
, ,  . .  

CONFIDENTIAL COPY 
RM  L57F1 

RESEARCH MEMORA.NDUM 

INVESTIGATION O F  THE LOW-SPEED  PERFORMANCE AND 

STATIC LONGITUDINAL STABIUTY AND CONTROL CHARACTERSSTICS 

O F  A- 60' DELTA-WING-BODY-TAIL  COMBINATION WITH BLOWING 

OVER TRAILING-EDGE FLAPS 

By William I. Scallion and Michael D. Cannon 

FOR AERONAUTICS 
WASHINGTON 

July 29, 1957 

CONFIDENTIAL 



3 117601438 1074 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 
" 

INVESTIGATION OF THE LOW-SPFED  PERFORMANCE AND 

STATIC LONGITUDINAL STABILITY AND CONTROL CHARACTERISTICS 

OF A 60° DELTA-WING-BODY-TAIL COMBINATION W I T H  BLOWING 

OVER  TRAILING-EDGE  FLAPS 

By William I. Scallion and  Michael D. Cannon 

SUMMARY 

An investigation w a s  made i n  the Langley full-scale tunnel to   de t e r -  
mine the   e f fec ts  of boundary-layer  control by  blowing over  trailing-edge 
f l aps  on the low-speed gerformance  and s t a t i c   l ong i tud ina l   s t ab i l i t y  
character is t ics  of a 60 delta-wing-body-tail  combination  incorporating 
var iable   f lap  posi t ioning and  leading-edge  devices. The tes t  Reynolds 
number was approximately 2.8 x lo6 and the Mach number w a s  0.12. 

Increasing  the gap  between the   f l ap  nose  and the wing had a large 
e f f e c t  on the minimum blowing required  to  achieve  unseparated  flow on the 
f lap ;  however, with  the gap sealed,  the blowing  requirements were not 
appreciably  affected  by  moderate  variations  in  vertical-flap  position 
with  respect   to   the blowing je t .  The l i f t  increments  produced by blowing 
over  semispan f l a p s  were close  to  calculated  theoretical   values.  Leading- 
edge separation  reduced  the l i f t  increments  produced by f lap   def lec t ion  
and  boundary-layer  control; however, with  full-span  leading-edge  devices 
the l i f t  increments were maintained t o  maximum l i f t .  

With boundary-layer  control  and a fixed  horizontal  t a i l ,  sa t i s fac tory  
long i tud ina l   s t ab i l i t y  was obtained  only  with  the t a i l  located below the 
wing chord  plane. The long i tud ina l   s t ab i l i t y  of the model with  high t a i l  
locations was improved by free f loa t ing   the  tai l ;  however, the spanwise 
var ia t ion of downwash across  the t a i l  caused  nonlinear  characteristics. 

The data   indicate   that   s ignif icant   reduct ions can be made i n  landing 
a t t i t u d e s  and  approach  speeds  on  delta-wing aircraft using  boundary-layer 
control  and a horizontal  t a i l  f o r  trim. 
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INTRODUCTION 
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Signi f icant   ga ins   in  low-speed  performance  of  swept-wing airplanes 
have  been indicated by the application  of  boundary-layer  control by 
blowing  over  trailing-edge  flaps  (refs. 1 and 2 ) .  The rea l iza t ion   of  
la rge  l i f t  increases  obtainable  with  boundary-layer  control, however, 
requi res   g rea t   care   in  the treatment  of  leading-edge stall  control  and 
i n  providing.  for a sui table   horizontal- ta i l   design  for   acceptable   longi-  
t u d i n a l   s t a b i l i t y  and trim. 

The boundary-layer-control  research program i n   t h e  Langley fu l l - sca le  
tunnel has been  extended t o  include a 600 delta-wing-tail  configuration. 
The purposes  of  this  investigation were t o  determine  the  gains i n  low- 
speed  performance made possible by a blowing f l a p  and t o  what extent a 
rearward-located t a i l  could be u t i l i z e d  on  such a configuration.  In v i e w  
of   the   longi tudina l   ins tab i l i ty  known t o  exist f o r   c e r t a i n  rearward fixed- 
t a i l  locations  on  low-aspect-ratio wing co&igurations  (for example, see 
r e f s .  3 and 4 ) ,  it w a s  reasoned  that one possible   solut ion t o  this problem 
would  be t o   u t i l i z e  a free-f loat ing  tab-control led t a i l  which would tend 
t o  reduce  the  effect   of  variation of downwash angle  with  angle of  a t t ack  
on the tai l .  

Aerodynamic forces and moments were obtained in   the  angle-of-at tack 
range  of -0.3' through the angle   for  maximum l i f t .  The test  Reynolds num- 
ber was 2.8 x 10 and the  Mach  number was 0.12. 6 

COEFFICTENTS AND SYMBOLS 

Figure 1 shows the  system of  axes  used  and the pos i t ive   d i rec t ion  of 
forces,  moment, and  angular  displacement. 

