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A wind-tunnel investigation of a high-wing airplane having 8.n aspect 
ra t io  6.75 wing w i t h  approximately so of  sweepback w a s  conducted t o  
determine the lift effectiveness  obtawable with tza i lm-edge  blowing 
f laps  in combination with lea--edge slats. 

Close t o  theoretical f l a p  effectiveness was obtained with blowing 
flaps deflected 45O, 5 5 O ,  and 65O a t  low angles of attack. Flap effec- 
tiveness and s tab i l i ty  were maintained t o  high angles of attack by control 
of le--edge f low sepazation with s la ts .  Maximum lift w a s  a function 
of leading-edge  configuration,  trailing-edge  flap  deflection  angle, and 
amount of boundary-layer control  applied. With a 55O trailing-edge flap, 
and with  a full-span simulated 24O s la t ,  maxlrmrm lift coefficient was 
increased from 2.20 boundary-layer control  off t o  2.54 with a momentum 
coefficient of 0.012 and further increased’to 2.69 with a momentum 
coefficient of 0.032. 

A n  evaluation of the  results  obtained in terms of estimated take-off 
and landing performance indicated  reductions In distance over a 3 - f o o t  
obstacle amoUnt3ng t o  35 percent on landing arid 13 t o  18 percent on 
take-off. 

INTRODUCTION 

The study a t  Ames Aeronautical  Laboratory of the use of boundaxy- 
layer  control  for  increasing Mf t  has included investigations with both 
area-suction and blowing flaps on a wide range of w i n g  plan forms,. It 
w a s  shown Fn the   tes ts  of reference 1 on an aspect r a t io  6.75 wlng with 
approximakely so of sweepback that f l a p  effectiveness and s tab i l i ty  . could be maintained t o  high angles of attack by incorporation of suitable 
leeding-eage  devices in combhation with highly deflected  area-suction 
flaps.  Since  questions uith regard t o  the effectiveness of blowing flaps . on a swept wing of high  aspect  ratio remawed unanswered, a study m a  



made  to  determine  the  effectiveness of blowing  flaps in combination  with 
various  leading-edge  slats on the same airplane  tested in reference 1. 
Since  this  airplane  incorporates  pylon-mounted  engine nacelles below and 
forward  of  the  flapped portion of the wing, a secondary  objective was to 
ascertain  the  effect of such  nacelles on the  lift  obtained  with  blaring 
flaps e 

Three-camponent  force m d  moment data are  presented. f o r  the  airplane 
equipped with various  combinations  of  leading-edge  slats in combination 
with  trailing-edge flaps. Boundary-mer-control  flow  requirements of 
the  blowing flaps are  included  for  several  deflections. All tests  were 
conducted in the 40- by &-foot  wind  tunnel of the An~s Aeronautical 
Laboratory  at a Reynolds  number of 8.2~106 based  on  the wing mean 
aerodynamic  chord. 

An evaluation of some of the  results  is  included Fn terms of esti- 
mated  take-off and landing  performance for the subject a i rp lane.  This 
evaluation  entailed  considerations of boundary-layer-control  fluw  require- 
ments,  thrust  losses,  and  matching of blowing-flap nozzle size to englne 
bleed  conditions. The methods  and assumptions used are outlined in 
Appendixes A and B. 

N O W I O N  

a acceleration,  ft/sec2 

b wing  span, ft 

AlEp cross-sectional  area of engine  tail-pipe  exit,  sq ft 

C wing  chord,  ft 

d perpendicular  distance from the  plane of the  engine  thrust axis 
to  the Z/4, it 

F engine  thruet,  lb 

Q acceleration of gravity, 32.2 ft/sec2 
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height from ground, ft 

cons-tant - 

length, ft 

inboard nose glove 

inboard slat 

outboard  slat glove 

static  pressure, ~ b / s q  ~t 

t o t a l  pressure, lb/sq f’t 

pressure  ratio 

d~mamic pressure, ~ b / s q  ft 

gas constant for air, 1716 sq ft/sec2 91 

horizontal distance, ft 

wing area, sq ft 

wing area  subtended by flaps sq ft 

time, sec 

temperature , OR 

velocity,  ft/sec 

velocity  at & 

specific  weight of air, lb/cu ft 

airplane weight or weight rate of flow, l b  or lb/sec 

spanwlse distance measured normal to plane of symmetry, ft 



4 NACA RM A57DU 
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k 
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drag coefficient, - soos 
lift  coefficient, - lift 

Q 
pitching-moment  coefficient  referred to axes joining the  quarter- - 

chord  points of the mean aerodynamic  chords of the wing panels, 
pitching  moment 

