effective t a i l  
area is  assumed. A comparison of the  data in figure 10 with that in f ig-  
ure 7 indicates that in the  estimation of both the static  directional  sta- 
b i l i t y  and the damp- in yaw,  the tail has been aseumed t o  be more 
effective  than  the experimental data would  indicate. The assumption that 
only the exposed t a i l  area was ef'fective in  producfng damping in y a w  would 
reduce the tail contribution t o  about 60 percent of  the   es thated values 
indicated In figure 10, and would then  agree fa i r ly  w e l l  with  the 
e x p e r f t a l  values of tai l  contribution. 

No such explanation is possible Fn the case of  the data for  the 
verticd-taLl-off  configuration shorn fn figure 10. Since the  contribu- 
tion of the trlng Ehnd horizontal tail can be assumed negligible, the 
e s t b t e d   v d u e s  shown are for the body done,  the  side fairings along 
the  fuselage behg neglected. It appears that  the damping of the 
vertical-tall-aff  configuration was 2 4 2  t o  3 tlmes the est-ted value 
and comprised over 60 percent of the t o t a l  dampfng in yaw at a Mach nun- 
ber of  3.5. This contributlon mzied only slightly with Mach nmber, 
increasing  with  Increasing Mach nmber Fn the range over wkich t e s t s  were 
conducted (fig. 1 2 ) .  

RollLng mmnt  due t o  yawYng  derivative, Cz, - C z ~ c o s  a.- The 

rol l ing moment  due t o  y a a  i s  shown Fn figure l l  t o  have  been nearly 
zero f o r  all Mach numbers wlthin  the accuracy of experimental measure- 
ment.  Theory indicates a slightly negative value of thfs  derivative due 
t o  cathedral. in the  horizontal tail. 

~~ ~~ ~ ~~ 

this configuration was stable (ne-tive d u e s  of the  derivative) &t dl 
Mach numbers and aagles of  attack  xfthin  the range  over which tests w e r e  
conducted (fig. 13). EstFmated values f r o m  reference 6 agree w e l l  with 
the  experimental  data f o r  most conditions. The reason f o r  the  differ- 
ences shown between theory end experiment at a mch number of 3 and f o r  
angles of attack above 8O is not known; the same trend is not  apparent 
in the data for Mach numbers of 2.5 and 3.5. The bka confirm the 
expected slight decrease . i n  damping in  r o l l  w i t h  Fncreasfng Mach nmiber 
in  the range over wbich tes ts  w e r e  conducted (fig. 13) . 

~~ ~~ 

Yawing merit due t o  .rolling derivative, c"p + %sin u.- Values 

of Gp + Gosin a obtained " experim"KUy I . . were  found t o  be predominantly 
negative  (fig. 14). Theory indicates a s~ghtw negative vdue  of this 
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derivative due t o  the  cathedral in  the horizontal tail. The experimental 
scatter,  indicated Fn the data of  figure 14, i s  greater than the differ- 
ences between theory & experiment. 

- 

Results of wind-turmel oscillation  tests on a model of a strai&t- ‘wing, research  sirplaae  configuration in a ras@;e of  Mach numbers from 2.5 
t o  3.5 indicate  the following: 

1. The  model w a s  stat ical ly  stable longitudinally and directiomUy 
through the range of Mach numbers at which tests were conducted. However, 
both longitudinal and directional.  stability were %coming marginal with 
increasing Mach number at an angle of attack of  10 and a Mach  number 
of 3.5. 

2. The rolling moment due t o  sideslip was slightly  positive at 
zero  angle of  attack  but became negative at angles of attack from 60 
t o  loo. 

3. The measured values of dan~fng in pitch were  somewhat higher  than 
values  estimated by methods applicable :at lower Mach numbers. 

4. Measured values of damping i n  y a w  were higher than estimated. 
The Cmcrping in ;yaw with the  vertical tail removed was  approximately 
three times the  estimated  value, and was a very  significant part of  the 
t o t a l  damping, particularly at the higher Mach numbers. 

5. The dmnping in roll, yawlng moment due t o  r o w ,  and rolling 
moment due t o  yawlng.were in agreement with esthated values  within the 
accuracy of measurement. 

Ames Aeronautical  Laboratory 
National Advisory Committee for  Aeronautics 

Moffett Field, C U f . ,  Jan. 14, 19% 
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STABILITY DERIVA!TIVE ESTIMATES 

The equations used and the assumptions made t o  obtain the  calculated 
values of the  stability  derivatives shown in figures 4 through 1.5 &re 
s-ized  below. A l l  calculations were  made for  the body system of axes 
defined i n  figure 1. In the following  equations it is assumed that the 
separate  effects of the  fuselage, wing, horizontal t a i l ,  and vertical  
t a i l  can  be superbposed.. Where possible,  references have been included 
f o r  the  specific eqmtions w h i c h  more completely define o r  justify  the 
ap@icability of the equations. 

