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TEE ROILING STABILiTY DERIVATIVBS OF A 

By Willian C. Sleemn, Jr., and Albert G. Few, Jr. 

An icvestigation was conkucted i n   t h e  Lzzgley  high-speed 7- 
by 10-foot  tunnel t c  determine the   ro l l i rg   s tab i l i ty   der iva t ives  of a 
coqle te   aode l  acd i ts  coeonents  over a Mac41 nuder   rarge  f rox 0.60 
t o  0.92 end  an  angle-of-attack  range Tram Oo t o  a mxi3um or' approxi- 
metely 13' f o r  tlle  lower Mach nxnbers. Tne aspect-ratio-3  cligped-delta 
wiog of the model was svept  back 45O at  -Lhe leading edge  and had NACA 
65~006 a i r ~ o i l  sect ions  paral le l   to  the free strean. The de l t a   p lm-  
form horizontal t a i l  w a s  swept back 45' &.t the  leading edge and vas 
located a t  the t i p  of a sweptback ver t ica l  te i l  approxhately 65 percent 
of the wLng senispan above the  wing-chord plane. 

Positive w i n g   i n  roll was indicated Tor the model throcghudt  the 
t e s t  ?&ch mmiber an&  angle-of-atteck  raoge,  a1though  significant  losses 
i n  dazzing  occurre& in going  frorr  moderate t o  high  angles of attack. 
Addition of the t a i l  scrfaces  to  the wing-fuselage  configuration had 
l i - i t l e  cvera.ll effect  on the *sing i n  r o l l  end gave negative  incre-nents 
of yexing  nonent due t c  rol l tng tkrroughout the  test  angle-of-attack  renge 
above approxbately bo. E s t d t e s  of the  rol l ing  s tabi l i ty   der ivat ives  
of t he   coq le t e  Eodel a% M = 0.85 indiczted Khat these  derivztives 
could be es-l-ted w i t h  f a i r l y  good accuracy  by use of existicg 
procedures. 

bling-fuselage &azqing-in-roll characterist ics at l i f t i n g  conciFtions 
fo r  the  aspect-retio-3  clipped-delta-wing rriodel were s l i gh t ly   be t t e r  
than  those  for  the  parect  aspect-ratio-4  delta-ving  nodel  throughout 
the t e s t  range of bkch nuriber and zngle of attack. 
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Wir_d-tunnel resu l t s  a t  high  subsonic  speeds  pertaining t o   r o l l i r 4 -  
s tabi l i ty   der ivat ives   for   l i f t ing  condi t ions have been  obtained  for a 
f a i r l y  wide range of wing plan forms (refs .  1 t o  3 ) .  These derivatives 
were obtained on nodel  configurations  without t a i l  surfaces and more 
experimen-bal daka  have been needed to   indicate   the  appl icabi l i ty  of 
existing procedures  based on 10%-speed results for  estimating  the t a i l  
contribation  to  roll ing-stabil i ty  derivatives.  The p resen t   t e s t   r e sd t s  
were obtained as par t  of a research program t o  determine the  longitudinal, 
lateral?, una rol l ing-stabi l i ty   character is t ics   of  a general  research 
model. Results present ing  the  s ta t ic   longi tudinal   s tabi l i ty  of the Eodel 
are given in  reference 4. The clipped-delta w i n g  of  the moael was of 
aspect   ra t io  3,  taper   ra t io  0.143, and had NACA 65AOO6 airfoi l   sect ions.  
The leading edge of  the wing and of the  del ta  plan-form hor izonta l   t a i l  
were swep-c back L.5O and the  horizontal tai l  was located at t h e   t i p  of 
a swept ver t ica l  t a i l  approximately  65-percent wing semispan above the 
wing chord  plane. The model was tes ted   in   the  Langley  high-speed 7- 
by l0-I"oot tunnel  over a Mach  nuuiber range from 0.60 t o  0.92 aad  an 
angle-of-attack  range from Oo t o  a maximum of approximately 1 3 O .  