QE 

flow coefficient, - 
WV& 
W 

jet momentum  coefficient, wvs mas 
Pta - PC0 Pal - Ptld duct  pressure  coefficient, for blowing, 9oo for 

suction Qco 

airplane  angle of attack,  measured  with  respect to the  fuselage 
center  line,  deg 

ratio  of  specific  heats 

trailing-edge  flap  deflection  angle  measured in a plane normal 
to  hinge  line,  deg 

fnbmrd slat  deflection  angle  measured in a plane normal to 
hinge  line,  aeg 

Fncrement - 

engine  thrust axis inclination, deg 

angle of  flight  path  with  respect to horizontal, radians 

angle of sweepback of the  flap hinge line,  deg 

rolling or braking  coefficient of friction 

Subscripts 

B engine bleed air 

BLC boundary-layer  control 

.. . 

d fl&p duct 
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2D 

3D 

engine intake air 

gmss 

flow m€S,SUr i I lg  StatiCXl 

maximum 

net 

free stream 

tail Pipe 

take-off 

uncorrected 

vertical 

lnitial 

final 

two-dimensional 

three-dimensional 

m m  AND APPARATzls 

Airplane 

The  test  airplane w a high wing of aspect  ratio 6.75, 3 5 . ~ ~  of 
sweepback of the  quarter-chord  line,  and 831 incidence of bo. Engine 
nacelles  were below and forward of the w i n g  panels  at 0.39 semispan. 
Pertinent  geometric  details  are  listed in table I and a sketch of the 
airplane  is  presented  as  figure 1. The  angle of attack  is  referred to 
the  fuselage  center  line. 

Figure 2 is a photograph of the del mounted in the  test  section. 
The  strut  support  mounts  were  attached at the maln wheel d e s  and 
arrestor-hook  pivot point. The  bomb-bay doors, nose-wheel  door,  speed 
brakes,  and the bumper  wheel  were  Closed for a l l  tests.  The  vertical fin 

duratfon of the  test,  the w i n g  slats  were  locked in the open position, 
the  horizontal tai l  w&s set  at an incidence of -kO, and  the  elevators 

- was removed  at  the  fold  line  to  provide  safe  vertical  clearance.  For  the 

- were  locked  at 0'. The  ailerons  were  set at 1.5O trfm  setting  (trailing 
edge UP). - 



W i n g  leadiw-edw modifications. - For the 3prtion of the wing inboard 
of the  pylons, a cauibered  leading-edge  glove  designated MI (more can- 
pletely  described in ref. 1) and a demountable  slat  designated & as 
shown  in  figure 3(a)  were macle available f o r  these  tests. The inboard 
slat,  modification &, could  be  deflected 7.50t l5O, and 24'. The nor- 
mal slat  for  this  airplane  (outboard of the  nacelle pylons) could  be 
modified w i t h  a removable  glove to sfmulate a 24O slat  deflection,  hence- 
forth  designated %, illustrated  in  figure 3 (a). A photograph of t h e  
wing with  both  slat  modifications  installed  is  presented in figure 4. 

Trailing-edge flaps.- The  single-slotted  flaps norm8,lly used on t h i s  
airplane  were  replaced by the  23-percent-chord  plain flaps used in refer- 
ence 1. However,  for  this  series of tests a blowing  boundary-layer  con- 
trol  nozzle was incorporated  rather than the  previausly  used  area-suction 
screens. A simplified drawing of the  nozzle  cross  section  is s h m  in 
figure 3(b). The  nozzle  opening w88 set at a nominal. value of 0.030 inch 
for  these  tests. 

,EnRines and  ductinq. - The 5-40 turbojet  engines normal for t h i s  
particular  airplane (X model)  were  replaced by modified 5-34 enghee as 
a source of compressed air  for  %he blowing flaps. Air  from  the  last 
campressor  stage of the 5-34 turbojet  engines m a  piped to each flap 
duct  via a pipe  located  just  behind the pylons  as shown in figure 5. The 
amount of air  delivered  to  the  flaps was controlled  by  butterfly  valves 
located in this  pipe  just  ahead of the tee connected to the flap ducts. 

Engine  thrust was determined from static  thrust  calibrations  by means 
of the wind-tunnel balance system and a single  total-pressure  probe  at 
the  exit of the  tail-pipe  nozzle of each  engine. 