Static kngitudinal. Stabili ty Derivative, 

%e  above equation  neglects  the  effects of the  side  fairings along the 
fuselage, and viscous crossflow at angle of attack. 

In equation (3) it is  assumed that the l i f t  of the wing i s  that given by 
the  Ilneaz  theory  (refs. 8 and g ) ,  and that the l i f t  acts at the mid- 
point of the wing mean aerodynamic  chord. 

In equation (4) the same assunptions are made as in equation (3 ) .  Ln 
addAtion, it is assumed that dc/du = 0 behFnd the w b g  (ref. g ) ,  even 
though a part of the induced downwash inside  the WFng t i p  Mach cone 
impinges on the  horizontal tail; % has been assumed equal to 1. 
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Danping Fn Pitch  Derivative, % + % 

In equation ( 6 )  the  effects of the extended fuselage side fairings axe 
neglected as Fn equation (2). 

2 1 

In equation (7) it is assumed that  the damping in pitch of  the w i n g  is  
that given by 
aspect ratio. 

which employs 

the -ear theory for a rectangular WFng having the same 

the same assumptions as in eqmtion (4) . 
Static  Directional  Stability  Derivative, C, P 

where 

as in equation (2). 



The assunptions employed in equation (10) axe similar to those in equ- 
t i o n  (4) . 

Ef'fective D f i e d r a l  Derivative, C 2 
B 

from &z1 asalysis of the results of calculations made for 
related plan forme (ref 8. I and 2) , although the hexagonal 
plsn form of the wing of this report is not specifically 
considered 

Equation (E) w a s  obtained from a spanwise integration of the roUlng  
moments induced by sideslip on the horizontal tdl. With the a s s m i o n  
that (cz,), = 4/3 

Dnmping in Yaw Derivative, onr - k p o s  a 
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Equation (14) follows from equation ( 5 )  by assuming small a for which 
cos a 1. The contribution of the wing was calculated t o  be negllglble 
(refs. 1 and 2). 

The assumptions in 
and the  derivation 

equation (l6) are the sane as 
follows thak of  equation (8). 

R o U n  Moment Due t o  Yawing Derivative, 

those in equation (lo), 

0 

Equation (x)) w a s  obtained f r o m  a spanwise integration of the ro l l i ng  
moments Fnduced by yawing velocity on chordwise strlp elements of the 
horizontal tail. With the  assmptfon that ( ~ b ) ~  = 4/%, equation (20) 
becomes 



3 

Damping fn Roll Derivative, Czp + CZbsFn a 

17 

where Ct,(B,AW,&,hw) i s  obtained. f r o m  the formulas or char t s  of refer- 
ence 6 f o r  the Etpprqpriate Mach number, aspect  ratio, leading-edge sweep, 
and taper ratio. 

Yawing M o m e n t  Due to Rolling Derhative, %+ & f i s h  a 

Equation (24) employs the same &ssump-tions as 

= o  

since Z, = 0. 

eqwttfon (EL) . 

(ref. 13) 



Equation (28) is obtained from a spanwise integration of the y a w i n g  
moments Fnauced by ro l l ing  velocity on chordwise strip elements of the 
horizontal tail. With the a s s u q t l o n  that (c -=  4/B, 
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TABIX I . . GEOMFZRIC -ISTICS OF MODm 

. 

wing (chord plane on body center D e )  Esrposea T o t a l  
Aspectratio.& . . . . . . . . . . . . . . . . .  2.150 2.500 
Taper ratio. hw . . . . . . . . . . . . . . . . .  0.211 0 . m  
Leading-edge sweep m e .  Aw. deg . . . . . . . .  36.75 
Dihedral  angle. deg . . . . . . . . . . . . . . .  0 
Incidence angle. deg . . . . . . . . . . . . . . .  0 
Twist. deg . . . . . . . . . . . . . . . . . . . .  0 
Airfoil  section . . . . . . . . . . . . . . .  mACA 66005 (&fled) 

I-percent  blunt trailing edge 
Thickness ratio.  percent . . . . . . . . . . . .  5 
Area. Sw. sq ft . . . . . . . . . . . . . . . . .  0.851 1.620 Span.%. ft . . . . . . . . . . . . . . . . . . .  1.352 2.01 
&an aercdynamic chord. ft; . . . . . . . . . . . .  0.6% 0.924 

Aspect ratio. & . . . . . . . . . . . . . . . . .  2.39 2.92 
Taper ra t io .  . . . . . . . . . . . . . . . . .  0.2gg 0.206 
Leading-edge sweep angle. 4. deg . . . . . . . .  50.58 
Dihedral  angle. deg . . . . . . . . . . . . . . .  -150 
Lncidence angle. 6~. deg . . . . . . . . . . . . .  -45 to +15 
Twist. deg . . . . . . . . . . . . . . . . . . . .  0 
Airfoil  section . . . . . . . . . . . . . . .  NACA 66005 (modified) 

