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STATIC STABILITY CHARACTERISTICS OF A CPMBWED-DELTA-WIXG 

MODEL AT HIGH  SUBSONIC SPEDS 

EY Williem C. Moseley, Jr. 

An investigation a t  high subsonic  speeds w a s  mde   in   the  Langley 
high-speed 7- by 10-foot t m e l  t o  determine the s tE t i c   s t ab i l i t y  
characterist ics of a cambered-delta-wing model with wing dihedral  angles 
of 20' and 50'. The canbered de l ta  wing was selected so that  the  pro- 
jected  plm-  for= bi th  6. wing dihedral angle of Oo was the saxe as that 
of a 60° del ta  wing. 

Tkte 20' wing-dihe&al  configuretion w i t h  t a i l  off was generally 
longitudinally stable th.zou@out the angle-of-attack  range  tested  for a l l  
bkch "umbers. T!e 50° wing-dihedral  configuration wzs generally  longi- 
tudinally  stable  except  for a rar?ge of neutral   s tabi l i ty   near  en angle 
of attack of l7O at  a Mach  number of 0.80 and possibly zbove this Mxch 
number. 

The 20' wing-dihedral  configuration w3ti-L t a i l  off was directionally 
ur?stEble  throughout  the  engle-of  -attack  range  for a l l  Path numbers. The 
500 wing-dihedral cor!TigLLration w i t h  teil off w a s  directionally  unstable 
a t  lov angles of attack  but beca-e direct ional ly   s table   a t  high angles of 
athclr .  

The tail-off  effective  dihedral  was negative  for the 20° wing- 
dihedral  configuration at low angle of attack  but  increased with angle 
of a t tack   un t i l  the configuration had posit ive  effective  dihedral  above 
about mgle  of a t tack of 5O. Increasing  the  -dng  dihedral from 20' 
t o  50' increased the positive  effective  dihedral so tha t  the configuration 
had positive  effective  dihedral  throughout  the  angle-of-attack  rmge. 

Addition of the   ha l f -de l ta   ver t ica l   t a i l '  to  either  configuration 
resul ted  in  e stable  increzent ol" direct ional   s tabi l i ty  &t l o w  angle of 
attack  but  a loss in   ta i l   effect iveness   with  increasing  mgle of attack 
resulted  in  directior?al  instabil i ty f o r  some configurations  in  the h i g h  

. 
1 mgle-of-etAtack  range. The 20° ving-dihedral  con3iguration with 30° 
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V-tail plus ver_tral   f in  resulted  in a directionally stable configuration 
t'n-rcughout the  angle-of-attack end Mach nwber r u e s  tested. The -45O 
V-tail with %he 50' wing-dihedral  configmztlon was directionally stable 
fo r  a l l  angles of  &tack and Mach numbers investigz;ted. However, large 
redcc-kions in  positive  effective  dihe&al  occurred  for the YOo wing-  
dihetkel  configumkions at the higher angles of attack. 

Both exper-ni; and theory have sham tha t  some s t ructural  end aero- 
dynmic advm-tages  can be abtaineci tlwough the  use of del ta  wings on air- 
craft .  However, delta-wing  configurations have shown tendencies  toward 
loss of direct ional   s tabi l i ty  a d  effective dihedral e;t high mgles of 
attack. Previoizs t e s t s  have indicated Yiese ken&encies  can  be alleviated 
tbzough the use of wing dihedral ( re f .  1) or wing  camber ( r e f .  2) .  Low- 
speed tests  are  reported  in  refererrce 3 of a wing having  both  dihedral 
and camber f o r  which stable  configurztions were obtained a t  high zngles 
of attack  through  proper  selec-lion of wing diheciral and t a i l  configura- 
t ion.  The present  investigation was d e  to  obtain  data at high  subsonic 
sGeeds on som of the  aore proznising conf'igurations of reference 3.  