CL l i f t  coeff ic ient ,  - L i f t  
qcas 

ACL increment of l i f t  coef f ic ien t  due to   f l ap   de f l ec t ion  and 
blowing  over  the  flaps 

CD 

'm 

drag  coefficient,  - mag 
qoos 

pitching-moment coeff ic ient ,  Pitching moment 
%SF 
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C 

- 
C 

X ’  

z 

A 

W 

Pm 

Vm 

V 

P 

rate  of  change  of  pitching-moment  coefficient  with  respect 
to  lift  coefficient  at CL = 0 

wing  chord,  parallel  to  plane  of  symmetry, ft 

mean  aerodynamic  chord, 
S 

C%y, ft 

wing  span,  ft 

wing  area, sq ft 

longitudinal  distance  from  model  pitch  center  to  pivot  of 
horizontal  tail,  ft 

longitudinal  distance  from  nose  of  model,  in. 

distance  along  vertical  axis,  measured  from  model  center 
line,  ft 

aspect  ratio 

momentum  coefficient , 

weight  rate  of  flow,  lb/sec 

acceleration  of  gravity, 32.2 ft/sec2 

.jet  velocity  assuming  isentropic  expansion, 

Y L J 

2 
free-stream  dynamic  pressure, - pmvm , lb/sq  ft 

2 

mass density  of  free-stream  air,  slugs/cu  ft 

free-stream  velocity,  ft/sec 

velocity,  knots 

local  static  pressure, lb/sq ft 
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PC9 

P t  

R 

T 

7 

a 

6f 

it 

L/D 

W 

r 

free-stream stat ic   pressure,   lb /sq f t  

t o t a l   p r e s s u r e   i n  wing duct,  lb/sq f t  

gas  constant  for air, 1,716 f t -1b 
slug-OR 

temperature i n  wing duct, OR 

r a t io   o f   spec i f i c   hea t s ,  1.4 f o r  a i r  

angle  of  attack  of wing chord l i ne ,  deg 

angle of f lap   def lec t ion   wi th   respec t   to  wing chord 
l i n e ,  deg 

horizontal  t a i l  incidence  angle  with  respect  to wing 
chord  l ine,  deg 

l i f t - d r a g   r a t i o  

airplane  gross  weight, l b  

radius,   in.  

MODEL AND TESTS 

The model used in   t h i s   i nves t iga t ion  had a 60' delta plan-form wing 
mounted symmetrically on a fuselage of circular  cross  section  of  f ineness 
r a t i o  10. The wing had  an  aspect  ratio of 2.31 and NACA 65~006 a i r f o i l  
sec t ions   para l le l   to   the   p lane   o f  symmetry. A wing thickness  of 6 percent 
w a s  chosen as a minimum thickness  consistent  with  the model s i z e   t h a t  would 
allow fo r   su f f i c i cn t   i n t e rna l   duc t ing  and a mechanically  feasible  adjustable 
s l o t   f o r   e j e c t i n g  air over  the  flaps.  Figure 2 presents a general  layout of 
the model with  pertinent dimensions  and a l i s t  of the  fuselage  coordinates. 
A photograph  of  the model i s  presented  in   f igure 3 .  

The model w a s  equipped  with  plain  trailing-edge  controls  having  an 
approximately  constant  nose  radius and  hinged a t  approximately  the 
88-percent  wing-root-chord  position.  Figure 2 shows the   f l ap  divided in to  
two segments a t  the 0.36 semispan station;  the  inboard segment was desig- 
nated as the semispan f l a p  and the  outboard segment w a s  a horn-balance 
ai leron.  Both  segments def lected  a l ike  const i tuted a ful l -span  f lap.  The 
use of a horn-balance  aileron  prevented a longer  span blowing s l o t  as seen 
i n   f i g u r e  2. An adjustable f l a p  hinge  provided  various  vertical and hori- 
zontal   posi t ions  re la t ive  to   the  blowing-jet   center   l ine and the   f l ap  nose, 
as shown i n   f i g u r e  4. - 
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A i r  supply f o r  the  boundary-layer-control (BLC) system  originated 
from an  external  source  and was ducted  to  the  f laps  through  the model 
suppor t   s t ru t .  This s t r u t  divided in to  a Y a t  the  top  with two outboard- 
opposing  right-angle  ducts,  each  supplying a separate wing panel. The 
model was a t tached   to  a strain-gage balance which was supported between 
the Y-shaped sect ion  of   the  s t rut .   Flat   c i rcular   labyrinth seals a t  the 
juncture  of  the wing panels  and  the Y-shaped sec t ion   i so la ted  the wing 
panels  from  the fixed supply  ducts. The boundary-layer-control air was 
discharged  over  the  flap from a s lo t   l oca t ed  as shown i n   f i g u r e  4. The 
s lot   construct ion  incorporated a se r i e s  of  adjusting  screws  by means of 
which t h e   s l o t  gap  could be varied  over a range  from 0 t o  approximately 
0.030 inch. 

Two separate  leading-edge  configurations  (fig. 5 )  were provided  for 
invest igat ion on the model during  the tes t  program  and were designated 
leading  edge A and B, respectively.  Leading edge A was a leading-edge 
extension  device  with an approximate  constant  chord  and it was twisted 
along  the  span. Leading-edge B was an  extended  leading-edge  device  with 
a tapered  chord  and a constant  droop  along  the  span. 

Figure 6 shows the two hor izonta l - ta i l   p lan  forms t h a t  were t e s t ed  
on the model. The area of  each t a i l  was 20 percent  of  the  total  wing 
area and the  aspect   ra t ios  were 2.31  and 3.00, respect ively,   for   the 
de l t a  and  unswept ta i ls .  They were mounted on an  adjustable   ver t ical  
s t rut   a l lowing  var ia t ion of posit ion  horizontally and ver t ica l ly .  Both 
t a i l s  were pivoted  on a shaft s o  they  could be used i n  either a f ixed  or 
floating  condition. Each configuration was tested independently of the 
model to  determine the f loat ing  character is t ics   about   the chosen pivot  
point.  The delta t a i l  w a s  found t o  be unstable a t  high t a i l  angles  of 
a t tack,  and a permanent center tab with zero  deflection was at tached  to  
the   t r a i l i ng  edge i n  order   to  improve the   f loa t ing   charac te r i s t ics .  
(See f i g .  6.) 

