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EFFEXTS Om CONTROL EFFECTIVEXESS OF SYSTEMATICALLY 

VARYTNG THE SIZ3 AND LOCATION OF TRAILING-EDGE 
. .  

FLAPS ON A 45O sT.IEpTBAcK WIN2 AT 

A MACH NUMBER .OF 1.9 

By Carl R. Jacobsen 

SumARY 

-. . The e f fec ts  on control  effectiveness  of  systematically  varying  the 
s i z e  and location of trailing-edge  flaps on a 45O sweptback wing has 
been 3nvestigated a t  a &ch number of 1.9. The tests were made i n  the 
Langley 9- by 12-inch  supersonic blowdm tunnel a t  a ReynolaS number. 
of 2.1 x 10 . The wing.m&l had an  aspect  ratio of 2.5, a taper   ra t io  
of 0.625, and 6-wrcent-thick hexagonal a i r fo i l   sec t ions .  

6 

' The most .important finding indicated by the experimental  results 
and substantiated by the  calculations was the loss in flap  effectiveness 
caused by the effec ts  .of the wing t i p .  The wing t i p  Fnfluenced the 
loading due to. deflect ing  the flap s d f i c i e n t l y  t o  cause  the  flap  location 
for  m a x i m u m  rolling-moment effect iveness   to  move from an outboard'to a 
midsemispan 1ocation.as  the  flap  chord was increased from 25 to 45 per- 
cent  of  the wing chord. The values of  the  calculated  effectiveness. 
parameters were in   qua l i ta t ive  agreement with the experimental values, 
although  the  calculated parameters were somewhat higher. The maximum 
deviation between the experimental and calculated  results  occurred  for 
those  flaps  extending  inboard to  the  fuselage.  

INTRODUCTION 

.The characterist ics of trailing-edge  flaps and spoilers 011 two . 
re lated semispan wings i n  the  Langley.9-  by  12-inch  supersonic blowdm ' 

turinel are being  investigated.  .References 1 and 2 report the resul t s  of 
t h e   i n i t i a l   i n v e s t i k t i o n  a t  a bkch  number of 1.9 on an tpdwept  wing. 
The present pper r e s e n t s  a similar study of trailing-edge. flaps on a 
wing swept  back 43 . 
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The t a x r e d  wing had an aspect  ratio of 2.5 and 6-percent-thick 
hexagonal a i r foi l   sect ions.  Flaps having  chords  and spans which were 
systematically varied were tested at- several spanwise locations. 

The investigation wa8 carried  out a t  a mch number of 1.9 and  a 
' Reynolds number of 2.1 X lo6. The angle-of-attack  range--was 16' and the 

flap8 were deflected from 0' t o  150. 

Five-c&ponent force data are presented  and the experimental  values 
of  f l ap  l i f t ,  rolling-moment, and pitchingaoment-effectiveness are  
compared w i t h  that predicted by lihearized theory. 

COEFFICIENTS AND SY2JLBoLS 

All data are presented with respect   to  the wind axes. 

CL 

CD 

cngrOSS 

9 

S 
- 
C 

lift coefficient 

drag coefficient 

pitching-moment coefficient 
Pitching moment about 

qSF 

gross .rolling-moment coefficient 
Rolling moment of .the semispan 

2qSb . 

gross yawing-moment coefficient 
moment of  the semispan 

2qSb 

rolling-moment  coefficient 'due t o  control-surface 
deflection (c~grol3s - czgross( 8 4 0 ) )  

increment in  coefficient due to  control-surface , 

deflection 

* :  

free-stream dynamic 'pressure . . 

exposed  semispan w i n g  area (10.00 sq in . )  

mean aerodynamic  chord of exposed wing area (3.13 in.) d 

*. 
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r 
C local w i n g  chord - 

ir 
C f  local  control-surface  chord 

b wing span, twice  distance from wing root to wing t i p  
(8.13 i n . )  

.' bf 

Y i  

YO 

cont'rol-surface span 

spanwise location of inboard end of control  surface 

spanwise location of outboard end of control  surface 

U angle of a t tack   re la t ive  t o  free-stream  direction 

6 control-surface  deflection measured i n  a plane normal 
to hinge l ine  

R Reynolds number based on c 
- 

rate of change of lift coefficient  with  angle of 
a t tack 

- rate of change of lift coefficient  with  control-surface 

5 . .  

cm6 rate of change of pitching-moment coefficient w i t h  

control-surfact  deflection 

.- % rate of change of with 
control-surface  deflection 

4 '  

MODEL . 