1-percent  blunt trailing edge 
Thickness ratio. percent . . . . . . . . . . . . .  5 

Horizontal tail 

Area.%. s q f t  . . . . . . . . . . . . . . . . .  0.403 0 . m  
span.bH.f%. . . . . . . . . . . . . . . . . . .  0.g82 1.620 
Mean aerodynamic chord. % ft . . . . . . . . . .  0.444 0.635 
Length  (0.25 Ew t o  0.50 %$. 2 ~ .  f t  . . . . . . .  1.398 1.234 
*wise location of EH (from pkne of symmetry). 

Height (Q below wfng chord plane) . . . . . . .  -0.028 -0.030 

Aspect ratio.  & . . . . . . . . . . . . . . . . .  1.U. 1.298 
Tager ratio. hv . . . . . . . . . . . . . . . . .  0.7'78 0.696 
Leadbg-edge sweep angle. deg . . . . . . . . . .  28.9 
Airfoil  section . . . . . . . . . . . . . . . . .  U.5O double wedge 
Thiclmess ratio.  percent . . . . . . . . . . . . .  1l .1 
Area.% . . . . . . . . . . . . . . . . . . . . .  0.647 1c69 

Mean aerodynamic chord. f't . . . . . . . . . . . .  0.857 0 915 
Length (0.25 & t o  0.50 &). ZTJ. f 't  . . . . . . .  1.20 1.23 

p. f't . . . . . . . . . . . . . . . . . . . . .  0.318 

Vertical tail (symmetrical about w i n g  chord plane) 

span.% . . . . . . . . . . . . . . . . . . . . .  0.844 1.178 
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TABU3 I. - GMlMFPRIC CHARACTERISTICS OF MODEL - Concluded 

Extended fuselage- Extended fuse.&ge 
side fairings side fdrings 

F'uselage . .  ... not  included - included 
Fheness ra t io  . . . . . . . . . . .  10.5 9.4 
Length , f t .  . . . . . . . . . .  4.425 4.425 
Volume, cu ft . . . . . . . . .  0 525 0.625 
Base mea, sq ftt . . . . . . . .  0.101 0.161 
Frontal a r e a .  . . . . . . . . .  0 1-39 0 173 

1 h e )  
Longitudinal location 

. ,  

Moment reference (on body center 

Af ' t  of  leading edge of E . . 0.25~ 
Aft of nose, ft . . . . . . .  2 . 6 ~  

. 
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X 

Figure 1. - The body system of axes. Arrows indicate  positfve  directions 
of moments, forces, and asgles. This system of axes is defined as an 
orthogonaL  system having the  origin at the moment reference  point and 
in which the x a x i s  is parallel  to  the  longitudinal. axis of the 
body, the z axis is  in  the plane of symmetry and perpendicular t o  
the x axis, and the y axis is perpendicular t o  the plane of symmetry. 
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(a) fiont-quarter view. A-22162 
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(b) Rear-quaster view. A-22163 

Figure 3.- Photographs of the model in the 8- by 7-foot test  section of 
the Ames unitary plan w h d  tunnel. 
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igure 5.- The variation of the dmping i n  pitch derivative  with angle of attack f o r  the basic 
configuration. 
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Figure 6.- The variation  with  Mach number of the  static and dynamic * 
longitudimd stability  derivatives  at two angles of attack f o r  the 
basic  configuration. 
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Figure 7.- The vmiation of the  static  dlrectiond-  stabil i ty  derivative with angle of attack f o r  
the 'basic configuration and the  configuration with the vertical. tail rmved; E -5'. 
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Figure 9. - The variation- - w i t h  &ch nu;lllber of the  statfc  directional 
stability  derivative, %, and the  effective  dihedral  derivative, 
C fo r  the  basic  configuration and the configuration wTth the 
vertical  tai l  removed at angles of attack of  Oo and IOo; 8~ = -5'. 2$' 



Figure 10.- The variation of the damp* in yaw derivative f o r  the bash configuration and the 
configpratlon with the v e r t i c a l  tail removed; S, = -5'. 
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Figure 12. - The variation with I&& number of the damping in y a w  deriva- 
t ive and the  rolling moment due to  ;yawing derivative  for  the  basic 
configuration asd the  configuration with the vertical  tail removed; 

c 

@J = -50. 
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Figure 15.- The variation with Mach number of the dsqing in roll deriva- 
t ive and the y a w i n g  mcanent due t o  ro77fnp derivative for  the basic 
configuration and the configuration with the  vertical tail removed; s, = -5O. 