Range of Variables 

The  investigation  covered a range of angles of attack  from - 3 O  to 180 
at a constant  dynamic  pressure  of 15 pounds  per  square  foot.  This  corre- 
sponds  to a Reynolds  number of about 8.2x10" based on the  mean  aeroaynamic 
chord of the wing. The range of flap deflections  investigated was f r o m  
45' to 65O. The pressure  ratio furnished to the  nozzles was varied from 
zero  to  approximately 2.9. The  weight  rate of flow w a ~  determined from 
pressure  and  temperature  measurements  in  the  lrylon  pipes  which had been 
calibrated by means of a standard thin-plate  orifice (fig. 5). T o t a l  
preasure  and  temperature  used for calculation of the  jet momentum were 
measured at the  middle and ends of the flap ducts. 
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The  effects of bJ" on the  static  longitudinal  chamcteristics 
were determined by pitching  the  model  throu@;h  the stall with  various  con- 
stant  values  of  momentum  coefficient. To ascertain  the  boundary-layer- 
control flow requirements,  the momentum flow coefficient was varied  from 
zero  to a nrax~mum at or, = 00 for tramg-edge flap  deflections of 4 5 O S  
55O, and 65O; at  cr, = 80 and 10' the  boundary-layer-control flow 
requirements  were  determined only for a flap  deflection of 55O. 

Engine  Thrust 

Since  turbojet  engines mounted in nacelles  were  used as a source  of 
high-pressure  air  for  control of the  boundary  layer  over  the  flaps,  it 
was necessary to correct  the measured force and moment data  for  the  effects 
of  engine  thrust.  The gross thrust  based on static-thrust  calibration, 
Shawn in figure 6, was in good agreement with that coquted by the fol- 
lowing equation: 

where K is a calibration  constant and was found to be approximately 
equal to 1.0. With the use  of  values  of total engine  air  flow, WE, from 
unpublished data, the  net thrust was defined as 

The  measured  coefficients  were  corrected  for  the  effects of engine  thrust 
by the  use  of the measured data, of  figure 6 as follows: 



The force due -&a " n i n g  of the engine in l e t  air has been omitted  since 
computations indicated that it was negligible. 

Tumel-Wall Corrections 

The test airplane was unusually  large  relative t o  the tunnel  test- 
section dimensions. The wing-span t o  tunnel-width ra t io  W ~ S  0.91. Theo- 
re t ica l ly  determfned interference  effects of the wind-tunnel walls are 
therefore of doubtful  accuracy,  but were nevertheless applied t o  the data. 
The wall-Lnterference  correctians added  were as follows: 

The data have been corrected f o r  stream-angle FnclFnations. Th.e effects - 
of the  tunnel  support struts, of  removing the ve r t i ca l   f i n  above the 
fold line, and of the s t r u t  mounting blocks on the main wheel axles are 
Llrlknown. ..  .. 

The results of force and moment measurements with varying angle of 
a t tack  for  the airplane equipped with  various combinations of leading- 
edge slats and flap  deflections are presented i n  figures 7 through 12. 
Variations of l i f t ,  a t  constant angle of attack, with momentum, flow, and 
duct  pressure  coefficients  are shown in figure 13 for constaJlC angles of 
attack and flap  deflection. Data from reference 1 obtained with an area- 
suction f l ap  are  a180 shown In figures 12, 13(b), and 13(c) f o r  purposes 
of  comparison. Correlations of equivalent  two-dhznsional momentum coef- 
f icient  for  at tached flow with results from reference 2 are shown i n  
figure 14. An evaluation has been made, using the data of figure 15, i n  
terms of est imted performance on take-off and and is presented 
in  f igures 16 through 19. 

DISCUSSION - 
In general, the effects of changes of leading-edge  configuration on I 

the longitudinal  characteristics of the airplane with blowing flaps were 
- 



found  to  be similar to those  discussed in reference 1 for  the  airplane 
equipped with area-suction  flaps.  The  discussion  herein,  therefore, 
emphasizes  effects  peculiar to the blowing-flap  installation. 

Wind-Tunnel  Results 

Flap lift.- Incremental lift coefficients  due t o  the  flags  were 
determined  from  the data of  figures 7,  10, and 13 (a) at law angles  of 
attack  and  at Cp * s  required  for  flaw  attachment on the flaps. These 
experimentally  determined  values of lift coeeficient  are  compared in the 
following table  with  theoretical  values  computed by the  method  presented 
in  reference 3. 

ACL due to flaps 
Measured 

The  above  correlation  with  theory  indicates  that  the  pylon-mounted  engine 
nacelles  probably  exerted a negligible  effect on the lift effectiveness 
of the blowlng flaps. In the  discussion  that  follows,  the  maintenance  of 
fLap  effectiveness  to high angles of attack will be shown to be  dependent 
on control  of wing leading-edge flow separation.  The  longitudinal cham- 
teristics of the  basic  configuration  (i.e., n o m  outboard  slats  extended) 
with  flaps  deflected Oo and 55O are  presented in figure 7. Close  to  theo- 
retical  flap  effectiveness was mintsined t o  a.n angle  of  attack  of 6O 
wlth Cp = 0.012. ' At higher  angles of attack  the  losses in lift  and 
marked  increases in stability  were  possibly  due to inboard flaw separation 
comparable to that  disclosed by tufts  during  the  tests of reference 1. 
The  effect  of increasing the  momentum from Cp = 0.012 t o  0.032 was to 
cause a slight  increase in lift curve  slope and an increase of Ch 
from 1.78 t o  1.94. It was reasoned  that  further  Increases of Ch 
and  maintenance  of f lap  effectiveness t o  angles  of attack greater 
than 6O c d d  be  obtained  by  elhination  of iriboard flaw separation 
through  the  use of an inboard slat. 

