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SUMMARY 

An i n v e s t i g a t i o n  was made i n   t h e   L a n g l e y  V/STOL t u n n e l  to determine,  by 
the   t r a i l i ng -wing   s enso r   t echn ique ,   t he   e f f ec t iveness   o f  11 combinations  of 
t h e   e x i s t i n g   f l i g h t - s p o i l e r   s e g m e n t s  on a j u m b o - j e t  t r a n s p o r t   a i r c r a f t  model 
when they  were d e f l e c t e d  as t r a i l i n g - v o r t e x - a l l e v i a t i o n   d e v i c e s .  A l l  11 o f  
t h e   f l i g h t - s p o i l e r   c o n f i g u r a t i o n s   i n v e s t i g a t e d  were e f f e c t i v e   i n   r e d u c i n g   t h e  
i n d u c e d   r o l l i n g  moment on t h e   t r a i l i n g  model by as much as 18 to  67   percent  
a t  a d i s t a n c e   o f   7 . 8   t r a n s p o r t  wing s p a n s   b e h i n d   t h e   t r a n s p o r t   a i r c r a f t   m o d e l .  
The p r e s e n t   i n v e s t i g a t i o n  is an  extension  of  ear l ier  wind- tunnel   and   f l igh t  
tests which  showed t h a t   t h e   e x i s t i n g   f l i g h t  spoilers on t h e  jumbo- je t  a i r c r a f t  
can  be  used as e f f e c t i v e   t r a i l i n g - v o r t e x - a l l e v i a t i o n   d e v i c e s .  

E s s e n t i a l l y  a l l  of t h e  r e d u c t i o n   i n   i n d u c e d   r o l l i n g  moment o n   t h e   t r a i l i n g -  
wing model was r e a l i z e d  a t  a spoiler d e f l e c t i o n   o f  45O f o r   s i n g l e - s p o i l e r  con- 
f i g u r a t i o n s ,  30° for two-spoiler conf igu ra t ions ,   and  15O for b o t h   t h e   t h r e e -   a n d  
fou r - spo i l e r   con f igu ra t ions .  

O f  the  11 € l i g h t - s p o i l e r   c o n f i g u r a t i o n s   i n v e s t i g a t e d ,   t h e  most promising 
conf igu ra t ion   fo r   t r a i l i ng -vor t ex   aba temen t  on t h e  jumbo-jet a i r c r a f t   a p p e a r s  
to b e   t h e   t h r e e   i n b o a r d   f l i g h t   s p o i l e r s   d e f l e c t e d  15O. Th i s   con f igu ra t ion  
reduced   induced   ro l l ing  moment on   the   t ra i l ing-wing  model by 65  percent   and 
inc reased   d rag   coe f f i c i en t   on   t he   t r anspor t   a i r c ra f t   mode l  by about  0.012 a t  
a trim l i f t   c o e f f i c i e n t  of 1.2. 

INTRODUCTION 

The s t r o n g   v o r t e x  wakes genera ted  by l a r g e   t r a n s p o r t   a i r c r a f t   a r e  a poten- 
t i a l   h a z a r d  to  s m a l l e r   a i r c r a f t .  The National  Aeronautics  and  Space  Administra- 
t i o n  is  involved   in  a program of model tests, f l i g h t  tests,  and   t heo re t i ca l   s tud -  
ies  to inves t iga te   aerodynamic  means of reducing t h i s  haza rd   ( r e f .  1 ) .  

R e s u l t s  of r e c e n t   i n v e s t i g a t i o n s   h a v e   i n d i c a t e d   t h a t  t h e  t r a i l i n g   v o r t e x  
behind  an  unswept-wing model ( r e f .  2)  or a swept-wing t r a n s p o r t  model ( ref .  3 )  
can be a t t e n u a t e d  by a forward-mounted  spoiler.  It  was also determined by model 
tests ( r e f s .  4,  5 ,  a n d   6 )   a n d   v e r i f i e d   i n   f u l l - s c a l e   f l i g h t  tes ts  t h a t   t h e r e  
are severa l   combina t ions   o f  t he  e x i s t i n g   f l i g h t  spoilers on  both  the  jumbo-jet  
t r a n s p o r t   a i r c r a f t   ( r e f .   7 )   a n d  a medium-range  wide-body t r i - je t  t r a n s p o r t  a i r -  
c r a f t   ( r e f .   8 )   t h a t  are e f f e c t i v e  as t r a i l i n g - v o r t e x - a l l e v i a t i o n   d e v i c e s .  The 
approach   u sed   i n   r e f e rences  2 to 6 to e v a l u a t e   t h e   e f f e c t i v e n e s s   o f   v o r t e x -  
a l l e v i a t i o n   d e v i c e s  was to  s i m u l a t e   a n   a i r p l a n e   f l y i n g   i n   t h e   t r a i l i n g   v o r t i c e s  
o f   ano the r   l a rge r   a i rp l ane   and  to  make d i rec t  measurements of r o l l i n g  moments 
induced   on   t he   t r a i l i ng  model b y   t h e   v o r t i c e s   g e n e r a t e d  by the   forward  model. 
The t e c h n i q u e   u s e d   i n   t h e   f u l l - s c a l e   f l i g h t  tests ( r e f s .  7 and 8) was to pene- 
t r a t e  t h e   t r a i l i n g - v o r t e x  wake  behind a Boeing 747 a i r c r a f t  ( re f .   7 )   and   behind  
a Lockheed L-1011 a i r c r a f t  (ref.  8) wi th  a Cessna T-37 a i r c r a f t   a n d  to e v a l u a t e  