In  addition t o  tests of the  complete model,  breakdown tests were 
made in   o rder   to  determine the  contribution of the tai l  surfaces  to  the 
roll ing  derivatives of the model with and without  the wing. T e s t  resul ts  
for other models having both swept and unswept wings, whlch show contri- 
butions of the model cozponents in   addi t ion  to   the complete model rol l ing 
derivatives, are presented i n  references 5 and 6. 

The results of this   invest igat ion are presented a s  standard NACA 
coefficients  of  forces and moments re fer red ' to   the   s tab i l i ty  system of 
axes shown in   f igure  1. Moment coefficients are given  with  respect t o  
the  moment re2erence  location shown i n  figure 2 (25-percent mean aero- 
dynmic chord on the  fuselage  center  line). 

CL lift coefficient, - L i f t  
ss 
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yawing-monellt  coefficient, Yawizg nment 
s s  

9 dynanic  pressure, - 2 

P 

v 

I3 

gb/2V 

I M 

a 

S 

b 

E 

air  delzsity, slugs/cu ft 

free-stream  velocity,  ft/sec 

rolling  angular  velocity,  radians/sec 

wing-tip  helix  angle, radiam 

free-stream Mach nuriber 

angle of &tack,  deg 

wing  area, sq Tt 

wing span, ft 

wing  nean  aerodynamic  chord, ft 

horizontal  tail  mean  aerodynmic  chord,  ft 

- vertical  tail  mea2  aerodynamic  chord, fi (based on area 
above  root  chord shoTm in  rig. 2) 



4 

Cor;,figcration  designations: 

w wing 

F :Piselage 
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v ver t ical  t a i l  

H horizor,tai ta i l  

KODEL Am APPAWnUS 

A &caving of the model with  gertineni,  gemetric  cha-acteristics is 
given as f igme  2 and Cietails of the  Pcselege  geonetry are giver, i n  
rigure - 3.  The nodel wing was of aspect  ratio 3, taper   ra t io  0.143, and 
had a leading-edge sweeg angle of k5'. The  wing airfoil   sectio_r was 
NACA 65A006 parallel   to  the  free-stresq  direction. The aspect-ratio-& 
del ta  plar,-folm horizonkal t a i l  had 45 leadlng-edge sweep and was 
iocated at the tis of the  ver t icd.  t a i i  approxixztely 65 percent of the 
:;ing senispen above the wing chord  plane. The ver t ica l  t a L l  w a s  swept 
back 28O az the  quarter-chord  line. Other de ta i l s  of  the Eodel  geoxetry 
a re  giyel? in   t ab l e  I. Both the  horizontal and ver t ical  tails had NACA 
63~906 airi'oil  sections and wsre constructed of fiberglas w-6 plastic,  
reinforced  with a steel   spar.  The wing was constrncted cf 2021;-T (for- 
xerly 2bS-y') altirnic7m- cloy. 

0 

The xodel w a s  tes ted under conditions of s team  rol l ing on the 
forced-roll  stizg  supgort slloxn schematically  in  figure 4. For these 
t e s t s ,  the nodel  vas mounteii on a six-colriponent internal  strain-gage  bal- 
ance &cd was rotated  about  the X-axis of the  stabil i ty  axes.   Electrical  
signals from the  strain-gage  balacce  vere  transmitted to   the  data-  
recording  equipner-t  by means of wire leads, s l ip  rings, and brushes 
( f ig .  4). The mo&el ar@e of attack was changed by  use of various off-  
set   st ing  adapters  (f ig.  &)  -,hi& were designed t o  allow the   mdel  t o  
rotate  about  the rianent reTerence  center at e&ch angle of attack. Fur- 
ther   de ta i l s  of %he forced-roll   testing  techique can be found i n  ref- 
erence 5 .  



c 
conditi-on only. For nost of the tests,   four  posit ive md fou_r negative 
values of pb/2V were obtained at each Mcch rider m d  angle of attack. 

helix  angle pb/2V and mean t e s t  Reynolds n&er  based on the wing neam 
aerodynmxic  chord are  preseEted  in fi,cure 5. 