The w i n g  of the  present  investigation is  a portion of E. r ight   c i r -  
cu lm cone wherein Yne selection of the  alt i tude en5 radius of the  base 
dictates the m o m t  of cmiber f o r  a given plan fora. The w i n g  w a s  
formed of sheet s t e e l  aci the simplicity of construction  dictates i t s  
pcssible  use on missile  confi  ations. The projected pleo form of the 
win4  at a di'nedral  angle of O c a s  the s a e  as that of a 60' del ta  w i n g .  

Tests were maiie with wing dihedral  angles of 20' and 50' through an 
angle-of-attack  range at Mach nmisers fron 0.60 t o  0.92. Reynolds number 
based on the mean aerodynmic  chord  varied from 4.5 X 10 t o  5.0 X 10 . 6 6 

SYMBOLS 

The data of this investigation ar'e presented  about  the  standazd body 
axes as shown ir, figure 1. The  noment coefficients are referenced  zbout 
the  q-darter-chcrd  point of the rcean zerodynamic chord a d  t o  the fuselage 
cer-ter  line.  Coefficieats and syabols  are  defined &s follows: 

nornal-force  coefficient, Norm1 force 
ss 

. 

e 



NP-CA ~4 ~ 5 6 ~ 1 3  3 

CY side-force  coefficient, Side force 
a_s 

rolling-moment  coefficient, Rolling  moment 
9Sb 

9 free-strea.!.! dynamic pressme, -W, lb/sq ft 

P mass density  of  air,  slugs/cu  ft 

v free-stream  velocity,  ft/sec 

S wing  area  (projected  area  when  dihedral  is Oo includes mea 

2 

inside of fuselage), sq ft 
- 
C mean  aerodynmic  chord, ft 

b wing spm (when  dihedral is Oo) , ft 

a engle of Ettack,  deg 

P mgle of sideslip,  deg 

rW wing  dihedral  angle  (measufed  in  plane  tangent  to  wing  surface 
at  wing root; see fig. 2), deg 
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Details of the test aodel  are  given  in  Tigure 2. PhotograFhs of the 
model nowted on the  st ing ir- the Langley high-speed 7- by 10-foot tunnel 
ere show- as  figure 3. The I/&-inch-sheet-steel wiogs were formed into 
the  desired  shape, which w a s  obtained by using e segnent of a right 
cLrculsr cone. The leading edge -vas ar_ element of the cone with  the 
junction of fne wing leading edge end fuselage  being  the  apex. For t h i s  
investigation  the cone e l t i t .de  and radius of the  base shown in  f igure 4 
dictate  the  mount of cam3er for a given  plu? form. The Xing geometry 
WBS chosen s o  t h r t  the projected plan form wkeo the  dihedrel  angle was 
Oo was that  of a 60° de l ta  ~nring. The wing leading and t r a i l i ng  edges 
were beveled t o  sharp  edges. 

For these tests wing dihedrel  angles of 200 and 50' were investi- 
gated  since  these  dihedral  angles g-ive the most promisirg  results  (ref. 3) .  
The vir_g xes tested  with a circular  fuselage which had an ogival nose 
ride of alllminiun, E cylindriczl  center  section  also made of alminux, and 
a t q e r e d  afterbc&y nade of f iber  glass and plest ic  over a s t e e l  core. 

Tie 60° del ta   ver t icz l  t a i l  vas mde of 1/8-inch  sheet  steel and had 
an6  Erea  equal t o  0.683 of the  wirg  area. The ventrzl  Pin had an area 
equal t o  two-thirds  tke  vertical-tail aree. The r a t i o  of wing area and 
tzi.1 area  to  fuselage  diameter w s s  the  saye  as  for  the  nodel of refer- 
ecce 7 .  The V - t a i l  arrangements tested were obteined by using two half- 
de l ta  tails with  the same area as the  half-delta  vertical  tai l .  Because 
of space  limitations  the  tail  length f o r  the  present model was s l ight ly  
lese tcm tha t   for   the  model of reference 3. A l l  teil areas  include  that 
portion  shielded by the  fuselage. 