I 

I 
The semispas w i n g  and the half-fuselage mounted Fn the test section 

are  presented in ffgure 1. The principle dimensions of the wing and 
f'uselaie'are  presented in figure 2. The wing was swept  back 45O at  the 
midchord l i n e  .. The .aspect r a t i o  of the  basic w i n g  was 2.5 and  the  taper 
r a t i o  was 0.625. The airfoi l_sect ions  paral le l   to   the  a i rs t ream were 
symmetrical  6-percent-chord-thick  hexagonal  profiles. The profiles 

# 

i were modified slightly by rounding  the  ridges. Both the . .  leading-edge 
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wedge and the  trailing-edge wedge of the  section extended 30 percent of 
the  chord. The resultant wedge angle was ,lI .42O. 

The configurations  tested  included 25-, 35-, and 45-percent-chord 
plain  f laps.  The flaps extended from “the fuselage  intersection  at 
0 .-2Ob/2 t o  0.95b/2 and were divided  into  three 0.25b/2 segnaepts . Flap 
spans equal t o  25, 50, and 75 percsnt of %he wing semispas were achieved 
by deflecting  the segments separately and in combgation. The gaps- 
between  any  segments having.the same deflections were. sealed and faired.  
For each  flap  chord  tested, a f ine groove  along  the  hinge  line Was . 
machined on the upper surface o f  the wing and.thereby allowed deflection 
of the  flaps  about an axis near  the lower surface of the wing. Flap 
deflections were measured normal to   t he  hinge l ine.  

. .  . .  . .. . ” 

TESTS 

I 

The Langley 9- by  12-inch  supersonic blowdawn tunnel i n  which the 
present  tests were made uses-  the compressed a i r  of the  19-foot  pressure 
tunnel. The. air enters a t  an absolute  pressure of about 2 1  atmospheres 
and contains about’. 0.003 pound of. m t e r  per pound of air. The free- 
stream Maah number has been calibrated a t  1.90 f 0.02. This Mach  number 
was used in  determining the dynamic pressure. For the  tunnel-clear 
condition,  the  static  pressure  in  the  test   section  varied about k1.5 per- 
cent. Flow characteristica which  might affect   the  aerodynamic resul ts  
are  discussed in reference 3 .  . 

3 

I ,  

The average dynamic pressure  for  the tests was 11.0 pounds per 
square  inch. The ’ average Reynolds number WES 2.1 x 10 . The test 
Reynolds number decreased  about 3.8 percent.during  the  course  of--each 
run because  of the  decreasing  pres.sure of the inlet-  alr. 

6 

. m e   h v e s t i g a t i o n  was made through  an  angle-of-attack  range from 
-Go t o  +Go and through a flap-deflect-ion  range of 0’ t o  +15O.  

. Five-component force measurements were obtained for the- wing in the 
presence  of, b u t  not  attached  to, a half  -fuselage. Because of the 
balance  deflections under load, a gap o f  about -0.015 inch was maintained 
between the wing and fuselage under a no-load condition  (reference I).  

TEST TECHNIQvE 

. 
The semispan’model,  used- in this  investigation was cantilevered. . . . . 

from a strain-gage  balance which mounta flush  with  the.  tunnel .wall and - 
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rotates  with  the model through the  sngle-of&ttack  range. The half- 
fuselage is  attached to the housing  of the balance,  and  thereby .permits 
the wing to'be tested in  the presence  of,  but.-not  attached  to,  the 
fuselage. 

, The development of an acceptable  technique f o r  t es t ing  semispan 
wing m o d e l s  in t h i s   f a c i l i t y  was -reported i n  references 2 and 3 .  . It -8 
found that  shimming a half-fuselage. away from the tunnel wall minimized . 
wall-boundary-layer effects over the  &elage. However, .the gap between 
the Whig and body caUf3ed deviations  to occur in the wing loading near' 
the wing-fuselage juncture. The deviations were small at  angles of .. 