Effects  of  leading-eQe  modifications.-  The  results s h m  in figure 8 
determined fo r  the  airplane  with an inboard slat indicate that inboard 

%,amination  of  static  pressure  measurements  made on the  surface  of 
the flaps  indicated that Cp = 0.012 was slightly greater than that 
required f o r  e c h e d  f l o w  on  the  flaps  (see fig. 13(a)). 
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flow  separation m s  delayed  to  higher  angles of attack  with  increases of 
inboard  slat  deflection aagle. A 24O deflection of the  inboard  slat  main- 
tained  the  flap  effectiveness  to a = 10' aad  increased  the C b  f r o m  
1.78 to 2.32. The  adverse  variations of stability  close to CLmax with 
increases  of  inboard  slat  deflection  were  interpreted  as an alleviation 
of  inboard  flow  separation d o n g  with a predominance  of  outboard  (tip) 
flow separation. The data of reference 4 would indicate that a higher 
slat  deflection  thes  the 17O nomKUy used  on  this  airplane  could  be 
expected to provide  more  effective  control of flow separation on the 
outboard  portions of the wing. 

The  characteristics  of the airplane  with  trailing-edge f laps  deflected 
55O in combination  with a sirmzlated full-span slat  deflected 24O are Shawn 
in  figure 9. A Cb of 2.20 was measured with BLC off which was 
increased  to  values of 2.54 at Cp = 0.012 and to 2.69 with Cp = 0.032. 
The  flap  effectiveness  and-stability  were a lso  maintained  up to about 
14O angle of attack. No further  attempt  to find a more  effective  leadlng- 
edge  configuration was made  since  it was indicated  in  reference 4 that 
24' was close to an optimum  slat  deflection. 

The  characteristic8 of the airplane  with a simulated 2 4 O  slat  out- 
board of the  pylons in combination  with  the normal inboard wing leading 
edge  (no  slat) shown in  figure 10 are  close  to  those of the  basic  config- 
uratfon with normal slat  extended. This tends to substantiate the ass=- 
tion  made  previously  that flow separation  occurring  inboard of the pylone 
limited maximum lift. 

Effects of flap  deflection  an&.e.-  The  longitudinal  characteristics 
of  the  airplane  are sham in figure ll at  several  flap  deflections 
(Cp = 0.012) with a simulated 24O --span slat.  It can be seen  that 
the  lift  increases  obtained  with  increases of flap  deflection  angle  up 
to 6f = 65' remained  essentially  constant  throughout  most  of  the  lift 
mnge. Maximum lift  coefficient was increased  from 2.43 to 2.54 wfth 
increase of flap  deflection  from 45O to 55O; however,  no  further  increase 
was  obtained  with a 65O flap  deflection.  It may be  conjectured that 
f'urther  increases  in & could  be  obtained  with flap deflections 
greater  than 5 5 O  if leading-edge flow separation  could  have  been  prevented. 

Comparisons e t h  area-suction flaps.- A comparison  is  made in fig- 
ure 12 of the  characteristics of the  airplane  equipped  with  either  area 
suction on the flaps (data  from ref. 1) or blawing over the  flaps . The 
leading-edge  configurzxtions  for  this  c-rism  consisted of a simulated 
24O slat  deflection  outboard of the pylons (Ms) and a simulated nose flap 
(glove  modification ML) inboard  of  the pylons. The  most  significant 
difference i s  reflected at & where a value of 2.16 was obtained  with 1 

area  suction  and 2.43 wlth  blaring  flaps. In each  case,  the  amount of 
boundary-Wer-control  air  supplied wa8 slightly in excess  of  that  required 
f o r  attached  flow  over  the  flap  at a 55' deflection. - 



Boundary-layer-control flow requirements.- The variation of lift 
coefficient  with  blowing momentUm, flow, and  duct  pressure  coefficient 
obtained  with a shulated 24O full-span slat. Minimum values  of momen-t;um 
coefficient for attached flow based on visual F?nn.msnation of f lap surface 
static-pressure  measurements are Fndicated in figure l3(a). Conversion 
of these  values of CP for  attached flow to  'equivalent"  two-dimensional 
values by the.  expression 

- is shown in  figures 1.3 (a), (b) , and  (c) , respectively.  These  data'were 

based on simple  sweep  theory  glves  values  in good agreement  with those 
from  reference 2 as shown in figure 14. 