1 The variation with Mach rider of the maxinum test value of wing-tip 

Corrections.-  Jet-boundary  correctiors t o  the aagle of attack were 
detemined.fron  the usual static  corrections  presented'in  reference 7. 
Blockege corrections  applied  to  the  Ikch nmiber  and aynamic pressure 
were detemined from reTerence 8. The model angle of attack has also 
been  correcteii for deflection of the  nodel and supgort  systen?  under 
load. 

The deflections of the sGpport systez  m&er  load cozbined with any 
i n i t i a l  displacement of the mass center of grEvi-ly of the model frm the 
r o l l  axis introduced  centrifugal  forces and noments when the model w a s  
rotated.  Corrections for these Torces acd moments have been  applied t o  
the data. 

I 

Corrections  for  jet-boundary  effects on rotary  derivatives were not 
applied inasmuch as these  correction-s  hcve  been fow-d t o  be  negligrble 

dk-tortion and s t ing support tares have not  been  applied t o  the  data; 
however, these  corrections  are  believed t o  be small. 

= for  rrodels cmparsbie  in  size to the  present model. Corrections for w5ng 

Resd t s .  - The basic   resul ts  of t h i s  investigation were obtained as 
variations or" forces Bad monents w i t h  wing-tip  helix  angle; ineszmch as 
these  variations were l inear  in nos% cases, only the  derivatives  are 
presented  herein. For convenience,  soze or" t h e   s t a t i c - l i f t  curves 
obtained frm reference 4 are  given  in  figure 6. 

Test results  presenting the rollir?g-stabilLty  derivatives of the 
complete m d e l  a d  & i s 0  showing effects  of the aiidi-iion of t h e   v e r t i c a  
ta i l  a d  the horizontal t a i l  are given in figure 7. Rotary derivztives 
obtahed w i t h  the w i E g  removed, which show effects  of the horizontal 
ta i l ,   a re   p resec ted   in  I"igure 8. 3olling  Cerivatives  for  the  present 
clipped-delta  xing-fuselage  configurstion at M = 0.85 are compared i n  
figure 9 vi%h  those of the  aspect-rztio-4  delta wing from which the  pres- 
ent wicg w a s  derived.  Additiond comprisons between results for  the 
cli2ped-Cielta w i p z  and  parellt del ta  wicg are  given in  figures 10 and U. 
A cozpm-ison of experhe-n-tal m d  estimrted ro2lLcg derivatives through 
the  angle-of-attack range a t  E.1 = 0.85 for the wing-fuselage con_+igura- 
tion, the t a i l  contribution, a d  the complete model is presented i n  f ig-  
ures 12 t o  15. 
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DISCUSSIOIT 

Fxperimental  Derivatives 
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Dm-ping ilz rol l . -  The experinental damping i n   r o l l  obtained Tor all 
the wing-on configurations  tested  (fig. 7) indicated shi lar  treEds  with 
angle of attack  for  the  test   rmge of Bbch nuv3er. The damping-in-roll 
derivative C increase6 as the  angle of attack  increased from Oo t o  

approxinately 30 and theE  decreased  apprecisbly as the  highest test 
angle of attack was approached. No outstanding  differences  in damping 
i n  roll were apparent as a resu l t  of addition  of  the ta i l  surfaces 
although  addition of each of the ta i l  surfaces  increased  the damping 
s0Ee-xha-L at the lower angles of attack. 

2P 

Efl"ec5s of clipping  the  t ips of an aspect-ratio-&  delta wing 
( re f .  2) to  the  aspect-ratio-3 wing of the  present  iavestigation  are 
shown i n  I"igure 9 for   the  wing-Ixselage  configuration at LMach  nullllrber 0.85. I 

There was not .mch difference  in  the danping i n   r o l l  at Oo angle of 
attack  for  the  clipped-delta and basic-delta wing;  however, the  increase 
in  damping a t  l o w  angles of attack  for  the  clipped delta w a s  not  evident D 

for  the  aspect-ratio-& delta wing. Above an  angle of attack of approxi- 
m t e l y  bo, the  variation of damping vith  angle  of  attack was about  the 
sme  fop the two wings; however, the  clipped  delta  provided more  damping 
throughout most of the  angle-of-attack  range  tested. 