the  roll  response  and  roll  attitude  of  the  Cessna T-37 aircraft as an  index  of 
the  severity of the  trailing-vortex  encounter. 

Since  there  were  a  limited  number of flight-spoiler  combinations  investi- 
gated  in  reference 4,  the  purpose  of  the  present  investigation  is  to  determine 
whether  other  flight-spoiler  combinations on the  jumbo-jet  transport  aircraft 
model would  give  greater  trailing-vortex  alleviation  than  those  reported  in 
reference 4.  The direct-measurement  technique  described  in  references 2 to 6 
was  used  with  the  trailing-wing  model at 7.8 transport  wing  spans  behind  the 
transport  aircraft  model.  For  the  full-scale  transport  airplane,  this  would 
represent  a  downstream  distance of 0.25 nautical  mile. 

The use  of  commercial  airplane  designations  in  this  report  does  not  consti- 
tute  an  official  endorsement of such  products  or  manufacturers,  either  expressed 
or implied,  by  the  National  Aeronautics  and  Space  Administration. 

SYMBOLS 

All  data  are  referenced  to  the  wind  axes.  The  pitching-moment  coefficients 
are  referenced  to  the  quarter-chord of the  wing  mean  aerodynamic  chord. 

wing  span,  m 

Drag 
drag  coefficient, - 

qs, 

Lift 
lift  coefficient, - 

qsw 

Trailing-wing  rolling  moment 
trailing-wing  rolling-moment  coefficient, 

qSTWbTW 

Pitching  moment 
pitching-moment  coefficient, 

q w w  

wing  chord,  m 

wing  mean  aerodynamic  chord,  m 

horizontal-tail  incidence,  referred  to  fuselage  reference  line 
(positive  direction,  trailing  edge  down),  deg 

free-stream  dynamic  pressure, Pa 
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S wing area, m2 

x',Y',Z' sys tem  of   axes   o r ig ina t ing  a t  l e f t  wing t i p  o f   t r a n s p o r t   a i r c r a f t  
model (see f i g .   1 )  

x ' , y ' , z '   l o n g i t u d i n a l ,  l a te ra l ,  and ve r t i ca l   d imens ions   measu red   f rom  t r a i l i ng  
e d g e   o f   l e f t  wing t i p   o f   t r a n s p o r t   a i r c r a f t  model, m 

a ang le   o f  a t tack o f   fu se l age   r e fe rence   l i ne   (w ing   i nc idence  is 2O rela- 
t i v e  to f u s e l a g e   r e f e r e n c e   l i n e ) ,   d e g  

Subsc r ip t s :  

IEiX maximum 

Tw t r a i l i ng -wing  model 

W t r a n s p o r t  a i r c ra f t  model 

MODEL AND APPARATUS 

A three-view  sketch  and t h e  p r i n c i p a l   g e o m e t r i c  characterist ics of   the  
0.03-scale model o f   t h e  jumbo-jet  t r a n s p o r t   a i r c r a f t  are shown i n   f i g u r e   1 .  
F igure  2 is  a photograph of t h e  t r a n s p o r t   a i r c r a f t  model s t i n g  mounted i n   t h e  
Langley V/STOL t u n n e l .  The f u s e l a g e ,  empennage, t r a i l i n g - e d g e  f laps ,  and 
leading-edge  devices   of  t h i s  model were t h e  same as those used i n   r e f e r e n c e s  3 
and 4. The  wing  had f l i g h t  spoilers typical of t h i s  type   o f  a i r c ra f t .  Fig- 
ure 3 is a sketch  showing  the  locat ion  and  numbering  of   the  f l ight-spoi ler   seg-  
ments  on t h e  t r a n s p o r t   a i r c r a f t  model. Photographs  of 9 of   the  11 f l i g h t -  
s p o i l e r   c o n f i g u r a t i o n s   i n v e s t i g a t e d  are p r e s e n t e d   i n   f i g u r e  4. ( N o t  shown are 
two s ing le - spo i l e r   con f igu ra t ions ,   s egmen t  2 and  segment 3 . )  

A photograph  and  dimensions  of  the  unswept  trailing-wing model i n s t a l l e d  
on t h e   t r a v e r s e  mechanism a r e   p r e s e n t e d   i n   f i g u r e  5. The t r a i l i n g  model has 
a span  and aspect r a t i o  typical o f   s m a l l - s i z e   t r a n s p o r t   a i r c r a f t .  