A comparison of flow requirements and duct  pressure  coefficients for 
area-suction  and  blowing  flaps  can  be  made in figures l3(b) and (c). This 
particular  comparison pertains only to the  specific blcrwlng nozzle  wlth 
an O.03O-inch  opening  used  in  this  test,  that  is, lmer or higher flow 
coefficients  would  have  been  obtained wtth smdler or larger  nozzle 
openings, respectively. Although the flow coefficients  for  both types  
of  boundary-layer  control  were s h i l a r  for  the  subject  comgarison,  the 
much  higher  pressures  associated with the blowhg flap s h m  fn fig- 
ure  l3(c) are an  indication  of  higher  parer requirements for blowing 

comparisan. 

- 
- flaps. The same conclusion was reached in reference 2 in a sim-lfr 

An evaluation  of  the wind-tunnel results in terms of take-off and 
landing  performance is made  for  the  subject  airplane  equipped w i t h  two 
Pratt and Whitney J-57, 10,000-pound-thrust engines. Data from figure 9 
were adjusted for  trim  by  use of tail. effectiveness data from reference I, 
and  are  shown in figure 15. Comparisons of the airplane  performance, 
computed  from  the data of figure 15, are made for boundary-layer  control 
on and  off, fjf = 550, and with the simulated 24O =-span slat . 

The  procedure  used to estimate  bleed flow rates at landing and  take- 
off  speeds from various  nozzle openhgs and engine conditions  is outlined 
in Appendix A, The Ethods a d  assunptions  used  for estimating the take- 
off  and lasarzlg performance  of  the  airplane are given in Appendix B. 

Take-Off Performance 

., Shawn in figure 16 is the  variation of take-off distance over a 
50-foot obstacle for a wing loaAfng of 90 pounds per square foot. The 
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speed range, as indicated  by  the  limits of the  curves shown In figure 16, 
corresponds  to lg flight  speeds  at a = 2.5O to 7OO2 In the  subject 
performance  cnmputations  it w i l l  be  assumed  that  --off perfomd 
at a = 2.5O is  equivalent to "normal" We-off whereas  one  performed 
with  rotation at take-off up to a =I 70 is  equivalent to a "short  field" 
take-off . The computed results  shown  in  figure 16 indicate  that the 
blowing  flaps  could  reduce ground roll distance  by  about 23 percent  and 
could  give  reductions of 13 to 18 percent on total  distance  over a 50-foot 
obstacle. 

. 

A sumnary of  take-off  performance  for a range of wing loadings is 
shown in figure 17. The  results  of  performance  caLculations  are  shown 
only for 5 5 O  flap  deflection  since  calculations  for 45O flaps indicated 
similar  performance,  whereas  those  for 65O flaps  indicated  longer take- 
off  distances  than  with 5 5 O  flaps  (boundary-layer  control on). 

Landing Performance 

S h m  in  figure 18 i6  the variation of Mng dis-ce over 8, 50-foo-t 
obstacle  for a w i n g  loading of 64.1 pounds per square foot. The larest 
speed  shown  corresponds  to Ig flight at the maximum allowable  ground 
attitude. The results shown in  figure 18 indicate a 13-percent  reduction 
in air  distance along with a 42-percent  reduction of g.ound roll dietmce 
resulting  in a net  improvement  due to blowing  flaps  of  about 35 percent 
in landing distance  over a 50-foot  obstacle. 

., 

A summary of  computed minimum landing  distances  Over a 50-foot 
obstacle for a range of wing loadings is shown in figure 19. As on  take- 
off,  the  improvements  due to boundary-layer  control on were  maintained 
to an almost  constant  percentage at all the wing Loadings shown. 

Comparisons  With  Flight  Data 

As an indication  of  the  validity of the  computation  procedures  used 
in  the  subject  performance  calculations, a comparison of flight  test 
(ref. 5 )  and  calculated  results  are  shown in figure 20. These  calculations 
involved  the  use  of data from  reference 1 for the  basic airplane equipped 
with no& 360 slotted  flaps  and partial-span slats.  The  correlation of 
measured  and  calculated  results  is  considered  to  be good shce p i l o t  
technique,  exact flight program, etc.,  cannot be exactly  accounted  for 
in such  cmputatians. Landing performance  computed by use of 821 initial 
aFnking  velocity  of 8.33 feet  per  second  rather  than 15.0 feet  per second 
resulted in excellent  correlations  with  the  fU&t data of reference 5. 

