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FLAP WITH ATTACilED Bf4IANCING T'AB 

By  Raymond D. Vogler 

An Fmestigction WES =de at transonic  speeds i n   t h e  Langley  3igh- - speed 7- by 10-foot tmnel t o  determine  the  effec-l of en ettache2 bal- 
alzcing t ab  on t he  lift and hinge-moment charzcter is t ics  of a 23.4-percent- 
chord  full-span f h p  on a tapered 45.6O sweptback wi-ng with  aspect   ra t io  
of 3 ami tkickzless r a t i o  of 0.076. The teb, loccted 011 t he  inboerd 
t r a i l i n g  edge of the  f lap,  had a chord erd spen  one-half t he t  of %he 
f lag.   Lif t  and hir!!e-Eomeni; data were obtained for 2 range or" te.3 deflec- 
t i o o  from loo unbelancing t o  30' balancing, f lap  deflectFons betweel? f20°, 
angles of a t tack  From -2O to lGO, and a Mlch nmiber range from 0.75 
t o  1.20 obteined by using  the  transonic  bwp. 

In   order  f o r  the   t ab  t o  balance  the f h p ,  2 tzb-flzp  deflection 
r a t i o  02 approxim&ely 1 a t  subsonic  speeds  and 1.5 a-i supersonic  speeds 
WES indicated. The effectivecess of the  balanced f l a p  wzs &out 80 per- 
ce,?-i; of t h a t  of t h e  unbalanced ?lap at zero angle or" attack  but  decreased 
to about 67 percent at 16O Engle of attack. A t  supersonic  speeds,  the 
ra tes  02 change 02 ?lap  hinge moment -with flap  f ieflectfor,  ta5 hinge __ 
monect with tab deflection, end tab  hinge moEent - d t h  flap  deflectiofi  
were z-pproximately double the   r a t e s  at subsonic  speeds,  but %he r z t e  of 
change of flap  hinge moment w2th tab deflection  varied less with Mach 
nmber  than  the aforementioned  parameters. 

IN5SODUCTION 

In  the  past  f e w  years  the  Netioml Advisory Camit tee  for keroneutics 
hcs been studying  the problem of balancing  flsp-type  coctrols at transonic 
speeds by use of such  devices as overhexs,  horns, tabs, and auxi l iary 



0 .  

swfaces.  T??e resu l t s  of sme of these  stEaies  are  reported  in  refer-  
ences 1 t o  6. One method of balancigg which has been  successful  at low 
speeds and, from the  data of reference 3, appears  promising st transonic 
speeds is t3e atteched  tab. A t  the  present time, prec t ica l ly  no t ab  
hinge-moment data  are  avzila3le Tor the  transonic speed r a g e .  It was 
The purpose of this  investigation,  therefore,  to  extend  the Mach  number 
razge of t ab  and control hinge-moment deta and, i n   add i t ion ,   t o  determine 
the  effect  of an  &tache6  inboard teb on the  l i f t  effectiveness of a flap- 
ty-ge control on a sFiept wing. 

This  pzper  presents  the results of an  investigation of a low-aspect- 
r a t i o  sweptback wing  having a  full-span flap with en  attached  inboard tab. 
The chord end sp.m of the tab were one-helf of the chord and span of the 
f lap.  L i z 3  and ninge4mner,i; data were obtained  for a range of tab deflec- 
t ion  generally from a loo unbahncing  def lect ion  to  a so balancing  deflec- 
t ion ,  flzp deflections between t 2 O 0 ,  angles of a t tack from -2O t o  160, and 
a Mach Ember range f rm 0.75 t o  1.20. 

l i f t  coefficient , Txice  senispan lift 

c',* f l ap  hinge-mcment coefficient,  
Fl&p  hirge nament  zbouk hinge liae of f l a p  

9m' f 

C k  t&b hinge-nment  coeff i c i ec t  , 
TEb 3irg;e mment  about hizge  l ine of tab 

q m z  

AC7 incremest of fl&p hinge-monen?, coefficient  produces by f lap 
"f deflect  ion 

a_ efTective 6y&c pressure, pV2/2, lb/sq ft 

S twice wing area of semisgen model including  tab, 0.216 sq  ft 
- 
C mean aerodymaic  chard (teb exclused) , 0 .e68 i't 



? " f area moment  of flap (including  tzb)  behind  hinge lice about 
hinge l i ne  Tor seaiapan wing, 0.00122 f-L3 