The test  sec t ion   o f  t h e  Langley V/STOL tunne l   has  a h e i g h t  of 4.42 m, a 
width  of  6.63 m, and a length  of   14.24 m. The t r a n s p o r t   a i r c r a f t  model was 
s t i n g  mounted  near   the  forward  end  of   the  tunnel  tes t  s e c t i o n  on a six-component 
strain-gage  balance  system  which  measured  the forces and  moments.  The ang le   o f  
a t tack was determined  from  an accelerometer mounted i n   t h e   f u s e l a g e .  The t r a i l -  
ing  model was mounted  on a s ingle-component   s t ra in-gage  rol l   balance,   which was 
a t t a c h e d  to a t r a v e r s e  mechanism  capable  of  moving the mode l   bo th   l a t e ra l ly   and  
v e r t i c a l l y .   ( S e e   f i g .  5.) The l a t e r a l  and v e r t i c a l   p o s i t i o n s   o f   t h e   t r a i l i n g  
model were measured by o u t p u t s   f r o m   d i g i t a l   e n c o d e r s .   T h i s   e n t i r e   t r a v e r s e  
mechanism could be mounted to  t h e   t u n n e l   f l o o r  a t  v a r i o u s   t u n n e l   l o n g i t u d i n a l  
p o s i t i o n s  downstream  of the t r a n s p o r t   a i r c r a f t  model. 

3 



TESTS AND CORRECTIONS 

T r a n s p o r t   A i r c r a f t  Model 

A l l  tests were made a t  a f ree-s t ream  dynamic   p ressure   in   the   tunnel  t es t  
s e c t i o n  of 430.9 Pa which  corresponds to a v e l o c i t y   o f  27.4 m/sec. The Reynolds 
number f o r   t h e  tests was approximately 4.7 x 1 O5 based on t h e  wing mean aero- 
dynamic   chord .   Trans i t ion   s t r ips   approximate ly  0.30 cm wide  of No .  60 a b r a s i v e  
g r i t  were placed 2.54 c m  back  from  the  leading  edge  of  the  wing,  whereas  natural  
t r a n s i t i o n  was used  elsewhere.  The bas i c   l ong i tud ina l   ae rodynamic   cha rac t e r i s -  
t ics were obta ined   th rough  an   angle-of -a t tack   range   of   approximate ly  -4O t o  24O. 
A l l  tests were made wi th   l ead ing-edge   devices   ex tended ,   l anding   gear  down, and 
l a n d i n g   f l a p s   d e f l e c t e d  30°. 

Blockage   cor rec t ions  were a p p l i e d  to  t h e   d a t a  by t h e  method  of r e fe rence  9. 
Je t -boundary   cor rec t ions  to  the   angle   o f  a t tack and   the   d rag  were a p p l i e d   i n  
accordance  with  reference 10 .  

Trailing-Wing Model 

The trail ing-wing  model  and its assoc ia ted   ro l l -ba lance   sys tem were used 
as a sensor  to  measure   the   induced   ro l l ing  moment caused by the   vo r t ex   f l ow 
downstream  of t h e   t r a n s p o r t   a i r c r a f t   m o d e l .  N o  t r a n s i t i o n   g r i t  was a p p l i e d  t o  
t h e   t r a i l i n g  model. The t r a i l i n g  model was p o s i t i o n e d   n e a r   t h e   a f t  end of t h e  
t u n n e l  test s e c t i o n  (7.8 t r a n s p o r t  wing s p a n s   b e h i n d   t h e   t r a n s p o r t   a i r c r a f t  
model) ,  and t h e   t r a v e r s e  mechanism was p o s i t i o n e d   l a t e r a l l y   a n d   v e r t i c a l l y  so 
t h a t   t h e   t r a i l i n g   v o r t e x  was nea r   t he   cen te r   o f   t he  mechanism. The t r a i l i n g  
v o r t e x  was p r o b e d   w i t h   t h e   t r a i l i n g  model. A l a r g e  number of   t ra i l ing-wing 
rol l ing-moment   data   points   (usual ly   f rom 50 t o  100)  were obta ined   f rom  the  
l a t e ra l  t r a v e r s e s  a t  s e v e r a l   v e r t i c a l   l o c a t i o n s  to ensure  good d e f i n i t i o n   o f  
t h e   v o r t e x  wake so t h a t   t h e  maximum t ra i l ing-wing   ro l l ing-moment   coef f ic ien t  
could  be d e t e r m i n e d .   I n   a d d i t i o n ,   c e r t a i n  test  c o n d i t i o n s  were repea ted  a t  
s e l e c t e d   i n t e r v a l s   d u r i n g   t h e  test pe r iod   and   t he   da t a  were found to  be   repea t -  
ab le .  All t ra i l ing-wing  rol l ing-moment   data  were o b t a i n e d   w i t h   t h e   t r a n s p o r t  
a i r c r a f t  model a t  a trimmed l i f t   c o e f f i c i e n t   o f  1.2 ( C ~ , t ~ i ~  = 1.2). 