Bttack below kO. 'The  indfcatioqs are tha t , : a t  higher  angles of  attack, 
the wing loading would be  considerably  altered and, therefore, the 
characteriptics of fleps located. adjacent t o  the  fuselage  could w e l l  be 
in  error.  - . .  

I 

I 

. .  
. .  

RESULTS 

The ro l l ing&ment  and' yawing-moment coefficients as presented . 
herein  apply  to 8 full-span wing w i t h  the  flap  deflected on the l e f t  
w i n g  panel only. The lift, pitching-mament, and drag d@ta, however, are 
reduced for flags.  deflected on both wing panels.  Variations of  the 
aerodynamic coefficients with angle- of attack  are  ,presented i n  figures 3 
t o  7 for  the 45-per.cent  -chord f l a p  arrangements. The data for  the lift, 

' . rolling- moment, and- pitching moment for the 45-percent-chord flaps are 
representative of the  data for all other control arrangements in that 

.flap  effectiveness was almost  independent of angle of attack. Conse- 
quentl3.j f o r  the 25- and 35-percent-chard flaps only.  the  variations' of 
the aerodynamic coefficients w i t h  f lap  deflection  at   zero.angle of 
a t t sck  ha+ been presented in figures 8 t o  12 along w i t h  similar data 
f o r  the 45-percent-chord flaps. 

I 

I 

no tare  corrections were necessary since the object of the tests 
was t o  obtain data on flap effectiveness, The zero shfft shown by the 
data of figure 6 ' is probably a r e s u l t  0.f model asymmetry. , fiom a general I 
consideratlon of balance-c&libratfon  accuracy,  fluctktione in loads, 

believed that the  data  presented  are  accurate t o  within  about  the . 

following limits : I 

a, degrees . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  k0.05 I 

6, degrees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30.10 
CL . . . . . . . . . . . . . .  .-'. . . . . . . . . . . . . . . . .  CO.005 
cz . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . .  :. . .  fO.OO1 .m.. . . . . . . . . .  i .-. . . . . . . . . . . . . . . . . . . . .  f0.001 I 

c m ; ' . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.002 

- qonuniformity  ,in the flow, and accuracy in   the m o d d  setup, it is 

I 

:d 

L k- . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  f0.0002, 
I 
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Average-experimental  values of lift, rolling-moment, and  pitching- 
moment effectiveness parameters, which were obtained  arbitrarily between 
a flap  deflection of Oo and loo, are presented in table I. The data of 
table I are presented in figures 13 t o  15 t o   i l l u s t r a t e  the effects  of 
f l ap  spm, f l ap  chord, and f l ap  spaswise location on these effectiveness 
parameters.  Included i n  both table I and .figures 13 t o  15 are the  cal-  
culated  effectiveness  values of the flaps  corrected for w i n g  thickneas 
as obtained by the use of the method of reference 4. Because of the 
limiting assumptions, the method of reference 4 cannot be used direct ly  
for calculating the effectiveness of f laps which extend  outboard to 
0.95b/2 or which extend inboard t o  the fuselage. It was possible, how- 
ever,  by  certain  modifications t o  the method t o  obtain approximate 
effectzveness  values for these flaps.  

In reference 4, f laps were assumed t o  be located either a t   t h e  
w i n g  t i p  or far enough inboard t o  prevent the outermost Mach cone from 
the f l a p  From crossing the wing t i p .  For either  location, the inner- 
most Mach l ine  was assumed t o  l i e  completely on the adjacent wing panel. 
In the present  investigation, for those  flaps  located  adjacent to the 
fuselage, the method was modified t o  consider the fuselage RS er reflec- 
tion  plane. For those  flaps which extended t o  O.g5b/2, it was necessary 
t o  calculate the effectiveness  values  of flaps of  the same s ize  and 
geometry f o r  a l l  spanwise locations  directly covered by the method of 
reference 4 (ignoring the effects  of the fuselage). ~ r o m  these values 
8 c m  was fa i red through the region  not covered  by the calculations * 
and approximate values were then  obtained a t  the flap's true  location. 
Aa an i l lustration,  f igure 16 shows huw t h i s  procedure was used t o  
obtain the approximate values of C L ~  for  the 25-percent-semiepan f laps  I I I  

which extend t o  0.95b/2. The approximate Glues  obtained for the cal- 
culated  effectiveness  parameters i n  this faired region may differ within 
approximately the follqxing lfmits, depending upon the fa i r ing  used. 