2Normal attitude in ground roll, a = 2.5O; ~~ safe ground angle , 
a = 70. 
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A low-speed wind-tunnel investigation w a s  conducted on an airplane 
having an aspect  ratio 6.75 wing with go of  sweepback. It was equipped 
with  trailing-edge blowing flaps and leading-edge slat modifications. 
Analysis of the data indicates  the following conclusions: 

1. Close to   theoret ical  f l a p  lift effectiveness was obtained  with 
blowing flaps deflected 45O, 5 5 O ,  and 65O at low angles of attack. 

2. Flap effectiveness and longitudinal  stability were maintained 
t o  high angles of attack by control of leadfng-edge f l o w  separation with 
slats. 

3. Maximum lift of the moderately swept high-aspect-ratio wing was 
a function of leading-edge  configuration,  trailing-edge  flap  deflection 
angle, and  amount of boundary-layer-control  application. With 55O of 
trailing-edge  flap  deflectian, and. with a =-span simulated 24O slat, 
maximum l i f t  coefficient was increased frcm 2.20 with boundary-layer con- 
t r o l  off t o  2.54 with a m o s t e n t m  coefficient of 0 .Ol2 and further  increased 
t o  2.69 with a momentum coefficient of 0.032. 

4. Equivalent two-dimensional values of  momentum coefficient  for 
attached  flow were in  good agreement with v a l ~ s  computed  by simple sweep 
theory from results of a previous blowing-f-p study. 

An evaluation of the results i n  terms of  calculated  take-off and 
landing performance of the subject airplane equipped with 8 blowing-fhp 
system lead to   the  following conclusions: 

1. Appreciable reductions of both speed and distance  required  to 
take-off end land mer a 50-foot obstacle should be possible  for  airplanes 
with  moderately sweptback WFngs using engine bleed air for blowing flaps. 

2. For the  subject  airplane, calculated reductions in distance over 
a p-foot  obstacle due t o  boundary-layer control amounted t o  13 t o  18 per- 
cent on take-off and. about 35 percent on landing. 

Ames Aeronautical  Laboratory 
National Advisory Committee for Aeronautics 

Moffett  Field, Calif., Apr . 11, 1957. 
. 



The design of a blowing-flap nozzle involves considerations of 
allowable f l o w  rates, compressed air source  conditions, line  losses,  etc.,  
to obtain a specified jet momentum coefficient f o r  a range of operational 
speeds. Like most engineering campUta-t;ions, th i s  uill lnV0lv-e campromises 
i n  order t o  obtain a practical design. An example for the  subject ai$Lane 
with a 5 5 O  blming flap using bleed air from 5-57 turbo j e t  engines will 
be used to  i l lus t ra te  a suggested design procedure. The engine thrust and 
bleed  characteristics at  standard sea-level  conditions from references 6 
and 7 will be used i n  the example computations. . 

Choice of Design CP 

A design momentum coefficient  close  to that required for attached 
flow should be adequate f o r  pre1Udnam-y design purposes. This can be 
estimated by the method of reference 2. When engine bleed air is  used, 
as will be assumed in  the  subject example, it is  desirable to we a 
minimum  amount of bleed so as t o  minimize thrust  losses. Thie is  eege- 
c ia l ly  important a t  take-off. For the  subject exaarrple, a Cp = 0 . O U  
was selected f o r  6f = 55' directly from dah shown i n  figure 13 (a). 

Choice of Design Speeds 

U s e  of the 1.2 V s a  criterion f o r  both landing and take-off 
speeds based on = 2-42 from figure 15 f o r  a range of wing loaaFngs 
of 77 t o  102.6 pounds per square foot at  take-off and 55 t o  77 pounds per 
square foot at landing inucated a design speed w e  of 97 to 131 knots. 
As a compromise *e f o l l o w i n g  average speeds were selected f o r  the subject 
example: landing, 102 knots; and take-off, 120 knots. 

Air-Flaw Computations 

Once values of Cp 
isentropic  relations fo r  

caa be used to determine 

and design speeds have been ascertained, use of 
air  and the fundamen". equation 

WJ 
IJ - Q@; c " 

the weight rate of flow (see ref. 2). 
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Choice of Nozzle  Size 

The flow through the nozzle can be  treated aa an isentropic  process, 
reference 8, to determine a nozzle  size  which will supply the required 
jet momentum for a given set of compressor or source conditions of temper- 
ature and  pressure. A graph such as is  illustrated in figure 21 will be 
found useful in the  selection of a fixed nozzle  size as a compromise  for 
a range of speeds and compressor source  conditions. The developent of 
such a chart is more  completely  described fn reference 2. 