The aforenentioned  losses  in damping at l i f t i n g  cond5tions for   the  
aspect-ratio-4  delta wing and the  present ving are re l a t ed   t o  lift coef- 
f ic ien t  acd Ilacl.1  nulTiber in   f igure 10. The sol id  and  dashed  Lines i n  
figure 10 indicate conibinations of l i f t  coefficient and Mach  number f o r  
uhich the  dmping  in r o l l  f o r   l i f t h g  conditions  has  decreased to one- 
ha l f   the   in i t ia l  damping value at zero l i f t .  The dotted  l ine  indicates 
the m a x i n u ?  l i f t  coefficients and ccrresponding Mach nmibers  obtained 
Tn the  present  tests. A comparison of resu l t s  for the  aspect-ratio-& 
delta wing and the  aspect-ratio-3  clipped-delta wing indicates that the 
clipped-delta wing configuration  attained l i f t  coefficients  about 
12 percent higher than  the  aspect-ratio-4  delta wing for the damping t o  
decrease t o  one-half the  zero l ix% value. Inasmuch as the danping values 
a t  zero l i f t  were not appreciably  different for the two wings, it would 
appear tha% the hyping-in-roll  characteristics of the  clipped-delta 
wing ::ere s i lght ly   bet ter   than the parent  aqect-ratio-4  delta wing l o r  
Xaach numbers  ur, t o  M = 0.90- 

YavTng  moment  and! la teral   force dxe to   rol l ing.-  The yawing moment 
due t o  the  rolling  derivative for   the complete-nodel  configuration 

(f ig .  7) :.;as positive for angles of attack up to   approxhately Lo; above 
cnp 
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- 
t h i s  angle,  negs-live  values of C occurred which increased  with 

increasing  angle of attack. A comparison of the  tai l-on and ta i l -off  
curves of f igure 7 shows that the ta i l  contribution t o  C for the 

cmplete model was negative a% m-gles oI" attack above spproxinately bo, 
whereas addition of the t a i l  surfaces t o   t h e  wing-off configuration 
(f ig .  8) gave positive  increments of for angles of attack up 

t o  12O (assuming negligible  values of rolling  derivatives  for  the  fuse- 
lage  alone). This drfference in  tail contribu-lion  with and without  the 
wing i s  due to   t he   e f f ec t  of wing sidevash due -Lo r o l l  which i s  d i s -  
cussed in  reference 9 .  

"rJ 
- 

?e 

cao 

The lateral-force  derivative for   the complete model was pos- 
%P 

i t i v e  throughout  the test mgle-of-attack  range above about 2O. Results 
for the  wing-fuselage  configxation  indicete  rather  large negative values 
of at the  highest,  test  angle of attack,  particularly a t  M = 0.60 
m d  M = 0.90 (Tig. 7). Based 03 past  exgerience,  these  lerge  negative 
vzlues of were not expecked a.nd from a comparison wi%h the  aspect- 

ratio-4 del ta  wing of refereoce 2, f o r  which o d y  quite small values 
of "Yp were obtained a t  high  angles of attack. (See 9ig. 9 . )  The 

experimental results of reference 10 indicate, however, that the roll i l lg 
derivative Cy can be  appreciably  influenced by fuselage s i z e  for  a 

=id-wing  arrangement having a 60' delta 'NTing. Inas-much as differect  
fuselages were used for  the  aspect-ratio-4  delta wing and the  present 
clipped-delta wing, sone of the  discrepancy  in C y  shown in figure 9 

could  be  associated  with  effects of the  fuselage dif" lerences . 