The model w a s  tested  through  an  angle-of-attack  range  of -0.3O t o  
34.8' a t  zero yaw for various  f lap  deflections and  leading-edge stall- 
control  devices. A f e w  tests were made with a full-span  f lap  configura- 
t ion,   but  the bulk of the t e s t ing  was as a semispan  configuration  with 
the  a i lerons  neutral .  For the  boundary-layer-control tests the  values  of 
blowing momentum coefficient  ranged from 0 t o  0.14  and the  corresponding 
pressure  ra t ios  pt/p, were 0 t o  approximately 3.63. Tests were made 
with  the  horizontal  t a i l  a t  s ix  different   locat ions,  as shown i n   f i g u r e  2, 
f o r  it = Oo with and without  f lap  deflection and  boundary-layer  control. 
Tests were a l so  made f o r  t a i l  deflection  angles of Oo, -15O, and -30' a t  
the low rearward t a i l  location. The delta t a i l  and the unswept t a i l  were 
tested free f loa t ing  a t  the high  forward  location  with  several   traii ing- 
edge trim-tab deflections.  The de l t a  t a i l  was deflected by using two 
outboard  preset tabs as shown i n   f i g u r e  6, and  an  alternate  center tab 
was a l so  used. The center tab was of  the same s i ze  as the permanent 



s t ab i l i z ing  tab and it w a s  attached i n  the same locat ion,   and  this  formed 
a s p l i t  tab.  (See inset A, f i g .  6. ) The unswept t a i l  was deflected by  a 
single preset   center  tab. All t e s t ing  was conducted a t  a Reynolds number 
of  approximately 2.8 X lo6 based on the wing mean aerodynamic  chord and 
the Mach number was about 0.12. 

Aerodynamic forces and moments were obtained by use  of a s ix-  
component i n t e rna l ly  mounted strain-gage  balance  system. The weight-rate 
flow  delivered  to  the  boundary-layer-control  system was measured  by an 
o r i f i ce  meter ins ta l led   in   the   supply   l ine ,  and  temperatures and pres- 
sures  for  slot-flow  calculations were  measured  by thermocouples and 
shielded  total   pressure  tubes,   respect ively,   in   the wing plenum chamber. 

Computations were made f o r  j e t  boundary (ref. 5 )  and buoyancy correc- 
t ions,   but were found t o  be negligible and were not  applied. 

A correction  for  stream  misalinement of -0.3' was applied  to  the  data.  
The drag data were corrected  to compensate for   obtaining  the blowing air 
from an  external  source by adding  an  increment  equal t o  w h V m .  

gos 

RESULTS AND DISCUSSION 

Flap L i f t  Character is t ics  a t  Zero Angle of  Attack 

Effect of f lap   pos i t ion ,  nose  gap,  and s lot   configurat ion.-  The 
r e su l t s  of preliminary  studies made with  the  full-span-flap  'configuration 
t o  determine  an optimum flap-slot   re la t ionship -for u s e   i n  t h e  remainder 
of t h e   t e s t  program a re  summarized i n   f i g u r e   7 ( a ) .  These resul ts   indicate  
that the   e f fec ts  of f l ap   pos i t i on   i n   r e l a t ion   t o  %he blowing j e t   a r e  
g rea t e s t   i n   t he  low Cp range where reattachment of the  f lap boundary 
layer  i s  involved. An appreciable  variation  in minimurh Cp for  f low 
reattachment  (indicated by the  portion  of  the  curve  for which the   r a t e  
of increase  of ACL with C,, markedly.decreases)  occurred  for  moderate 
var ia t ions   in   f lap   pos i t ion  and a very  large  effect  i s  shown fo r   t he  
extremely low posit ion  with  the nose gap unsealed. For  the more normal 
posit ions  (posit ions 1, 2, and 3 )  where the  flap  contour i s  approximately 
tangent   to   the   j e t   cen ter   l ine  o r  the wing contour,   the  variation  in s i z e  
of the nose  gap  appears t o  be the predominant f ac to r   r e f l ec t ed   i n   t he  Cp 
required for flow  reattachment. The blowing je t  tended t o  induce air  flow 
through  the gap and  higher  blowing-jet  energy was required  to overcome the 
mixing losses  associated  with  the induced air flow.  This i s  substantiated 
by the   da t a   fo r   t he   f l ap   i n   t he  low posi t ion  (posi t ion 4)  which w a s  
ineffective  with  the nose  gap open bu t  with  the  nose gap sealed, it was as  
e f f i c i e n t  as the  posi t ion where the nose  gap was closed  (posit ion 2 ) .  



Some l imi ted   t es t s  were made with  the blowing s l o t  tapered from root 
t o   t i p   t o  produce a constant C p  distribution  based on loca l  wing chords; 
however, these   resu l t s   ( f ig .  7 (a ) )  indicated  that   the   constant   height   s lot  
which produced a jet  distribution  proportional  to  the  constant  chord  flap 
was somewhat be t t e r .  The remainder of t h e   t e s t  program was conducted  with 
a constant   height   s lot   wi th   the  f lap  set   in  a ver t ical   posi t ion  corre-  
sponding to   pos i t ion  3 moved forward so that   the  gap between f l a p  nose  and 
wing shroud was approximately  0.0011~. 

Effect of  blowing  on flap  effectiveness.-  The r e su l t s  of tests t o  
evaluate  the  effects of  blowing on several  flap  configurations a t  a = 0 
fo r  a range of f lap  def lect ions  are   presented  in   f igures  7(b)  and 7(c) .  
These resul ts   are   general ly  similar to  those of other  investigations 
( for  example, r e f .  1) i n   t h a t   f o r   a l l   f l a p   c o n f i g u r a t i o n s   s i z e a b l e   i n i t i a l  
gains i n  l i f t  coeff ic ient  ACL are  obtained  with  relatively small momentum 
coeff ic ients .  This init ial   high  blowing-jet   effectiveness i s  associated 
w i t h  elimination of flow  separation on the  f lap by reenergizing  the 
boundary layer.  A reduced r a t e  of increase  in  QCL occurred wi th  fur ther  
increases   in  momentum coeff ic ient  beyond the  point where flow  reattached. 
This fur ther   increase  in  l i f t  i s  attr ibuted  in  part   to  an  induced  loading 
over  the  forward and outboard  portions of the wing and pa r t ly  t o  the com- 
ponent of j e t  momentum react ing  in   the l i f t  direction. 