RESULTS AND DISCUSSION 

T r a n s p o r t   A i r c r a f t  Model 

The l o n g i t u d i n a l   a e r o d y n a m i c   c h a r a c t e r i s t i c s   o f   t h e   t r a n s p o r t   a i r c r a f t  model 
with 11 d i f f e r e n t   f l i g h t - s p o i l e r   c o n f i g u r a t i o n s   d e f l e c t e d   s y m m e t r i c a l l y   t h r o u g h  
a range  of Oo to 45O are p r e s e n t e d   i n   f i g u r e s  6 to 1 6 .  Table  I lists t h e  11 
spoiler conf igu ra t ions .   These   da t a   ( f i g s .  6 t o  1 6 )  were ob ta ined   w i th   t he   ho r i -  
z o n t a l   t a i l  set a t  Oo (it = Oo) . Below the  s t a l l ,  t h e r e  is e s s e n t i a l l y  a l i n e a r  
increase i n   d r a g   w i t h   s p o i l e r   d e f l e c t i o n   f o r  a l l  t h e s e   c o n f i g u r a t i o n s .  The 
inc rease   i n   d rag   coe f f i c i en t   r anges   f rom a b o u t  0.002 t o  about  0.06. Also f o r  
a l l  o f   t hese   conf igu ra t ions ,   abou t  50 percen t  of t h e   l i f t  loss a t  a g iven   angle  
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of  attack  occurs  at  a  spoiler  deflection  of  about 15O. Generally,  when  the 
spoilers  are  deflected,  the  linear  range  of  the  pitching-moment  coefficient is 
extended  to  a  higher  angle  of  attack. 

The  data  for  the  single-spoiler  configurations  (figs. 6 ,   7 ,   8 ,  and 9) indi- 
cate  that,  at  the  maximum  spoiler  deflection  angle  of 45O, a  nominal  lift  coeffi- 
cient  of 1 . 2  can  be  maintained  with  an  increase  in  angle  of  attack  of  less  than 
1.5O. At  the  maximum  spoiler  deflection  angle  of 45O, the  increase  in  angle  of 
attack  to  maintain  a  nominal  lift  coefficient  of 1 . 2  was  about 2.5O for  the 
two-spoiler  configurations  (figs. 1 0 ,   1 3 ,   1 5 ,  and 1 6 ) ,  about 3.5O for  the  three- 
spoiler  configurations  (figs. 11 and 1 4 ) ,  and  about 4O for  the  four-spoiler 
configuration  (fig. 1 2 )  . At  a  lift  coefficient  of 1 . 2 ,  the  maximum  increase  in 
drag  associated  with  the  spoiler  configurations  deflected 45O was  about 0 . 0 3  for 
the  single-spoiler  configurations,  about 0.04 for  the  two-spoiler  configura- 
tions,  about 0.05 for  the  three-spoiler  configurations,  and  about 0.06 for the 
four-spoiler  configurations. 

Trailing-Wing  Model 

The  maximum  rolling-moment  coefficient  measured  by  the  trailing  model  and 
the  position  of  this  model  relative  to  the  left  wing  tip  of  the  transport  air- 
craft  model  are  presented  in  figures 17 to 20 as  a  function  of  flight  spoiler 
deflection  for  the  various  combinations  of  flight-spoiler  segments  investigated. 
Eleven  flight  spoiler  combinations  were  investigated  and  all  were  effective  in 
reducing  the  induced  rolling  moment  on  the  trailing-wing  model  by  as  much  as 1 8  
to 67 percent.  These  data  were  obtained  with  the  trailing-wing  model  positioned 
7 . 8  transport  wing  spans  behind  the  transport  aircraft  model  at C ~ , t ~ i ~  = 1 . 2 .  
The  horizontal-tail  incidence  angle  (it),  required  to  trim  the  transport  air- 
craft  model  at  a  lift  coefficient  of 1 . 2  ( C ~ , t ~ i ~  = 1 . 2 )  and  the  associated 
measured  drag  coefficient  are  listed  in  table I1 for  the  various  combinations 
of  flight  spoilers. 