rn P 

"YP - 

P 

P 

Es-iima-Led Derivatives 

Wing fuselage.- A cozzparison of the  estimated and e q e r w e n t a l  
variation of damping i n  r o l l  with LWch n&er f o r  the  zero-lif t  condi- 
t ion i s  presented  in  figure 11. Estimated  values were obtained f r m  
reference 11 using  the  indicated  plan-fom  transfornation t o  -account 
for  compressibility  effects. The agreement  between  experfmental  and 
e s t k a t e d  damping i n  ro l l  at zero l i f t  was not  quite  as good as would 
be  expected from past  experience and was considerably less than would be 
expected from the  excellent agreement shown between e s t d t e s  and  exper- 
hent   for   the  aspect-ratro-4  del ta  wing ( f ig .  II). The close agreemenk 
of experimental  results at zero lift for  the  aspect-ratio-4  delta wing 
and the  aspect-ratio-3  clipped-del%a wing appears  reasonable inasmuch as 
the  re la t ive area reaoved in  clipping  the  t ips of the de l ta  wing was 

- 
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very s d 1 .  This  agreerrezt for   the two wings w a s  a l so  icdicated at 
lcw  speed for  the wing-alom  configurztion. (See ref.  12. ) 

A copparison of experixenbal ar,d estimated  rolling  stability  deriv- 
a t ives  tkrough t'ne t e s t  angle-of-zt+,ack rznge for a Mach rider of 0.85 
is  given in   f igure 12. E s t h t e d  damping i n  roll was obtained by cor- 
recting the zero-lift  value from reference 11 in  accordance  with  the 
effects of angle of attack as incicated. ir- reference 13, using s t a t i c  
l if t-curve  slope  ratios and drag data  fron  reference 4. The predicted 
trends with angle of a t tack  are   in  feirly good! agrement  with  experiaental 
mends  althoagh  the  experimental changes with  angle of attack were nruch 
m r e  pronoxnced than  the  estimated changes. The ZgreeIneat between values 
zf %he &%ping as estixated and obtaiced  experimentally was only fair  and 
was approxL-m.tely the sane as the agreement shorn in  reference 2 for the 
sspect-ratlo-4  delta wing when wing liI ' t-slope  ratios were used in   t he  
est . imtes.  As pointed out in  reference 2, the  use of  wing-root  bending- 
mornent slopes  rather  than l i f t  slopes to   accout   for   nonpotent ia l   effects  
vould be expected t o  give more accurate  estimates of C f o r  lifting 

conditions. 
2P 

Estinated  values of yawing xoEent due to rol l ing are compared with 
experinental   resfi ts  iz figure 12. The e s t i m t e s  were obtained  by 
applying  the  nethod  outlined FE reference 1 i n  which the  potential-flow 
value determined frczn?. reference 11 was corrected for NBch  num6er effects  
by  r;sing the  relationships of reference lk, and for  ronpotential  es"fects 
by  using  experinental l i f t  and  drag data of reference k and  est-ted C . 
Estimates of C, for   the wing-fuselage  configmation are i n  good agree- 

xent  with  experhent up t o  about 8' angle of attack. A t  higher  angles of 

2P 

P 

attack  the  negative  values of Cp iDdicated by experiment did no$ appeaz 
P 

i n   t he   e s t imtes .  The differences between estinated  md  experimental 
values of C were probably  not due t o  the use of theoretical   rather 

than  experixental  values of C tm CL because when experimental 
r"p 

2, 
C ten a was used, the C estimates deviated only sl ight iy  fro= those 

2P n-.s 
shz-m in  f igure 12. It is possible that a fuselage  effect,  not  accomted 
fo r   i n  ti"e estima-bes, could  came  the  experbental  results  to  differ from 
estixated C . The lateral-force  derivative was estimated by the 

method given in  reference 2 x i n g  valzes  obtained f'rm references 1 4  and 15. 
The valzea and trends with angle of st tack sho-m by the   es t i -a ted  results 
a re  In good agreexent  with  experinent zg t o  =bout go angle of attack. In 
the  higher  mgle-of-attack range, emerimental  valses  increased co?-i_sid- 
erably i~ the  negative  direc5ion as observe6  previously, whereas the 
est3mtes  showed slightly  decreasing  values. 

nP "YP 
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T a i l  contribution.-  Estinates or" the  t a i l  cqntributior?. t o   t h e  

roll ing-stabil i ty  derivatives or̂  the nodel are  coxpared  with  experi- 

by  use of the procedure  outlined i n  reference 16 an-d usir~g kine wicg 
sidewash es tk i - ies  ol" reference 9 .  LFft-cu_rve slopes  for  tne  vertical  
ta i l  in   the   pesence  of the  'norizonta t a i l  thzough the  sngle-of-attack 
range were obtained Trom unpublished  static-force &-La. 