Observation  of wool tufts on the  surfaces of the  ful l -span  f lap con- 
f igura t ion   ind ica ted   tha t   for   the  45' or  60' deflections  the  horn  balance 
had  a large  detrimental   effect  on the  overall  effectiveness of the   f lap  
and tha t   the  l i f t  gains shown i n   f i g u r e  7(b)  were not as high  as might 
be obtained. The horn-balance t i p  (over which  blowing was not  applied) 
was s t a l l ed ,  and, in  addition,  the  surface  discontinuity  created by the 
horn  caused  separation on  a portion of the   f lap  even with blowing applied. 
The r e su l t s  of l a t e r  tests made with  the  horn  balance removed (diamond 
symbols i n   f i g .  7 (b ) )  showed a marked improvement in   the  effect iveness  of  
this configuration. The data  for  the semispan f l a p   ( f i g .   7 ( c ) )  showed 
that the   ga ins   in  CL a t ta ined  by blowing over  the  flap  increased  with 
f lap  def lect ion and  the momentum coeff ic ient   required  to   a t ta in  flow 
attachment  also  increased. As an example, the l i f t  increment due t o  
blowing (ACL with blowing minus ACL a t  CP = 0)  on the 35' f l ap  was 
about  one-half that for   the  600 f l ap  and flow  cleanup w a s  a t ta ined  with 
momentum-coefficient values of approximately 0.004 and 0.01, respectively.  
This would be expected  considering  the more deteriorated  flow  condition 
existing  for  the  higher  f lap  deflections.  

Comparison with  theory.- A comparison of the   f lap  lift increment 
produced  by  blowing sufficient  to  reenergize  the boundary layer on the 
~ 

f laps   with  the  calculated l i f t  increment due to   f lap   def lec t ion   (ca lcu-  
lated by theore t ica l  method  of r e f .  6) is presented  in  figure 8. The 
calculated  values were based  on  the  theoretical  values  of  the two- 
dimensional flap-effectiveness  parameter (a obtained by replacing 
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the   r a t io  of f lap   chord   to  wing chord  with a r a t i o  of f l a p  area t o  w i n g  
exposed area. The symbol po in t s   i n   f i gu re  8 correspond to   t he   t i ck  
marks  on the  curves  of  figures 7(b) and 7( c )  . The experimental  semispan- 
f l a p  l i f t  increments a t  the  lower  flap  deflections  agreed  reasonably  well 
with  those  predicted by the  theory. The reduced  effectiveness a t   t h e  
higher  f lap  deflections i s  at t r ibuted  to   f low'dis turbances a t  the  ends of 
the  f lap.  The experimental l i f t  increments  produced  by  the  full-span 
flaps  with  the  horn  t ips  (aspect  ratio,  2.31) were much less than  the 
theoretical  increments, as would be expected  from  the  observed  flow 
interferences.  With the  horn  t ips removed (aspect   ra t io ,  1.47), the 
experimental  value was somewhat c loser   to  that predicted by the  theory. 

Tail-Off  Characteristics 

Basic  model, f laps   neutral . -  The longi tudinal   character is t ics  of the 
basic model are   presented  in   f igure 9. The basic  model with  plain  leading 
edges a t ta ined  a maximum l i f t  coeff ic ient  of 1.12 a t  an angle  of  attack 
of 32' ( f ig .  9 (a) )  and  the model was longi tudinal ly   s table   to   the stall.  
The addition of the  full-span twisted leading-edge  chord-extension 
(leading edge A )  delayed  the  formation of  the  leading-edge  separation 
vortex,  increased  the m a x i m u m  l i f t  coef f ic ien t   to  1.33 a t  an  angle .of 
a t tack of 34.8O, and  except a t  low l i f t  coefficients  reduced  the  drag  for 
a given l i f t  coeff ic ient .  

Semispan flaps  deflected.-  The longitudinal  data  obtained  for  the 
var ious  f lap  def lect ions  are   presented  in   f igures  10, 11, and 12. Exami- 
nation .of the data indica tes   tha t  from consideration  of  drag and obtain- 
able maximum l i f t  the 35' and 45O flap  deflections  appear  to be near  the 
optimum fo r  this wing configuration; however, the 45O f l a p  appeared some- 
w h a t  be t t e r  from the  standpoint of l i f t  a t  a given  angle of attack. The 
r e su l t s  for various  f lap  def lect ions  ref lect  similar trends and the  fol-  
lowing discussion w i l l  therefore  concentrate on the  data   for   the 45' f l ap  
deflection,  since a greater  range  of  configurations i s  ava i lab le   for   th i s  
condition. 