For all of the  spoiler  configurations  investigated,  the  maximum  rolling 
moment  on  the  trailing-wing  model  was  obtained  with  the  trailing-wing  model 
located  inboard  of  and below the  transport  aircraft  model  wing  tip  (figs. 1 7  
to 2 0 ) .  

It can be seen  in  figure 1 7  that, for  any  of  the  single-spoiler  configura- 
tions,  the  induced  rolling  moment  (C2,m)max on the  trailing  model  decreased 
with  an  increase  in  spoiler  deflection  angle  throughout  the  spoiler  deflection 
range  of Oo to 45O. The  greatest  reduction  in (C2,m)max from  a  single- 
spoiler  configuration  (about 48 percent)  was  realized  with  spoiler  segment 3 at 
a  deflection  angle  of 450. For all  of  the  two-spoiler  configurations  (fig. 201, 
essentially  all  of  the  reduction  in (CZ,m)max was  realized  at  a  spoiler 
deflection  angle  of  about 300 with  the  largest  reduction  in  (Cz ,mITax (about 
67 percent)  being  realized  for  spoiler  segments 2 and 4 at  a  deflectlon  angle  of 
30°. For both  the  three-  and  four-spoiler  configurations  (figs. 1 8  and 1 9 ) ,  the 
reduction  in ( C Z , ~ ) ~ ~ ~  was  greater  when  the  spoilers  were  deflected  only 15O. 
For the  three-spoller  configurations,  the  largest  reduction  in ( C Z , ~ ) ~ ~ ~  
(about 65 percent)  was  realized  with  spoiler  segments 2, 3, and 4 at  a  deflec- 
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t i o n   a n g l e   o f  15O. F o r   t h e   f o u r - s p o i l e r   c o n f i g u r a t i o n ,   t h e   l a r g e s t   r e d u c t i o n  
i n  (Cz , T W ) ~ ~ ~  (about  53 p e r c e n t )  was r e a l i z e d   w i t h   t h e  spoiler segments a t  
a d e f l e c t i o n   a n g l e   o f  15O. Some o f   t hese  spoiler combinations a t  t h e i r   h i g h e r  
d e f l e c t i o n   a n g l e s   c o u l d  impose unacceptab le   per formance   pena l t ies   on   the  a i r -  
p lane .   These   pena l t ies   inc lude   such   th ings  as e x c e s s i v e  body a t t i t u d e  a t  land- 
ing,  due to t h e   i n c r e a s e   i n   a n g l e  of attack r e q u i r e d  to ma in ta in  a g i v e n   l i f t  
c o e f f i c i e n t ,  or an   i nc rease   i n   no i se ,   due  to t h e   i n c r e a s e   i n   e n g i n e   t h r u s t  
r equ i r ed  to overcome t h e   d r a g   i n c r e a s e .  However, t h e s e  results show t h a t   t h r e e  
combinations  of spoiler s e g m e n t s   a n d   d e f l e c t i o n s   o f f e r   s i g n i f i c a n t   t r a i l i n g -  
vor tex   aba tement   wi thout   obvious ly   unacceptab le   per formance   pena l t ies .  

The f l i g h t - s p o i l e r   c o n f i g u r a t i o n   o f   s e g m e n t s  1 and 2, a t  a d e f l e c t i o n   a n g l e  
o f  30°, which  gave a r e d u c t i o n   i n  (C1,m)max o f   abou t  46 percen t ,  was shown 
to  b e   v e r y   e f f e c t i v e   i n   a t t e n u a t i n g   t h e   t r a l l i n g   v o r t e x   i n   f u l l - s c a l e   f l i g h t  
tests o f   t h e   j u m b o - j e t   t r a n s p o r t   a i r c r a f t   ( r e f .  7 ) .  Therefore ,  it appears t h a t  
t h e  spoiler conf igura t ions   o f   segments  2 and 4 a t  a d e f l e c t i o n   a n g l e   o f  30° 
(which  reduces by about  67 p e r c e n t )  or segments 2, 3,  and 4 a t  a 
d e f l e c t i o n   a n g l e   o f  1 So (which reduces (Cz by about  65 percen t )   shou ld  
be even more e f f e c t i v e   i n   a t t e n u a t i n g   t h e   t r a l l l n g   v o r t e x   b e h i n d   t h e   j u m b o - j e t  
t r a n s p o r t .  From an a i r c ra f t  o p e r a t i o n a l   s t a n d p o i n t ,   t h e  spoiler c o n f i g u r a t i o n  
of  segments 2, 3,  and 4 a t  a d e f l e c t i o n   a n g l e   o f  15O (which  increases  drag  by 
about  0.012 a t  C L , ~ ~ ~ ~  = 1 . 2 )  would be more a t t r a c t i v e   f o r   v o r t e x   a b a t e m e n t  
t h a n   e i t h e r   o f   t h e  spoiler conf igura t ions   o f   segments  2 and 4 a t  a d e f l e c t i o n  
ang le   o f  30° (which  increases   drag by about  0.026 a t  CL, t r im  = 1 . 2 )  or seg- 
ments 1 and 2 a t  a d e f l e c t i o n   a n g l e   o f  300 (which  increases   drag by about 0.026 
a t  CL, trim = 1 . 2 )  . 