1 =ental   results i n  figure 13 for 0.85 Mach n - d e r .  Estimztes were mde 

The m d l  exserhental  coatribution ol" the tail surfaces t o  C 
zP 

with  the wing  on was cowarable io magnitude t o  other  com"igu?~tions 
(refs .  5 and 6 )  and could be   e s t imted  w i t h  reasondole  accuracy. The 
t a i l  contribution  to C would be expected t o  be slnall became the 

rotating flow f i e l d  behind  the wing -would reduce  even fur ther   the rela- 
bively small d i rec t  h p i n g  contributior- of the  horizontal tail,  m d  
any vertical-tail   contribution at Oo angle of attack would diminish- as 
the  ioad  ceoter of the  ver t ical  tail approached the rolling-mment  ref- 

IP 

L 

- erence  axis at the  higher  angles. 

Tne estir:ated  contribution of the  t a i l  surfaces t o  tine  yaT!ing- 
i. moment derfvetive  for  the uing-on configuration  (fig. 13) W E S  i n   f a i r l y  

good agreexent  uitin  .experinen%  throughout the test zngle-of-attack 
range; however, for   the wing-off configuration, good agreeaeat  with 
experinent was not  obtainea  particulwly at lov  m@;les or" attack. Causes 
for  the  differences between estirmtes End experiment for   the  wing-off 
configuration at low angles or" attack  are  not  apparent; however, these 
differences  are  consisterh  with  the  lateral-force  derivatives which were 
also  anderestimated at the  lowest  angles  bct were i n  good agreenent at 
noderate and high  angles. The fa i r ly   large  eTfect  of wir-g sidewash OT? 
the teil contribution t o  both yawir?g  moEent and l a t e r a  force ace t o  r o l l  
i s  i rdicated  in   both %he estimates and  experimental results of f igure 13. 
Estirated wing sidewash ef fec ts  were somewhat less  than  those  obtained 
exgerimentally. 

There was a rather  large  difference i n  experimental  and  estimated 
ta i l  contribution  to for the  wing-on configuration a t  high  angles 

of attack, aad part  of this  difference m y  be  associated -with the  pre- 
viously mentioned large  negative experimen-ial valires obtai_n-ed for the 
tail-off  configuration. 

%P - 

Inaszdch as the  estLmted  horizontal-tail  contribution  to  the  rolling 
derivatives  vas  very small, only  the  experLxental  contribution is pre- 
serkd i n  f i g n e  14.  Experimental  increments in  the  roll ing  deriva-lives 
clue to  zddition of the  horizontzl t a i l  generally  affected  the test resu l t s  
i n  a Tamer tkt w o u l d  be expected from an  increase  in  the  vertical-tail  
l if t ing  effectiveness.  
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Conpiete no5eL.- A coxparison of estimzted and experimental  rolling- 
stabili5y  eerivatives Tor the corrplete model a t  0.85 Xach = h e r  i s  pre- 
sented  in  figure 15. Tne general  overall agreement  between estinates 
and  experiment w a s  f a i r ly  good tlwoughout the test  engle-of-attack  rarge. 
Estirates of The  -ping i n   r o l l  showed a snaller  variation  with  angle of 
a t t ack   t hm exgerinent &s wes indicated  for  the  wing-fuselage  config- 
uration.  EatiGates  of  the  other  roiling  derivatives C &d Cy 

”p P 
were in good agreexent  with  experiment st low and moderate  angles of 
ettack;  hmever, a t  the higher angies,  the  nagnitude of the  estimated 
values was somewhat srmlier than Tor the  experimental  values. 