Eke t e s t s  were made in   the  hngley hfgh-speed 7- by IO-foot t w n e l  
throtlgh a Mach Ember r a g e  from 0.60 t o  0.92 which corresponds t o  a 

Remolds n-miber from 4.5 x 106 to 5.0 X 10 6 besed on the mean aerodynamic 
chord. The angle-ef-attack  rmge  veried  with  loading  con6itions  (the 
maxixux range beicg from about -2O t o  24O). Lateral 2arameter tests were 
mede a t   E g l e s  of' siaesl ip  of +Lo. %&el normal force,   mial   force,  
side  force,  pitching moment, ro l l ing  moment, and yawing moment were 
indicated by means  of an electrical  strain-gage  balance mcmted internally 
i n  t3e faselage. 

c 

Jet-boadary  corrections have  been applied  to  the  deta by the method 
of reference ;I. Bloc'kage corrections were applied to   the  data   in  



accordance  with  the  method  of  reference 5, a d  correctlons  for  the  effect - of longitudinal-pressure  gradfent  over  the d e l  ler-gth hwe been  applied. 

Mfel support  taxes  have not been  applied  except  for a base-pressure 
* adjustnent.  The Edjusted data  represent e condition  of  free-stre-  static 

pressure  at  the  fuselage  bzse. 

The  angles of attack  and  sideslip  have  been  corrected  for  deflectios 
of the  sting support and belznce system  under  loa& No attempt  has  been 
made,  however, to correct  the  data  for  distortion  of  the  model  under  load. 

The  zerodynemic  cheracteristics  in  pitch of the  model  with 20° wing 
dihedral ar-d vmious tail  arangenents  ere  presented  io  figure 5. The 
aerodynamic  characteristics  in  pitch  of  the  mOaelvith 50° wing  dihedral 
and  various  tail  arrangenents  are  presented in figure 6.  m e  veriation 
of the  laterzl-stability  pa-raneters  with engle of attack  for  the  model 
with 20° wing dihedral md vmious tail  arrangements  is  given  in  figure 7. 

for  the  nodel  with 50° wing  dhhedral and vazious  tail  errangements is 
shown in  figure 8. Ttte variation of C and Cz with  &ch  number  is 

shown is figure 9. 

- The  veriation  of  the  lateral-stability pmmeters with angle  of  attack 

.I nP P 

Longitudinal  Cheracteristlcs 

Tests tlrrough  the angle-of-atkck  renge (figs. 5 end 6 )  indicete 
that  the  teil-off  normal-force-curve  slope C% vzried  with Mach number 
from 0.050 to 0.056 for 20' wing  dihedrel and from 0.039 to 0.046 for 
50' wing  dihedral. Aboizt two-thirds of the  dizference  in  normal-force- 
curve  slope  between  the  configuration  with 20' wing  dihedral and that with 
50' wing ahedrzl cza be attributed  to a difference  in  projected plul- 
form  area  of  the two configurations.  Coefficients  for bo"& dihedral 
configurations are based on Oo wing  dihedral  which  has a projected plan 
form  identical to that  of a 60° delta  wing.  Additior  of  the  V-tail 
configuretions  to boYn the 20° aa& 50° wing-dihedral  configuratioas 
resulted  in  slight  increases  in  Ilormal-force-curve  slope. 