SUMMARY OF F33SULTS 

R e s u l t s  have  been  presented  of   an  invest igat ion  in   the  Langley V/STOL tun- 
n e l  to determine, by the   t r a i l i ng -wing   s enso r   t echn ique ,   t he   t r a i l i ng -vor t ex -  
a l l ev ia t ion   e f f ec t iveness   o f   va r ious   combina t ions   o f   spo i l e r   s egmen t s   on  a 
j u m b o - j e t   t r a n s p o r t   a i r c r a f t  model when t h e  spoilers are d e f l e c t e d  as  t r a i l i n g -  
v o r t e x - a l l e v i a t i o n   d e v i c e s .  

E l e v e n   f l i g h t  spoiler combinations were inves t iga t ed   and  a l l  were found 
to be e f f e c t i v e   i n   r e d u c i n g   t h e   i n d u c e d   r o l l i n g  moment on   t he   t r a i l i ng -wing  
model  by as much as  1 8  t o  67 percen t .  The l a r g e s t   r e d u c t i o n s   r e a l i z e d  were 
48 p e r c e n t   f o r   t h e   s i n g l e - s p o i l e r   c o n f i g u r a t i o n s ,  67 p e r c e n t   f o r   t h e  two-spoiler 
c o n f i g u r a t i o n s ,  65 p e r c e n t  for the   t h ree - spo i l e r   con f igu ra t ions ,   and  53 p e r c e n t  
f o r   t h e   f o u r - s p o i l e r   c o n f i g u r a t i o n .  The a s s o c i a t e d   i n c r e a s e   i n   d r a g   c o e f f i -  
c i en t   fo r   t hese   spo i l e r   con f igu ra t ions   r anged   f rom about 0.002 t o   a b o u t  0.06.  

R e s u l t s  from tests of   the  11 f l i g h t - s p o i l e r   c o n f i g u r a t i o n s  made over a 
de f l ec t ion   r ange   o f  Oo to  45O i n d i c a t e   t h a t   e s s e n t i a l l y  a l l  o f   t he   r educ t ion  
in   i nduced   ro l l i ng  moment on   the   t ra i l ing-wing   model  was r e a l i z e d  a t  a spoiler 
d e f l e c t i o n   o f  45O f o r   s i n g l e - s p o i l e r   c o n f i g u r a t i o n s ,  30° f o r  two-spoiler con- 
f i g u r a t i o n s ,  and 15O fo r   bo th   t he   t h ree -   and   fou r - spo i l e r   con f igu ra t ions .  
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O f  t h e  11 f l i g h t - s p o i l e r   c o n f i g u r a t i o n s   i n v e s t i g a t e d ,   t h e  most promising 
c o n f i g u r a t i o n  for t r a i l i ng -vor t ex   aba temen t   on   t he   j umbo- j e t   a i r c ra f t  appears 
t o  b e   t h e , t h r e e   i n b o a r d   f l i g h t  spoilers d e f l e c t e d  15O. This   con f igu ra t ion  
reduced   induced   ro l l ing  moment on  the  t ra i l ing-wing  model  by 65 percent   and  
i n c r e a s e d   d r a g   c o e f f i c i e n t   o n   t h e   t r a n s p o r t   a i r c r a f t  model by about  0.012 a t  
a trim l i f t   c o e f f i c i e n t  of 1.2. 

Langley  Research  Center 
Nat ional   Aeronaut ics   and  Space  Adminis t ra t ion 
Hampton, VA 23665 
March 5, 1979 
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TABLE  11.-  HORIZONTAL-TAIL  INCIDENCE  AND  DRAG  COEFFICIENT  FOR  FLIGHT-SPOILER-SEGMENT  COMBINATIONS 