Deflection of the semispan f laps  45' produced a l i f t  coeff ic ient  of 
0.3 above t h a t  of the  basic model a t  zero  angle  of  attack  (fig. U(a)  ) , 
and  blowing  over  the f l aps  ( Cp = 0 .Ol7) produced  an a d d i t i o n a l   l i f t   i n c r e  - 
ment  of 0.2. A t  high  values of a there w a s  a decrease  in  l if t-curve 
slope  and  the l i f t  increment a t  maximum l i f t  was considerably  reduced. 
The decreased l i f t  and rapid  drag  increase above l i f t  coefficients  of 0.8 
are  caused by leading-edge  separation  (refs. 1 and 7 ) .  Therefore, a 
leading-edge  droop was incorporated  to  determine  whether  the l i f t  incre- 
ment could be maintained and the  drag  reduced a t  higher  angles of a t tack.  
With the  full-span  constant-chord  leading-edge  device  installed  (leading 
edge A of f i g .  5 ) ,  the l i f t  increment  obtained  by  blowing  over  the f l aps  
(CP = 0.017) was almost  constant  throughout  the  angle-of-attack  range and 



produced  a maximum lift coef f ic ien t   ( f ig .  11) of 1.59 a t  a = 29.5O w i t h  
drag  coefficients  appreciably  reduced. 

Leading-edge device A was not  considered  ideal  insofar  as  practical  
application was concerned (the  leading edge was twisted  along  the  span as 
shown i n   f i g .  5 )  so  a leading-edge  device  with a constant droop  and 
taper ing  in  chord  along  the  span was instal led  ( leading edge B)  . A s  can 
be seen,  the maximum lift coefficient  obtained  for  this  configuration was 
somewhat lower (1.48); however, the  angle of a t tack   for  maximum l i f t  i n  
e i ther   case i s  higher  than would probably be considered  usable  and  both 
the l i f t  and drag  coefficient  obtained were about  the same fo r   e i t he r  
leading-edge  device below angles of a t tack of 24'. 

As was expected,  deflection of the semispan f laps  produced a large 
negative  increment i n  pitching-moment coefficient.  Blowing over  the 
semispan f laps  ( Cp = 0 .Ol7) added  a further  negative  increment  in 
pitching-moment coeff ic ient  a t  approximately -0.10 through  the l i f t -  
coefficient  range. 

A comparison of the  data  for  identical   configurations  in  f igure l l ( b )  
showed that a t  the  higher l i f t  coeff ic ients  blowing over  the semispan f laps  
decreased  the  drag. This'is due in   par t   to   the  difference  in   configurat ion 
prof i le  and parasite  drag  since  the  angle of a t tack of  the model f o r  a 
given l i f t  coefficient  with blowing  over  the  flaps i s  about 8' less   than 
tha t   for   the  same configuration  without blowing. 

A t  low to  moderate l i f t   c o e f f i c i e n t s  (between CL = 0.5 and 
CL = 0.88) ,  blowing over  the semispan flaps  increased  the  drag  coefficient. 
The e f f ec t  of  blowing over  the  flaps on drag a t  low l i f t  coeff ic ients  (or 
where extensive wing separation has not  occurred) i s  primarily dependent 
upon the  span of the  flap  over which the blowing i s  applied and the  f lap 
deflection. The increase  in  drag on the model i n   t h i s  case  ( the  data  in 
f i g .  l l ( b ) )  i s  associated  with  the  increased  effectiveness  of  the  short 
semispan f l ap  which produced a la rge   d i s tor t ion   in   the  wing-span load dis- 
t r ibu t ion  and,  consequently,  an  increase in   t he  induced  drag. Data (not 
presented  herein)  for  the model of this   invest igat ion showed tha t ,  a t  the 
lower l i f t  coeff ic ients ,  blowing (a t   the  same  momentum coeff ic ient  as on 
the semispan f laps)   over   the  ful l -span  f laps   (def lected 45O) reduced  the 
drag of the  full-span-flap  configuration. This is also shown in   the   da ta  
for   the model of  reference 1. 

Tail-On Characterist ics 

Tail   f ixed.-  The e f f ec t s  of horizontal- ta i l   posi t ion on the  longi- 
t ud ina l   s t ab i l i t y  of the model with  the  f laps  neutral ,  semispan f l aps  
deflected 45O, and  with  blowing  over  the  semispan  flaps  are shown i n  
f igure 13. 
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With the   f laps   neut ra l ,  the model was longi tudinal ly  stable through 
the complete l i f t -coef f ic ien t  range f o r  t a i l  locations 0.23E above and 
0.14c' below the wing chord  plane. (See f i g s .  l3(a), (b) ,   (d) ,  and (e ) . )  
For the  higher t a i l  locations (0.5OE above the  wing chord  plane),  the 
model was unstable a t  the  higher l i f t  coeff ic ients . .  (See f i g s .   l 3 ( c )  
and ( f ) . )  

Deflection  of  the  semispan  flaps 4 5 O  reduced  the  longitudinal sta- 
b i l i t y   o f   t he  model w i t h  the tai ls  located above the  wing chord  plane 
(by  increasing  the w i n g  downwash in   the   reg ion  of the t a i l )  f o r  l i f t  
coeff ic ients  above  approximately 0.8. (See f i g s .  l 3 (b ) ,  (e ) ,  (e ) ,  and 
( f ) . )  Application of  blowing  over the def lected  f laps   fur ther   increased 
the downwash a t  the ta i l  t o  the ex ten t   tha t   the   on ly   sa t i s fac tory  t a i l  
posi t ions from the  standpoint of l ong i tud ina l   s t ab i l i t y  were those below 
the wing chord  plane.  (See  figs. 1-3 (a) and (d )  . ) 

The ef fec ts   o f   hor izonta l - ta i l   def lec t ion  on the  longitudinal  char- 
a c t e r i s t i c s  of the model with  the t a i l  located 0.14C below the wing chord 
plane  and 2.0C behind  the  pitch  center  are shown i n   f i g u r e  14. The t a i l  
had adequate power t o  trim the  model through  the  angle-of  -attack  range. 
(See f i g .  14 (a ) . )  The s t a t i c  margin of th i s ,conf igura t ion  was ra ther  
high, dCm/dCL = 0.21 (obtained from f i g .  l3(a)  for the  configuration 
wi th   f laps   neut ra l ) .  As  a result, there would be an  appreciable loss i n  
l i f t  due t o  t r i m .  The maximum trim l i f t  coeff ic ient   of   the  model with 
t h i s   s t a t i c  margin w a s  about  1.40; whereas, a r educ t ion   i n   t he   s t a t i c  
margin t o  -0.075 (with  the  f laps   neutral)  would result i n  an   increase   in  
trimmed maximum l i f t  coeff ic ient   to   about  1.57. The obtainable  landing 
l i f t  coef f ic ien t  of  an  airplane  with  the low and rearward tail ,  however, 
would  depend upon the  angle  of  attack  near  the  ground  (with  adequate t a i l  
c learance)   that  might be obtained  with  this  arrangement. 