The 20' wing-dihedrel  configuratLon  with  tail off was  generally 
1ongitudineU.y  stzble  for  the a and Mach nunber  ranges  tested.  The - 500 wipa-dihedral  configuration  with  tail  off had B region of instability 
et  high ar-gles of attzck  at M = 0.80 an& possibly  above M = 0.80. The 
variztion  of  pitching  moment T o r  both  confignations was similar  to  that - obtained  at low speed  (ref. 3) .  The tail configurations  were  primarily 



selected  to   provide  la teral   s tabi l i ty .  However, a brief discussion of 
their   efr 'ect  on longitudinal  stabil i ty i s  included  herein.  Addition - 
of the  half-delts.   vertical   tai l   resulted  generally  in l i t t l e  change i n  
the  variation of pitching-nonent  coefficient w i t h  a except for   the 
rw = 50° configuration where a slight ins tab i l i ty  is noted  near a = 17'. ir 

The SO0 V-tail and the TO0 V-tail-plus-ventral-fin  configurations  tested 
w F t n  20° wing dihedral resulted  in  slight  increases  in  longitudinal 
stKbility  except  for a region of about   neutral   s ta5i l i ty   in   the  vicini ty  
of CL = 150. The -1.5O V - t a i l  tested with tZte 50° wing dihedral  angle 
resulted  in a large increase i n   s t a b i l i t y  with a generally  linear 
variation of pitching-moment coefficient with angle of attack; this 
increase  elimimted the w-stable break  near a = l 7 O .  

Lateral  Characteristics 

LaterE?l-Tarameter tests a t  *bo angle of s idesl ip  have  been made 
throizgi the m-gle-of -attack aod F ~ c h  mmber r a g e s   f o r  both  the 20° ar,d 
50° wing dihedral  mgles  (figs. 7 and 8) . Tests made through the  sideslip- 
angle  rmge  in  reference 3 Lndicated  generslly  linear  variations.  mere- 
fore, lateral-p&rm.eter t e s t s  have  been res t r ic ted   to  p = *bo. The 
data of f igure 7 indicate  th&t the 20° wing-dihedral  configura.tion  with 
t a i l  off i s  directionelly  unstable  throughout  the  angle-of-attack and 
bkch  nu-ber ranges  tested. However, the ins tab i l i ty  was about  constant 
w i t h  only sligkt var ia t ions  a t  high u being  noted.  Addition of the 
ha l f -de l ta   ver t ica l   t a i l  provided a stabil izing increment i n  
which reslrlted i n  a stable confi,wation  except a t  the highest angles of 
aktack  There the half-delta  vertical-tail  contribution  decreased. This 
trend is  similar t o  tha t  fo-md i n  low-speed tests of this  configuration 
(ref.  3) which shm k r g e  decreases in   d i rec t iona l   s tab i l i ty  above 22O 
angle of a t tack and also i n  tests of a 4 5 O  del ta  w-ing using a similar 
fuselage (ref. 6). This W g e  Cecrease in direct ional   s tabi l i ty  is 
probably  associated w i t h .  m w-favorable  sidewash froa the  wing-fuselage 
cambination which reduced the t a i l  effectiveness  at  the higher ar?gles of 
attack. 

cnP 

L. 

The m o d e l  with a 30° V - t e i l  w a s  directionally stable up t o  M angle 
of attack of about 12O. Above 12' the model  became directionally  unstable, 
but t3e instabil i ty  terded to reduce w i t h  increasing  angle of attack  with 
the model  becoming stable again a t  sngles of attack of  about 200. The 
eddition of the ven t r a l   f i n  geve an almost  constant  increment of s t ab i l i t y  
throughout  the  engle-of-attack arsd Mach mmber ranges investigated end 
resu l ted   in   d i rec t iona l   s tab i l i ty  for the 30° V - t e i l  plus  ventral of about 
the s u e  maw-itude as tha t  of the hdf-delta  vertical-tail   configuration. 

c 

The data of figure 8 indicate that the 500 wing-dihedral  configuration 
w i t h  t a i l  off i s  sl ightly  directio2ally uzstable a t  low angles of attack. 
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As the  mgle of attack is  increased,  the  directionel  instability  decreases 
until above loo angle of attack the configuration becomes stzble. This 
variation  probably c&n be at t r ibuted t o  the increese  in  laterel   area of 
the wing behind the  cellter of moments a t  the higher wing dihedral mgle. 
Addition of the  half-delta  vertical ta i l  t o  -&e rk- = 50° wing-fuselage 
combillation r e su l t s   i n  e stable cor?figu-ration  through most of the  aagle- 
of-attack end Mach  number ranges  tested. The fevoreble  increment of 