INVESTIGATED  AT  CL,  trim = 1 .2 

t Spoiler  segments Spoiler  deflection,  deg 

Left  wing 45 30 15 7.5 0 Right  wing 
I I 

CD,trim I it,trimr 1 CD,trim 
deg 

I 1 

0.21 84 11 '1 -1 . 5  
' -1 .o 

-.9 

-. 5 
, "" 

x i x  x ! / x  X I X  
X ' X  x , x   x . x  x x 

x x x x  
' , x , x  x x X I X ,  

I -1 .o 0.2208 -. 5 
-1 .o .2256 ' 0 

1 -.8 .2244 -. 2 
-1 . o  

.2217 -.9 .2308 0 
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.2215 -1 .o .2291 -1.5 

.2290 .2 .2380 1 . o  

.2330 1 .o .2480 2.0 

.2313 1.5 .2610 2.0 

.2298 -. 5 .2390 0 

.2307 1 .o .2525 1 .o 

.2283 .2 .2403 .8 

CD,trim 1 

0.2355 
.2454 
.2407 
.2395 
.2515 
.2658 
.2772 
.2552 
.2740 
.2566 
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Wing 

Span, m 1.79 
Mean  aerodynamic  chord, m 0.25 
Root chord, m 0.497 
Tip  chord, m 0.121 
Sweepback at quarter  chord, deg 37.5 
Area,  m2 0.460 
Aspect  ratio 6.96 

Fuselage 

Length, m 2.06 

Horizontal  tai l  

Span, m 
Area, m2 
Asped  rat io 

0.664 
0.123 
3.6 

" 

ri72I4 

Moment  reference 

~ 

Figure 1 .- Three-view sketch of transport  aircraft model with flaps retracted. Linear 
dimensions are i n  meters. 



Figure  2.- T r a n s p o r t   a i r c r a f t  model i n   t h e  Langley V/STOL tunnel .  
L-78-3587 



"""- 

Figure 3. -  Sketch  of  flight-spoiler  segments on transport  aircraft  model. 
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L-79-122 

(a)  Spoiler  segments 1 ; 1 and 2; 1 ,  2, and 3: and 1 ,  2, 3, and 4 deflected 45O. 

Figure 4.- Flight-spoiler configurations  on  transport  aircraft model. 



L-79-123 
(b) Spoiler segments 4; 3 and 4 ;  2, 3, and 4;  and 1 , 2, 3, and 4 deflected 45O. 

Figure 4.- Continued. 



L-79-124 
(c) Spoiler segments 1 and 2 ;  1 and 3;  2 and 4; and 3 and 4 d e f l e c t e d  45O. 

Figure  4.- Concluded. 



Figure 5.- Photograph  and  dimensions of unswept  trailing-wing model  on traverse  mechanism. 
d Model has NACA 001 2 airfoil  section. 
4 



a ,  

cD 

,deg 

.4 1.c 

(a) L i f t  and d r a g   c o e f f i c i e n t s .  

0 

Figure  6.- E f fec t   o f   de f l ec t ion   ang le   o f   f l i gh t - spo i l e r   s egmen t  1 on longi-  
t u d i n a l   a e r o d y n a m i c   c h a r a c t e r i s t i c s  of t r a n s p o r t   a i r c r a f t  model. it = Oo; 
l a n d i n g   f l a p   c o n f i g u r a t i o n ;   l a n d i n g   g e a r  down. 
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Figure 6.- Concluded. 
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0" 

(a)  L i f t  and d r a g   c o e f f i c i e n t s .  

F igure  7.- Effec t   o f   de f l ec t ion   ang le   o f   f l i gh t - spo i l e r   s egmen t  2 on longi -  
t u d i n a l   a e r o d y n a m i c   c h a r a c t e r i s t i c s   o f   t r a n s p o r t   a i r c r a f t  model. it = 00; 
l a n d i n g   f l a p   c o n f i g u r a t i o n :   l a n d i n g   g e a r  down. 
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Figure 7 .- Concluded. 

21 



a 
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1.0 1;2 1.4 1.6 1.8 2.0 

C L  

(a)  L i f t  and d r a g   c o e f f i c i e n t s .  

F igure  8.- Effec t   o f   de f l ec t ion   ang le   o f   f l i gh t - spo i l e r   s egmen t  3 on longi -  
t u d i n a l   a e r o d y n a m i c   c h a r a c t e r i s t i c s   o f   t r a n s p o r t   a i r c r a f t  model. it = Oo; 
l a n d i n g   f l a p   c o n f i g u r a t i o n ;   l a n d i n g   g e a r  down. 
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F igu re  8.- Concluded. 
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cL 

(a) Lift and  drag coefficients. 

Figure 9.- Effect  of deflection  angle of flight-spoiler segment 4 on longi- 
tudinal aerodynamic characteristics of  transport  aircraft model. it = 00; 
landing flap  configuration; landing gear down. 
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C L  

(a)  Lift and drag coefficients. 