T a i l  free.- In   an   e f fo r t   t o   ob ta in   l ong i tud ina l   s t ab i l i t y  on the  
model with  the tail located above the wing chord  plane,  the  delta t a i l  
w a s  f ree-f loated a t  a posi t ion O.5OE above the wing chord  plane and l . 5 E  
behind  the  pitch  center. With this method the t a i l  would be f r e e   t o  
maintain  an  approximately  constant  attitude  and  loading  with  respect  to 
the downwash, and the detrimental change i n   s t a b i l i t y  caused by the 
overpowering  influence  of  the wing vort ices  and associated  variation  of 
downwash with  angle  of  attack would be reduced. The results of these 
tests are shown i n   f i g u r e s  15 t o  17. 

A comparison  of the   longi tudina l   s tab i l i ty   o f   the  model with the 
f laps   neutral  and w i t h  the t a i l  f ixed and t a i l  f r e e   ( f i g .  l 5 ( a ) )  shows 
tha t   l ong i tud ina l   s t ab i l i t y  was at ta ined  for   higher  l i f t  coef f ic ien ts  
with  the t a i l  free; however, the model was unstable  near maximum l i f t .  
This was a l so   the   case   for   the  model with  the  f laps   def lected and with 
blowing  over the   f laps   ( f igs .  16(a) and l7 (a ) ) .  A n  i nc rease   i n   s t ab i l i t y  
occurs  for a l l  three cases  (flaps  neutral ,   deflected,  and with  blowing) 
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a t  a l i f t  coefficient  corresponding  to  an  angle of a t tack  of approxi- 
mately 160. This  increase was quite  abrupt  (occurring  within  an  angle- 
of-attack  range of lo t o  2O)  when the tabs were def lected  for  trim on  the 
configurations  with  f laps  deflected and with blowing applied.  (See 
f i g s .  16(a) and l 7 ( a ) ) .  A comparison  of the   t a i l -of f  and t a i l - f r e e  
moment curves  indicates  that   the  free-floating t a i l  experienced  an 
increasing  posit ive l i f t  load (as shown by the  negative  increment  in Cm 
fo r   t he   f r ee  t a i l )  a t  l i f t  coefficients  corresponding  to  angles  of  attack 
above 160. As can be seen from the small p l o t s   i n   f i g u r e s  l5(a) ,  16( a ) ,  
and l7(a) ,  th i s   pos i t ive   increase   in  t a i l  loading was apparently  caused 
by a pos i t ive   increase   in  t a i l  f loa t ing  angle it, between a = 16' and 
a = 28'. This was indicat ive of a nonuniform  spanwise dis t r ibut ion  of   the 
wing downwash and dynamic pressure  across  the tai l .  Flow studies   with a 
long  streamer  in  the  region  of  the tai l  indicated  that  the  inboard  edges 
of  the wing leading-edge  separation  vortices impinged  on the   t ip   sec t ions  
of  the tai l .  This produced a posi t ive moment about  the t a i l  hinge  l ine 
and,  consequently,  produced a posi t ive t a i l  angle  of  attack  and l i f t  rela- 
t i v e   t o   t h e  downwash over  the  inboard  portion  of  the t a i l .  An accurate '  
representation of  the f low f i e l d  behind a de l t a  wing (with  the  f laps neu- 
t ra l ) ,  showing the  locat ion of the  separat ion  vortex  in  a plane  located 
in   the   reg ion   of   the   f loa t ing  t a i l  of this   invest igat ion,  i s  shown i n  
f igure 8 of  reference 8. The d i f fe rences   in  shape  of  the tail incidence 
curves  with  the tabs deflected  as shown i n   f i g u r e s  16(a) and l7 (a )  (with 
and  without  blowing on the  def lected  f laps)  may be a t t r i b u t e d   t o  changes 
i n   t h e  t a i l  s t ab i l i t y   cha rac t e r i s t i c s   a s soc ia t ed   w i th   t he   va r i a t ion   i n  
tab configurations. Because of  the  aforementioned phenomena associated 
with  the  f loat ing  character is t ics  o f  the   de l ta  t a i l ,  the maximum t r i m  
l i f t  coeff ic ient   that   could be at ta ined  with  the t a i l  f ree  and  with 
blowing  over t he   f l aps  w a s  limited t o  approximately  1.08. 

It was bel ieved  that  a f l oa t ing  t a i l  with a uniform area d is t r ibu t ion  
about  the  pivot  point  might  reduce  the  rather  abrupt  increase  in  stability, 
which r e s u l t s  from  spanwise variations  of downwash angle  over  the  delta 
t a i l .  The results of tes t s   wi th   an  unswept t a i l  of the same area as the 
de l t a  t a i l  a re  shown i n   f i g u r e  18. It can  be  seen  from this f igure  that 
the   increase   in   longi tudina l   s tab i l i ty  a t  high  angles  of  attack w a s  con- 
siderably  smaller  than that f o r   t h e   d e l t a  t a i l  and a smoother var ia t ion  
of Cm with CL was obtained; however, the  m a x i m u m  l i f t  of the  unswept 
t a i l  was less than that of the delta t a i l  and, therefore,   the model could 
not be  trimmed. 