i 
I 

C f / C  cm8 28 CLS 

0.25 I fO .om1 f0.00002 fO. 0001 

35 

f io002 f. 00003 f .om2 .45 

f .0001 f 00002 k .0002 
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DISCUSSION 

Wi'ng Characteristics 

7 

The experimental  value  of C k  for  the w i n g  w i t h  f iaps  unhflected 

was. 0 .Oh. 'The center of pressure on the wing a t  the lower angles  of 

and a t  35 percent  of  the mean aerodynamic  chord of the exposed wing. - 
. attsck wag located a t  48 percent of the exposed  semispap out from the body 

Flap  Characteristics 

. The lift, rol l ing moment, and pitching moment- varied  almost  lirearly 
with  flap  deflection-  (figs. 8, 9,- and ll) and increased w i t h  'increasing 
f lap  spsn and w i t h  increasing  flap chord (within  the  experimental  accu- 
racy). The 50- and  25-percent-semispan flaps of =-percent  chord 
extending inboard (yi = 0.20b/2) t o   t he  body had somewhat lower' values 
of l i f t  than would be expected  (possibly  a  result of wing-fuselage gap 
effects) .  Ekcept for  these  cmfiguratione,  the  experimental lift effec- 
tiveness  for e f l ap  of given span md percent  chord decreased s l igh t ly  ' 

as  the  flap  location was  moved outbwrd towards the w i n g  t i p  (fig.. 13) .  
.This decrease was in agreerpent with the  calculated  effectiveness and 
was related t o  the decrease in f lap.area caused by wing taper and also 
t o  wing t i p  effects  in cases  for which the outer Mach line From the  f lap 
crossed  the wing t i p .  For these ca~es, the  area df the region of carry- 
over loading  progressively  decreased as the flap was moved outboard of 
this  location and as  its outer-Mach cone enclosed more of the w i n g  tip. '  
This Mach cone caueed a series of disturbances a t  i t s   in te rsec t ion  w i t h  
the wing t i p  and, consequently,  affected the 1m-g over a part of the 
f lap.  These effects are possibly caused. i n  prt by aeroelastic and 
viscous effects.   Aeroelastic  effects would be expected t o  be small 
because the wing was s.olid s teel   and 'essent ia l ly   r igid.  The effects  of- 
,viscosity  are  believed t o  be secondary t o  the t ip  effects  'discussed. 
As'the f lap  chord m a  increased from 25 t o  45 percent, the effectfveness 
of the  f laps  extendkg  to O.g5b/2 increased Less rapidly  with  respect 
t o  the effectiveness of flaps located  further  inboard. 

The wing t f p  effects  would be expected t o  change the rolLLng moment 
more than the lift because, in addi t ion  to  the decreaae in lift l o a w g ,  
the  roll ing moment should a l so  b e  affected  by the intj&rd shift of the 
center  of.m-essure of the. Loading relat ive to. the flap.  There was  some 
indication From the  results that the f l a p  location f o r  maximum effec- 
t i e n e s s ,  partfcularly fo r  the  25-percent-semispan. flaps, moved from 
the  outboard t o  themidsemisgan  location  as the flap  chofi  was increased 

involved were small. The midsemisgan flap  location f o r  the maximum 
-from 25 t o  43 .percent of the w i n g  chord;  barever, the differences 

I 

! 

I 

I 

. .  
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. 
rolling  effectiveness of the larger chord flaps i s  i n  agreement with the 
findings of gther  inyestigations made st transonic  and  supersonic apeeds 
(references 5 and 6 )  and at law and high subsonic  speeds  (reference 7) . 
The data of reference 6 indicate that, when a wing is swept  back from 
OQ t o  45O,.a control  surface of given span should be moved inboard t o  
achieve  the maximum effectiveness. The game conclusion is  reached when 
the results reported  herein are compared w i t h  the results  obtained in  
the  psrallel  investigation of reference I, since sweep angle is-the only’ 
variable. 