0 

and 2 Figure 10.- Effect  of deflection  angle of flight-spoiler segments 1 
on longitudinal  aerodynamic  characteristics of  transport  aircraft model. 
it = Oo; landing flap configuration;  landing gear down. 
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Figure 10.- Concluded. 
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cL 

(a)  Lift and drag  coefficients. 

Figure 11.- Effect  of  deflection  angle  of  flight-spoiler  segments 
and 3 on  longitudinal  aerodynamic  characteristics  of  transport 
model. it = Oo; landing  flap  configuration;  landing  gear down. 
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Figure 12.- Effect  of  deflection  angle  of  flight-spoiler  segments 1 ,  2, 3, 
and 4 on  longitudinal  aerodynamic  characteristics of transport  aircraft 
model. it = Oo; landing  flap  configuration;  landing gear down. 
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Figure 12.- Concluded. 
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0 

Figure  13.- E f f e c t   o f   d e f l e c t i o n   a n g l e   o f   f l i g h t - s p o i l e r   s e g m e n t s  3 and 4 
on l o n g i t u d i n a l   a e r o d y n a m i c   c h a r a c t e r i s t i c s   o f   t r a n s p o r t   a i r c r a f t  model. 
it = 00; l a n d i n g   f l a p   c o n f i g u r a t i o n ;   l a n d i n g   g e a r  down. 
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(a) L i f t  and   d rag   coe f f i c i en t s .  

F igu re  14.-  E f f e c t  of d e f l e c t i o n   a n g l e   o f   f l i g h t - s p o i l e r   s e g m e n t s  2,  3,  and 4 
on l o n g i t u d i n a l   a e r o d y n a m i c   c h a r a c t e r i s t i c s   o f   t r a n s p o r t   a i r c r a f t  model. 
it = Oo; l a n d i n g   f l a p   c o n f i g u r a t i o n :   l a n d i n g   g e a r  down. 

34 



.4 

.2 

0 

Cm 

-.2 

-.4 

-.6 

il 

il 
t 

-5 I 

.4 

.2 

0 

Cm 

-.2 

- .4 

-. 6 -. 2 

0 5 IO 
a ,dt '9 

15 

.2 

T 
1 a 

T 
T 
- I 
.6 

20 25 

I 
0 
0 

n 
L 

0 

.8 
P 

1 . V  

SI 
I 

0" 
0" 
0" 
00 
0" 

Deflection of 1 
i l e r  Segments 

2 1 3 1 4  
0" 0" 

7.5' 

Pitching-moment  coefficient. 

Figure 14.- Concluded. 

I .6 1.8 2.0 

35 



a 

cL 

(a)  Lift and drag  coefficients. 

Figure 15.- Effect of deflection  angle of flight-spoiler segments 1 and 3 
on longitudinal aerodynamic characteristics of  transport  aircraft model. 
it = Oo; landing flap configuration: landing  gear down. 
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(b) Pitching-moment  coefficient. 

Figure 15.- Concluded. 
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(a) Lift and drag coefficients. 

Figure 16.- Effect of deflection  angle of flight-spoiler segments 2 and 4 
on longitudinal aerodynamic characteristics of  transport  aircraft model. 
it = Oo; landing flap configuration;  landing gear down. 
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(b) Pitching-moment  coefficient. 

Figure 16.-  Concluded. 
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0 Spoiler  segment 2 

Spoiler  segment 3 
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Figure 17.- Variation  of  trailing-wing  location  and  rolling-moment  coefficient 
with  flight-spoiler  deflection  for  flight-spoiler  segments 1; 2; 3; and 4. 
Trailing-wing model located 7.8 transport  wing  spans  behind  transport air- 
craft  model; C~,trim = 1-20 
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Figure 18.- Variation of trailing  wing  location  and  rolling-moment  coefficient 
with  flight-spoiler  deflection  for  flight-spoiler  segments 1 ;  1 and 2; 
1 ,  2, and 3; 1, 2, 3 ,  and 4. Trailing  wing  model  located 7.8 transport 
wing spans behind  transpprt  aircraft  model;  CL,trim = 1.2. 
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Figure 19.-  Variation  of  trailing  wing  location  and  rolling-moment  coefficient 
with  flight-spoiler  deflection for flight-spoiler  segments 4; 3 and 4; 2, 3,  
and  4; 1, 2, 3 ,  and 4. Trailing  Wing model  located 7.8 transport  wing  spans 
behind  transport  aircraft  model; C~,trim = 1.2 .  
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Figure 20.- Variation of trailing  wing  location  and  rolling-moment  coefficient 
with  flight-spoiler  deflection  for  flight-spoiler  segments 1 and 2; 1 and 3; 
2 and 4; 3 and 4. Trailing  wing  model  located 7.8 transport  wing  spans 
behind  transport  aircraft  model; C~,trim = 1.2. 
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