In  v i e w  of  the  influence  of  the.longitudinal  characterist ics of the 
t a i l  i tself  and  of the  plan form of  the t a i l  on the  degree  of   s tabi l i ty  
and t r i m  that could be obtained  on  the model, fur ther   invest igat ion of 
these  factors  would be necessary i n  order  to  evaluate.more  fully  the 
character is t ics   of  a delta-wing model with a free-f loat ing tail.  
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Low-Speed Performance Characteristics 

The var ia t ion  of thrust required w i t h  v e l o c i t y   f o r  a hypothetical 
delta-wing  airplane  with a gross  weight  of 30,000 pounds  and a t o t a l  
wing area of 300 square feet  i s  shown i n   f i g u r e  19 f o r  several simulated- 
flight  landing-approach  configurations. All configurations  uti l ized a 
tail f o r  t r i m  except  for  the  configuration  using trailing-edge f l a p  con- 
t r o l s .  Tick marks are placed  on  the  curves  to  indicate  the  airplane 
at t i tudes  in   increments  of 4'. The boundary-layer-control  curve was 
calculated  for  a constant  blowing-air rate of 6 lb/sec, and  the data were 
cor rec ted   for   the   var ia t ion  of CP with  velocity,  so that  the  curve more 
nearly  represents  an  actual  f l ight  curve.  The value  of Cp representing 
completely  unseparated f low on the   f lap  would occur a t  about 134 knots 
(cP = 0.008). 

The use of  f laps  with o r  without  boundary-layer-control  has an appre- 
c iab le   e f fec t  on the  thrust   required  in   that   the   thrust   required is much 
higher  than  that  of  the  airplane w i t h  f l aps   neut ra l  or the  tailless air-  
plane. The var ia t ion  of  thrus%  required  with  velocity was decreased on 
the  flapped  configuration when boundary-layer  control was applied  (between 
a = 0' and 8 O )  and  speed  control  might be d i f f i cu l t   t o   ach ieve  because of 
the   re la t ive ly  f la t  curve i n   t h i s  range; t h a t  is ,  small va r i a t ions   i n  
th rus t   could   resu l t   in   l a rge   var ia t ions   in   speed .  

The use of boundary-layer  control  produces much slower  approach 
speeds  for a given  a t t i tude.  For example, i f  a 12' approach a t t i t ude   fo r  
the  configuration  with  boundary-layer  control were assumed, an  approach 
speed of approximately 130 knots would result; whereas,  without  boundary- 
layer  control  with a t a i l  f o r  t r i m  and flaps  deflected,  a speed  of  approxi- 
mately 1.55 knots i s  indicated.  For the tailless airplane  without  f laps 
this same a t t i t u d e  would result i n  a speed  of 209 knots. It i s  a l so  of 
interest   to   note   that   for   the  boundary-layer-control   configurat ion  the 
aforementioned  conditions (a = 12O, V = 130 knots) are reached  without 
any appreciable  increase  in  thrust  requirements as speed  reduces. However, 
a l l  other  configurations would increase  a t t i tude and f l y   w e l l  up the back 
s ide  of the power curve t o  reach a comparable  approach  speed. 

Although t h i s  limited type of analysis does not  provide a def in i te  
evaluation  of  landing  gains, it does ind ica t e   t ha t   fo r  a delta-wing air-  
plane  with a horizontal  t a i l  considerable  reductions i n  landing  a t t i tudes 
and  approach  speeds may be obtained  with a sui tably  integrated blowing- 
f l a p  system. 

CONCLUSIONS 

The results of  a wind-tunnel  investigation  to  determine  the  effects 
of boundary-layer  control by blowing  over  trailing-edge  flaps on t h e   s t a t i c  



longi tudina l   s tab i l i ty   charac te r i s t ics  of a 60° sweptback  delta-wing- 
fuselage  combination  incorporating  variable  flap  to  blowing-jet  relation- 
ships,  leading-edge  devices, and horizontal  tai ls  indicate  the  following 
conclusions : 

1. Increasing  the gap  between the   f lap  nose  and the wing had a large 
e f f ec t  on the minFmum blowing  required t o  achieve  unseparated f low on the 
flap;  whereas,  blowing  requirements  with  the gap sealed, were not  appre- 
c iably  affected by moderate var ia t ions i n  vertical   posit ioning  of  the 
f lap  with  respect  t o  the blowing j e t .  

2. Blowing over  the  semispan  flaps  produced l i f t  increments  close  to 
calculated  values; however, l i f t  increments  with  full-span  flaps were  con- 
siderably less due t o   t h e   s t a l l e d  horn-balance  flow  disturbance on adja- 
cent  outboard  flap  segments. Removal of  the  horn  balance  restored lift 
increments  close  to  the  calculated  values. 

3. Leading-edge devices  preserved l i f t  gains from boundary-layer 
control  throughout  the  angle-of-attack  range and  produced  appreciable 
drag  reduction  throughout most of the  l i f t -coeff ic ient   range.  

4. With boundary-layer  control  applied  to  the  flaps,  the  only sat- 
i s fac tory   f ixed- ta i l   pos i t ions  from the  longi tudinal   s tabi l i ty   s tandpoint  
were those below the wing chord  plane.   Stabi l i ty   character is t ics   for  
high t a i l  locations were somewhat improved  by f ree   f loa t ing   the  t a i l ,  but  
l inear   character is t ics   could  not  be obtained due to   e f fec ts   o f  spanwise 
var ia t ion i n  downwash a t  t h e   t a i l .  The plan form of  the t a i l  grea t ly  
influenced  the  degree of  s t a b i l i t y  and trim that   could be  obtained  on  the 
model. 