CnP 
contributed by the t a i l  decreases a t  the  higher  test  angles of &.%tack 

and reverses a t  the  highest test u, which r e su l t s   i n  an unstable  config- 
uration. The stable increment i n  Cn due t o  Edding the ve r t i ca l  t a i l  

i n  this case w a s  only  about  one-half  the  increment  obtained by adding 
the ve r t i ca l  tril t o  the 20° wing conf'igurztion  (fig. 7). The model with 
the -45O V - t e i 1  was directtonally  stable fo r  a l l  angles of a t tack and 
K~ch numbers tested, es was fomd in  the low-speed tests of reference 3 
for  a similar configuration. Hodever, a slight reduction  in  directional 
s t a b i l i t y  occurred between a = l2O cmd 16O. 

P 

The tail-off  effective  dihedral  f o r  the =ode1 w i t h  20' wing dihedral 
was negative (+"zp> at  a = oO; however , w i e s  with a so that 

the dihedral  effect  is positive for  angles of a t tack &ove about 

5O. The positive  effective  dihedral  increases w i t h  angle of a t tack up t o  
ebout 12O, above which the  varietion of effective  dihedral  w i t h  a is 
somewhat e r r a t i c  witin a general tendency t o  ciecreese. Tne addition of 
the t a i l  configuration t o  the 20' wing-dihe6ral  configuration  gen-rally 
resul ted  in  an- increese  in  positive  dihedral  effect w i t h  little change 
in  the  va-riation of w i t h  a. For ell kil configurations  tested 

the effective dihedral was s l ight ly   negat ive  a t  a = 0' md  posit ive 
over nost of the  positive  range of a tested. 

c2P 

c " Z P )  

c z P  

The data  for  the 50° wing-dihedral  con-tiguretf 1 ons with tai l  off 
(fig. 8) indicate  that  increasing the wing dihedral from 20° to 50° 
contributed a positive  increment of effectlve  dihedral as expected, 
which resulted i n  -CzP over  the test range. As the   mgle of attack 

is  increased,  the  posit ive  effective  dihedral   increases  unti l  about 
a = 12'; above a = t b r e  w a s  a fair ly   rapid  reduct ion  in   effect ive 
dihedral.  Addition of the   ha l f -de l te   ver t ica l   t a i l   sh i f ted   the   e f fec t ive  
dihedral   in  e posit ive  direction  but had l i t t l e   e f f e c t  on the variation 

w i t h  a. The -45O deltr V-tail shifted the  effective  dihedral 
Of cz9  
i n  a negative  direction, m d  this s h i f t  together w i t h  the  variation w i t h  
angle of Ettack  resulted  in the model having  a sl ightly  aegative dihe- 
dral e f f e c t   a t  high ar?gles  of etteck a t  M = 0.80, and possibly a t  other 
Mach numbers above M = 0.80. 
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The tail-off date of f igcre 9 indicate that the  directional  insta- 
b i l i t y  at a = Oo decreased s l igh t ly  w i t h  increese i n  Mach  number up 
t o  X = 0.60 for  both  the ZOO an& 50' wirqpdihedrel  col?figurations 
an6  renxdned generally  constar-t above M = 0.60. The effective  dihe- 
dra l  showed e change i n  s. negative  direction w i t h  increasing Mach  number 
up t o  a3out 31 = 0.60 an6 generally remained constant above M = 0.60 
for  both the 20' wnd 50' wi-ng-dihedral configurations. 