A coqjarison of estimated  and  experinental  rolling-stability  deriv- 
a t ives  for Yne ta i l -off  and complete-model configurations  (figs. 12 
and i5)  wo-dd indicate  (with  the  possible  exception of a t  high 

angles cf a.ttacK)  th&%  the same general  discrepancies  occur  for  both 
configdra-iicns. It would apgear,  therefore,  that a large  part of the 
disagreement between  experiment and estimates for the complete model can 
be a%tribl;ted to  estimates for the wing-IXselage configuration  rather 
than to  estirmtes of the t a i l  contribution. Even though  sone differ-  
ences betweell estiriated and experinental teii contribution were indicated, 
it is believed  that +,he dlfferences were not  an  appreciable part of the 
differences shorm for  the complete model. 

“Yp 

CONCLUSIONS 

An iovestigation at hTgh subsonic  speeds of the  rol l ing  s tabi l i ty  
derivatives of a cocrplete general  research model having a,n aspect- 
ratio-3  cliFped-delta wing and. a high horizontal t a i l  indicated  the 
following  conclusions : 

1. Positive Clanping i n  roll w a s  indicated for  the model throughout 
the   t zs t  Mach nuriber and angle-of-attack  range,  although  significant 
losses   in  damping occurred i n  going from mderate  to  high  angles or” 
attack. 

2. Addition of the ta i l  surfaces t o   t h e  wing-fuselage  configuration 
had l i t t l e  overall  effect on the danping i n  roll and  gave negative  incre- 
ments of yatling nomerit dge t o  roll throughout the test angle-of-attack 
range above asproximately 4O. 

3.  Estimates made at X = 0.85 indicated that the ro l l ing   s tzb i l i ty  
derivatives of the complete model could be e s tha t ed   w i th   f a i r ly  good 
accuracy by use of existing proceclures. 



4. Wing-fuselage  damping-in-roll  chzracteristics Tor the aspec-l- 
ratio-3  clipped-delta wing nodel vere sllghtly better than  the parent 
espect-ratio-&  delta-wicg  model throughmut the test Each number raqge 
zr?d angle of attack. 

Langley  Aeronautical  Laboratory, 
National  AGvisory Cowittee for Aeromuutics, 

Langley  Field, VEL., N o v d e r  3, 1955. 
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TABIS I 

PRINCIPAL GEO?aTRIC CHARACmISTICS OF TEE MODEL 

EHng : 
span. ft . . . . . . . . .  
Root chord. . . . . . . . .  
Tip  chord. f t  . . . . . .  
Xean aeroQmamic chord. 
Area. .. T t  . . . . . . .  
Aspect r a t i o  . . . . . . .  
Tager ratio . . . . . . .  
Qmrter-chord sweep. deg . 
ALrfoi i  section . . . . . .  

. . . . . . . . . . . . . . . . . . .  2.572 . . . . . . . . . . . . . . . . . . .  1.500 . . . . . . . . . . . . . . . . . . .  0.u4 . . . . . . . . . . . . . . . . . . .  1.018 . . . . . . . . . . . . . . . . . . .  2.20 . . . . . . . . . . . . . . . . . . .  3.00 . . . . . . . . . . . . . . . . . . .  0.143 . . . . . . . . . . . . . . . . . . .  36.85 . . . . . . . . . . . . . . . . .  NACA 65~006 

Eorizontal ta i l :  
Span. ft  . . . . . . . . . . . . . . . . . . . . . . . . .  
Rootchord.f t  . . . . . . . . . . . . . . . . . . . . . .  
E p  chorc. I"t . . . . . . . . . . . . . . . . . . . . . .  
Mesn aerodyrmn5c chord. ft . . . . . . . . . . . . . . . .  
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . .  
Asgectrat io  . . . . . . . . . . . . . . . . . . . . . . .  
Qmrter-chord sweep. deg . . . . . . . . . . . . . . . . .  
Airfoil section . . . . . . . . . . . . . . . . . . . . .  
T q e r  r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  

Vertical  tacl  : 
Ssan  (neasured from root chord). f t  
Root chorcZ (loczted 0.154 foot above 

line). ft . . . . . . . . . . . .  
Tip  chord. ft . . . . . . . . . . .  
I.ka?z aeroclynamic chord. ft . . . . .  
Area. sq f t  . . . . . . . . . . . .  
Aspect r a t io  . . . . . . . . . . . .  
Taper rakio . . . . . . . . . . . .  
Airfo21 sectior . . . . . . . . . .  G;uarter-&ord sweep. deg . . . . . .  