It should be pointed out that the  calculated flap characterist ics 
given in- reference 1 fo r  outboard flaps are  in  s l ight-  error because  the 
wing t i p   e f f e c t s  were arbi t rar i ly   neglected  to  hold  the computing time 
within  reasonable, limits (now circumvented  by the use of reference 4).  
It has been found that, even with wing t i p  effects  taken  into  considera- 
tion, the trends sham in reference 1 would be unaffected. In order t o  
be t te r   i l lue t ra te  th i e  fac t  and t o  shar the influence of  sweepback on 
t i p   e f f ec t s ,  the following  table is presented which lists the  calculated 
,values of cz fo r  the 25-perCent-Sei1.1i13pan flaps having  45-percen5 

8 
chord. On the unsvept wing, the wing t ip   effects   s l ight ly   decreased  the 
effectiveness of the outboard flap. For the aweptbsck wing,  however, 
the  decrease was so pronounced that the center  f lap became  more effective 
than the outboard f lap.  For wings having approximately  the same t ra i l ing-  
edge sweep angle,  these same effects  of the wing t i p  would be expected 
t o  occur a t  lower Mach numbers for smaller chord flaps.  

1 

Calculated C zg 

Flap location, - si 
b/2 unswept swegt  back 45’ 

wing wing 

0.20 

.00051 .OW74 * 45 

0 900055 0.00040 

- .70 (considering no t i p   e f f e c t s )  

.00052 .00085 .TO (considering t i p   e f f e c t s  

O w 3  .OOOg4 

The calculated and experimental  pitching-moment  effectiveness 
increased w i t h  f lap  chord, f l a p  span, and w i t h  increasing flap spanwise 
locatiog out from the body ( table  I (c)  and f ig .  15). The values of the 
calculated  parameters were, however, somewhat higher  than  the  experi- 
mental  values ( tab le   I (a )  , (b), and (c),   respectively).  The maximum 
deviation between the experimental and cal.culated  results  occurred  for 

i 

. 

- 
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those flaps extending to   the  fuselage probably as a combined resu l t  of 
the test technique employed . w d  of wing-body interference. 

It should be pointed  out that slthough a center  or  outboard  flap 
location lnight be desirable. from the standpoint  of rol l ing moment, t h i s  
location may have disadvantageous yawing-moment and drag  characteristics 
as evidenced  by  figures  10 and 12. - 

CONCLUDING REMARE;s 

An investigation has been made i n  the Langley 9- by  12-inch  super- 
sonic b l a r d m  tunae l   a t  a Mach number of 1.9 t o  determhe the  effects 
of varying  the s i z e  and  location of. plain  flap-type  controls on a low- 
aspect.-ratio sweptback  wing. 

The most important findfng indicated by the experimental  Sesults ' , 

and  substantiated  by the calculations was the loss in flap  effectiveness 
caused  by the effec ts  of  the wing tip.' The wing t i p  influenced  the 
losding due t o  f lap  def lect ion  suff ic ient ly  t o  cause the f lap  locat ion 
for  maximum r o l l i n g a e n t   e f f e c t i v e n e s s   t o  move from an outboard t o  a 
midsemispan locstion as the   f lap  chord was increased from 25 to 45 per- 
cent  of. the w i n g  chord. A comparison of these  results and the  resul ts  
of 8 previous  investigation of a re la ted  unswept w i n g  shows that sweep- . 
back caused a small loss i n  lift and a 'related loss i n  rolling effec- 
tiveness,  but sweepback caused no change in  the general trends of f l ap  
l i f t .  -creasing  the sweep, however, tended t o  move the  f lap  location 
fo r  maximum rolling+noment  effectiveness from 811 outboard t o  a m i d -  
semispan loqgtion .. 

Linearized  theory  predicted  the  effects of changing the   f lap   s ize  
and  location on the characterist ic trende of the lift, rollingaoment, 
and pitching-moment effectiveness.parameter6. -The valuee of the  cal-  
culated  parameters were, however,  somewhat higher  than  the  experimental 
values. The maximum deviation between the experimental &d calculated 
results  occurred  for  those  flaps extendFng to  the  fuselage.  

langley  Aeronautical  Laboratory 
National  Advisory Committee f o r  Aeronautics 

Laagley Field, Pa. 
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# I  Figure 2.- Details of semispan w i n g  model. A l l  dimensions are in Inches. 
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Figure 3.- Lift characteristics of a semisp& wing with 45-percent-chord 
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