CONCWSIONS 

An investigetion at high  subsonic  speeds was made in   the  Langley 
high-speed 7- by 10-foot tunnel  to determine  the static  stGbili ty  char- 
ac te r i s t ics  of a cmbered-delta-wing model w i t h  w i n g  dihedral  angles of 
20° and 50° a d  with various t a i l  configmations. The results  indicated 
the  followiag  conclusions: 

1. The 20' wing-dihedral  configuration  with t a i l  o f f  was generally 
longitudinally  stable %hrough the  engle-of-attack  range  tested  for a l l  
MTch nmbers. The 50° wing-dihedral  configuration was generally  longi- 
tudinelly stable except f o r  a range of neukral  stzbility  near an angle 
of attack of 17' at  a Mach  number of 0.80 and possibly a5ove this Mach 
nunber . 

2. The 20' wing-dihedral  coafiguration w i t h  t a i l  off w a s  direc- 
tionally  unstable tbxroughcut the  angle-of-attack  range for a l l  Mach 
numbers. Tie 50' wing-dihedral  configuration w i t h  t a i l  off was d-lrec- 
t iomlly  unstable  et  low angles of attack but became directionally 
s table   a t   h igh angles of attack. 

3. The tail-off  effective dihedral was negative for the 20° wing-  
dihedral configuration  at low angles of attack  but  increesed with in- 
creasix vlgle of attack u n t i l  the codiguration had positive  effec- 
t ive  dihedral  a3ove about an angle of attack  of 5'. Increasing  the 
wing dihedral Prom 20' t o  50° increased  the  positive  effective  dihe- 
dral so the t  the codigur&tion had positive  efTective dihedral through- 
out  the  angle-of-attack  rwGe  tested. 

4. A6dition  of  the  half-delta  vertical t a i l  to  either  configuration 
resulted  in a stable  increxent of direct ional   s tabi l i ty  at low angles of 
ettack  but a loss i n  tat1 effectiveness with increasing  angle of attack 
resul%ed  in  directional  inst;ability  for soEe configurations in   the  high 
angle-of-attack range. The 20' wing-dihedral  corfiguration w i t h  30' 
V-tail  plus  ven%ral  fin  reszlted  in a directiozally  stable  configuration 
thro-cghozt the  angle-of-attack and Mach ntmber ranges tested. The -45' 
V - t a i l  w i t h  the 50° wing-dilledral  configuration w a s  directionally stable 

., 
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f o r  engles of s t tack  and h c h  =umbers tested.  Bowever, lwge  reductions 
in  posit ive  effective  dihedral   occurred f o r  tke 50° YiFg-dihedral con- 
figur&tion at the  higher W l e s  of' attack. 
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Side 

Figure 1.- System of axes used. Positive directions of forces, moments, 
asld angles are indicated by =rows. 
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Figure 2.- Details of test model. (Dimensions we in inches unless otherwise 
noted. ) 
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~ 3 0 2 2 6  Figure 3.- Test model mounted on sting in tunnel. 

. 1 4 I 



. L I 

*! 

,. ?'. 
, 

I 
/' 

# 

I 

L-90227 
Figure 3 . -  Concluded. 
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Figure 4.- Sketch showing developaent of cambered delta w i n g .  
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.gure 5. - Aerodynamic chazacteristics io pitch of the nodel 
20° wing dihedral. 

's venfr 

w i t h  



.I 

0 

-. / 

" 2 

62 

.8 

4 

0 

-4 
-5 0 5 IO 15 20 25 

Q, del7 

(b) X = 0.80. 

Figne 5.  - Continued. 

o Tail  o f f  
3u0v  

0 30" Vplu 
A Verfica/ 

.OB 

0 4  

m.04 

:08 

S ven 



3H 

./ 

0 

-2 

re 

.8 

I 

0 

- 4  
-5 0 

o Tail o f f  

n 3U"V 
0 30° Vplus 
A Vertico/ 

.08 

.04 

-04 

48 

( c )  14 = 0.85. 

Fi,we 5.  - Coctinued. 

ve 



18 

-5 0 

(d) M = 0.90. 

Figure 5.- Continued. 
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