5. Calculat ions  for  a hypothetical  delta-wing  aircraft  based on the 
data  of  this report   indicate   that  it is  possible   to   obtain marked reduc- 
t ions   in   l anding   a t t i tude  and  approach  speeds by using  boundary-layer 
control and a horizontal  t a i l  f o r  trim. 

Langley  Aeronautical  Laboratory, 
National  Advisory  Cormittee  for  Aeronautics, 

Langley Field,  Va . ,  June 3 ,  1957. 

I -  - 
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Figure 1.- System of axes  used. Arrows indicate  positive  direction  of 
forces,  moment,  and angular displacement. 
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Figure 2 .- General  arrangement  and  principal  dimensions of the 60° delta-wing  model. (Dimensions 
are in   inches.  ) 



Figure 3 . -  Photograph  of the  delta-wing model i n   t he  Langley full-scale  tunnel.  L-92256 
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Figure 4.- Details  of  the  trailing-edge blowing s l o t  and f lap  posi t ions a t  the  inboard end of 

the   f lap .  
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normal to  the wing  leading  edge. 
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Figure 6 .- Sketches of delta  and  unswept  tail  with  trim-tab  arrangements.  (Dimensions  are  given 
in  inches.) 
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(a) Effects of position,  full-span  flaps, 6f = 45’. 

Figure 7.- Variations of LCL with CP at zero angle of attack. 
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(b) Full-span  flaps. 

Figure 7.- Continued. 
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(c) Semispan flaps, position 3 forward. 

Figure 7.- Concluded. 
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Figure 8.- Comparison  of  the  theoretical  flap  effectiveness  with  that 
obtained  experimentally. a = 0 . 0 



(a)  Lift  and  pitching  msment . 
Figure 9.- Longitudinal  characteristics of the basic model. Tai l  off; Ef = 0'. 
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(b) Drag. 

Figure 9.- Concluded. 
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(a)  Lift  and  pitching  moment. 

Figure 10.- Longitudinal  charac-teristics of the  model  with  semispan  flaps  deflected 35'. T a i l  off. 
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(b) Drag. 

Figure 10. - Concluded. 
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(a) Lift  and  pitching  moment. 

11.- Longitudinal  characteristics of the  model  with  semispan flaps deflected 45’. Tail of 



0 .I .P .3 4 .5’ .6 .7 .B .9 L O  /i/ /.2 
CD 

(b)  Drag. 

Figure 11.- Concluded. 
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(a)  Lift  and  pitching  moment. 

Figure  12.-  Longitudinal  characteristics of the  model  with  semispan  flaps  deflected 60'. Tail off. 



(b) Drag. 

Figure 12.- Concluded. 
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(a) x / C  = 2.0; z / E  = -0.14. 

Figure 13 . -  Effect of semispan-flap  deflection, blowing on semispan f laps ,  and t a i l   l o c a t i o n  on 
the  longi tudinal   s tabi l i ty  of the  delta-wing model with a 0.20s d e l t a   t a i l .  Leading edge A .  



Figure 13. -  Continued. 



( c )  x / E  = 2.0; z / E  = 0.50. 

P i p e  13.- Continued. 



w 
ch 

0 4 8 /Z I6 20 24 28 32 36 0 -,/ -.2 -,3 -.4 -.I :6 
a Gl 

Figure 13.- Continued. 



Figure 13.- Continued. 
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(f) X/: = 1.5; Z / E  = 0.50. 

Figure 13.- Concluded. 



(a)  Lift  and  pitching  moment. 

Figure 14.- Effect  of  horizontal-tail  deflection on the  longitudinal  characteristics  of  the  delta- 
wing  model  with  blowing  on  semispan  flaps.  Leading  edge A; 6f = 45'; C = 0 .Ol7; x / E  = 2 .O; 
z/E = -0.14. P 
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(b) Drag. 

Figure 14.- Concluded. 
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(a )  L i f t  and pitching moment. 

Figure 15.- Effect of f ree-f loat ing  del ta  t a i l  on the  longitudinal  characterist ics  with  the semi- 
span f laps   neutral .  Leading  edge A; cP = 0; x/C = 1.5; Z / E  = 0.50. 



(b) Drag. 

Figure 15.- Concluded. 



(a) Lift  and  pitching  moment. 

Figure 16.- Effect  of  free-floating  delta  tail  on  the  longitudinal  characteristics  with  the  semi- 
span flaps deflected 45'. Leading  edge A; Ck = 0 ;  x/C = 1.5; .z/c = 0.50. 
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(b) Drag. 

Figure 16. - Concluded. 



(a)  Lift  and  pitching  moment. 

Figure 17.- Effect  of  free-floating  delta  tail on the  longitudinal  characteristics  with  the  semi- 
span flaps  deflected 45’. Leading  edge A; C, = 0.017; x/? = 1.5; z / E  = 0.50. 
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(b) Drag. 

Figure 17.- Concluded. 
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Figure 18.- Effect  of  free-floating  unsvept  tail  on  the  longitudinal  characteristics  with  the 
semispan  flaps  deflected 4 5 O .  Leading  edge B; C IJ. = 0 .Ol7; x/E = 1.5; z / E  = 0 .",. 



Figure 19.- Comparison  of  low-speed  performance  of a hypothetical  delta-wing  airplane. 
W = 30,000 lb; W/S = 60; trimmed  with dC,/dCL, with  flaps  neutral,  reduced  to -0.075; 
x/E = 2.0; z / E  = -0.14; leading  edge A. 
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