. . . . . . . .  
fuselage center . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . .  

. . .  

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

L 

. . .  1.162 . . .  0.581 

. . .  0.388 . . 0.337 . . .  4.00 

. . .  36.85 

. . .  0 

. . .  0 

NACA 65AO06 

. . .  0.683 

. . .  0.912 . . .  0.420 . . .  0.696 . . .  o.r;5L . . .  1.02 . . .  0.46 . . .  28.00 
NACA 65AO06 
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Figure 1.- Stab i l i t y  system of axes  used sho-wing posrtive  directions of 
forces, moments, angles, and velocit ies.  
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Figure 2.- General mrangernent 03 the coniplete model tested  in  the Langley 
high-speed 7- by 10-foot tunnel. All dimemions ere i n  inches. 
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Figure 3 . -  Geometric chaacteristics of the nodel fuselage. All 
d5mensions w e  in inches. 
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Figure 4.- General mangement of the forced-roll support system. 

I # 

"_ . - 

"" " 



NACA R4 L55KI-l 

5 

4 

3 

2 

.5 .6 .7 .8 .9 
Much number, M 

1.0 

Figure 5.- Variation  with Mxh number of max- test   vslues of pb/2V 
and mean %est Remolds nnzber based on the wing mean aerodynamic chor 
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Figure 6. - Varid ion  of lift coeff  icieni; with mgle of attack obtained 
froE reference 4. 
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0 2 4  6 8 /U 1.2 /4 
Angle o f  uffuck,a, deg 

Figure 7.- Vaxiation of rolling  stzibility  derivatives with angle of 
attack Tor the  conplete  nodel, showing effects of the tail surfeces. 
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Fi,r;ure 7. - Continues. 
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Figuxe 7.- Continued. 
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Figme 7.  - Concluded. 
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Figure 8.- Variation of roll ing  stabil i ty derivatives with angle of 
attack Tor the model without the wing,  showing effects of the 
horizontal tai l .  
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"- A=4 Deltu  (reference 21 
___o___ A = 3 C/ipped deltu 

Wf M = 0.85 

0 2 4  6 8 10 1.2' /4 /6 
Angle of attack, ~,deg 

Figure 9 . -  Conpaxison of the ro l l ing  stabil i ty  derivatives  for  the  aspect-  
ratio-3  clipped-delta wing w i t h  those fo r  an aspect-ratio-4 delta  wing. 
Wing-fuselage co&iguration; M = 0.e. 
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Figure 10.- Coll?binatior?s of l i f t  coefficie-n-t arid Mach rumber for which 
the aanping i n  r o n  2or l if t ing  conditions has &ecreasea t o  one-haLf 
the awing  value at zero l i f t .  
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Figure 11.- Comparison of estimated and experimental d w i n g  i n  roll at 
zero l i f t  for the  aspect-ratio-3  clipped-delta model  and the aspect- 
ratio-& delta wing model; wing-fuselage  configuration. 
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Figure 12.- Compaxison of estimated and experimental rol l ing stability 
derivatives through  the angle-of-aktack range for the wing-fuselage 
configuration; EI = 0.85. 
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Figure 13.- Estinlated and emerimental tail contri'intion t o  rolling 
stability derivatives; 2.1 = 0.85. 
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- Figure 14.- Effect of the  horizontal tail on rolling stability derivatives 
as  determined. from experiment j M = 0.85. 
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Figure 15.- Cornpaxison of es t i~mted  and -erixental rolling s teb i l i ty  
derivatiyes for the  conqlete-Eodel conf iwa t ion ;  $1 = 0.85. . 
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