For  the  subject  example, a take-off speed of E O  knots with a pressure 
ratio of 10 would  require a 0.005-incb nozzle to obtain a design Cp 
of 0.Ol.l. However,  use of %s nozzle size  at landing conditions of 
102 hots and pressure ra t io  of 3.7 would not supply the required  jet momentum. As noted in figure 21, a 0.012-3nch  nozzle is required at the 
design landing conditions.  Conversely, if the  larger  nozzle  (0.012-inch) 
were used at kke-off , a bleed rate of 14.9 pounds per second with an 
Il-percent  thrust loss would result, Engine tbrust losses were corngut=d 
by the  method of reference 6, One of the  most obv%ous solutions of this 
problem is to incorporate 8 controllable line restriction,  such as a 
two-position valve, along uith  the larger nozzle size so a6 to restrict 
the flow to the flaps to give a degign momentum for take-off. For the 
subject  example, the thrust Loss was reduced to 5 percent at take-off by 
assuming tha-t; the  bleed rate w&s restricted to 7.0 pounds per second a t  - a pressure ratio of 4.7 with the  O.Ol2-lnch  nozzle. 

In the  subject  performance  calculations,  constant  bleed  rates of 
7.0 pounds per  second at take-off and 5.4 pounds per second a t  le..ndZng 
were assumed. This naturally resulted in variations of Cp and hence 0, 
at speeds other than 1W hots for landing and 320 knots for take-off. 
However,  even at the highest speeds associated with the highest wing 
loading (102.6 lb/sq f t )  considered herein, the reduction of Cp from 
0.011 to 0.008 resulted in an almost negligible change in as can be 
seen  in figure 13 (a) . 
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Ground roll.- The  equation  used f o r  the  computation of ground roll 
was almost  identical  to  that  given in reference 9 with  inclusion 

in  place of L/W and is as follows : of c / c  LGh 

The following assuqtions  have  been d e :  

1. Constant ground-roll attitude, a = 2.5O. 

2. Airplane  rotated  at  the end of ground roll any angle 
between a = 2.5O and 7O.  

3. Average  thrust  through  the ground-roll speed  range. 

4. E-Pfects of engine  thrust  axis  inclination  included in lift 
summation. . .  

A i r  distance.- The  method of reference 10 WSB used to calculate  the 
air  distance  (transition)  to  attain an altitude of 50 feet. 

At = 
Etvl + av2 

The following assumptions  were made: 

1. Flight path restricted to small angle of clFnib 80 that 
tan e = sin e and COS e = 1. 
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. 

2. Braking  ccefficient’taken frm curve shown in figure 22 (see 
ref. 9). 

3. Boundary-layer control w a s  assumed to be shut off during ground 
r o l l .  

Air distance (flare) . - The variable load factor  case froan. reference ll 
was used: 

s = v,t, 

For  the flare canputations  the following assumptions  were  made: 

1. Flight  path  angle small enough so that 6 = sin 8 = Vv/V 
and cos 8 = 1. 

2. F/W and D/L assumed to remain constant. 

3. Maximum attitude  at t o u c h d m  restricted  to a = 7O, maximum 
safe  ground  angle. 

4. An initial sinking velocity of 15 feet per second was used. 
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TfLBI;E I.- GEOMETRIC! llATA OF UNMODIFIED TEST AIRPLANE 

wing 
Area. sq ft . . . . . . . . . . . . . . . . . . . . . . . . . .  780 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . .  72.5 
Aspect r a t io  . . . . . . . . . . . . . . . . . . . . . . . . .  6.75 
Taper r a t io  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.33 
Mean  aer-amic chord. f t  . . . . . . . . . . . . . . . . . .  11.68 
Sweepback of the  quarter-chord  line. deg : . . . . . . . . . .  35.92 
Incidence. deg . . . . . . . . . . . . . . . . . . . . . . . .  4.0 
Dihedral. deg . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Twist. deg . . . . . . . . . . . . . . . . . . . . . . . . . .  0 
Airfoil  section a t  root (streamwise) . . . . . . .  NACA 63-oog.gg(mod) 
Airfoil  section a t  t i p  (streamwise) . . . . . . .  NACA 63-008.25(rnod) 

span of one  f-p. ft  . . . . . . . . . . . . . . . . . . . . .  16 .. 84 
Inboard end  of f lap  frm center . lFne 

of fuselage. f t  . . . . . . . . . . . . . . . . . . . . . . .  4.00 
Flap chord. percent chord (slotted  f lap) . . . . . . . . . . . .  25 
Flap chord. percent chord (plain  flap) . . . . . . . . . . . . .  23 

Span of one slat. ft . . . . . . . . . . . . . . . . . . . . .  21.42 
Inboard end of slat. feet from fuselage 

center Use . . . . . . . . . . . . . . . . . . . . . . . . .  14.14 
S l a t  chord a t  inboard end. percent chord . . . . . . . . . . .  16.9 
Slat  chord a t  wing tip.  percent chord . . . . . . . . . . . . .  24.3 
Slat  deflection. deg . . . . . . . . . . . . . . . . . . . . .  17.0 
kea. sq ft  . . . . . . . . . . . . . . . . . . . . . . . . . .  166.6 
Span. ft  . . . . . . . . . . . . . . . . . . . . . . . . . . .  25.83 
Aspect ratio . . . . . . . . . . . . . . . . . . . . . . . . .  4.0 
Taper ra t io  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.50 
Mean aerodynamic chord. f t  . . . . . . . . . . . . . . . . . .  6.75 
Sweepback  of the  quarter-chord  line. deg . . . . . . . . . . .  33.88 
Volume. tail length/E x t a i l  area/S . . . . . . . . . . . . . .  0.531 
Dihedral., deg . . . . . . . . . . . . . . . . . . . . . . . . . .  10.0 
Height of t a i l  above wing plane. f t  . . . . . . . . . . . . . .  6.68 

Length. ft . . . . . . . . . . . . . . . . . . . . . . . . . .  '71.19 
Frontal area (excluding canopy). sq ft . . . . . . . . . . . .  50.4 
MaxFmum width. f t  . . . . . . . . . . . . . . . . . . . . . . .  7.17 

Perpendicular dtstmce frm engine thrust 
&xes to  axis  joining the E/4 points of 
the wing panels (a) .  f t  . . . . . . . . . . . . . . . . . . .  4.44 

Engine thrust  axis i n c m a t i o n  (E ) .  deg . . . . . . . . . . . .  2.50 

PUP 

S l a t  

Horizontal tail 

Fuselage 

Engine nacelles (J-40) 

L A 
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All dimensions in inches 
unless othelwise noted 

Lo 
4 

c = l40.1 

Figure I.- Three-view sketch of the test airplane. 



Figure 2.- View of the airplane muted on the wind-tunnel struts; 
front view, flaps undeflected. 

- .  



23 

1 -" 

L 

t 
24' 

\ 

1 24' slat, M3 

(a> Leadingedge modFfications. 
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Pi- 4.- V i e w  from above and behind the right WFng sharing the t e s t  a i r p l a n e  with slat moaFfl- 
cations insWled over the entire expoeea xlng leadlng edges. VI 
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Figure 5.- Diagmm of the engine bleed flow and Wm~st-measurlng system. 
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Figure 6 .  - Engine thrust callbration curve. 
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Figure 10.- Longitudinal  characteristics of the  airplane  with and without a simulated 24' slat  out- 
board of the  nacelle pylons in combination with n o d  wing inboard; 8f = 35O, CIJ. = 0,012. 



Figure 11.- Effects of f l a p  deflection angle with full-span shiu lated 24' slat modifications, 
l& i- &, on the longitudinal charac ter is t l cs  of the airplane; Cp = 0.012. 
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Figure 12.- A cos~parison of the characteristics or the airplane with area-suction and kbwhg flaps 
deflected 55'; inboard glove modification in combbation with outboard sbmI&ed 24 slat, 
M1" Ms. 
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Figure 13.-  Variation of lift coefficient with momentum, flow, and duct 
pressure  coefficients at several flap deflections with full-span 
sirmzlated 24' slat  modifications & + Ms. 
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* Figure 14.- Comparison of equivalent  two-dimensional  values of momentum 
coefficient for attached flow  wtth values from reference 2. 
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70 80  90 100 SLO 120 

W/S, lb/sq ft 

Figure 17.- Calculated total take-off distance averoa 5o-foot obetacle 
at various wing ld ings;  full-span simulated 24 slat + M3, 
6f = 550. 



JG 
NACA RM A57DU - 41 

*. 

I 

92 100 108 116 124 I32 v, lulots 

Figure 18.- Calculated distances at various approach speeds with 
and without b1-g; W S = 8c.l l b / ~ q  f t, fUll-span S-W 2h0 
slat & + &, Sf = 55 b , Vvl = -15 f t l s e c .  
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Figure 20.- Compnison of calculated landing and Me-off distances at 
various wlng loadings for the airplane equipped with 36O slott.ed 
flaps and prtial-span slats wlth flight-test results (ref. 5) of 
a similar airplane. 
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Figure 21.- Calculated bleed-air requirements f o r  the subject ai e fox various airspeeds and 
nozzle sizes to give '+ = 0.011; Ta = 
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Mgure 22.- Variation of braking coefficient  with speed., reference 9. 
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