1 

M ' t  Cree  mment OT tab behind  hinge l i n e  .=bout hinge l fne  f o r  
senispar, wing, O.OOOUI.- r?t3 

rd effect ive Mach nuxber 

R Reynolds nmber  based on  mean aerodynmic  chord 

a angle or" attack, deg 

% flap  deflection,  angle be-Lween wins-chord plane end f l apchord  
plane ~ e a s ~ " e d   i n  a plane  perpendicular t o   f l z p  hinge  line; 
posit ive when trailing edge of f lzp  is  dom-, &eg 

Et tcb  deflection,  aagle between flap-chord  plane and tab-chord 
plane  neeswed i n  a plane  perpendiculrr t o  tab hinge  Ifne; 
posit ive when t rz i l inz edge of tab Ls dohn, deg 

(-) 
a,M, 6f=0 

h 
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where 

Suascripts ou%si6e  parentheses  indicate  factors  held  constant durfng 
measurement 05 parmeters.  

MODEL Al4D APPARATUS 

The steel  senispan  basic wing (excluding tab) model used i n   t h e  
imestiga",ion had r. quarter:chord sweep angle of 45.0°, an  aspect  ratio 
of 3, a taper r e X o  of 0.5, an& a thickness  ratio of qproximetely 
7.6 percent  based on the  streamwise  chord (f ig .  1). The a i r fo i l   s ec t ion  
neasured i n  e plene &t 45' to the  plsne of syntnetry w e s  an NACA 64AOlO 
except f o r  the ir-board 50 percent  span back of the   f lap  hinge l ine .  Over 
the  span of t h e  f l ap  occupied by the  tab,   the   f lap llad been  altered  in 
prof i le  by fa i r ing  a s t ra ight   l ine  Trorc t he   f l ep  ninge line t o  the   t r a i l i ng  
edge of the  t&b. Beyond this  region,  tne normal a i r fo i l   sec t ions  were used 
as shown in   f igure  1. The wing was ec_uipped with a full-span  plain  flap- 
type colltrol and a semispan t a 3   a t t a c h e d   t o   t h e   f r a i l i q  edge of the   f lap .  
The chords of the   f lap  and tcb were 25.4 and 12.7 percent of the  chord of 
the  basic wing, respectively, measured pera l le l   to   the   p lane  of  symmetry. 
The f l ap  and t sb  gaps were approximkely 0.3 and 0.1 percent of the wing 
chord, resuectively. 

The model w a s  nounted on an electrical  strain-gage balatce enclosed 
withill  t3e  tramonic bump. The wing was atteched t o   t h e  balance mount 
through a wi-%-profile  cutoEt in   t3e  turntzble   that  forms part of tne  
surface of  t'zle bmp. A i r  flow between the wing r o d  and the  cutout was 
res t r ic ted  by a sponge-rubber seal  attackez t o  the wing butt  within the 
balance  caaaber. The shaft  of the flap,   coll inear wit:? the  hinge l ine,  
extended tbzough t:?e turntsble   into  the balance- charnber and on this shaft 
within  the chember  were  two of the f o u r  hinges the t  supported  the  flap 

. 



and a l so   t he   s t r a in  gage that measured the  hinge m0men"ls of t he  f lap tzb  
conbfnation. I n  a similar msnner, the tzb s t r a i n  gage  and oce of the  
three  binges  supporting  the  tab were  on the  extezded tzb shaft  within 
the bump chamber. The tab s t r a i c  gzge measured only  the  hinge monents 
of the  tEb, bu t   the   f lap   s t ra in  gage measwed the  hinge moEents or' the  
t o t a l  Erea (flap  plus tab) behind  the  flap  hinge line. Flap and t zb  
hi-nge  moments ami l i f t  were measured sinultaneously  with  calibrated 
potentioEeters. 

TESTS AND CORRECTIONS 

The model was tested i n  t h e  Tlow f ie ld  of %. trensonic bump mounted 
01 the f loor  of the  Langley  high-speed 7- by IO-foot tunnel.  Typical 
contours of Mach  number over t he   bmp   in   t he   v i c in i ty  of model location 
with moOel removed are shorn i n  f i w e  2. The t e s t  Mach number range 
was from 0.72 t o  1.20 and the angle-of-attack  range  from -2O t o  16'. 
Flap  hinge  mments were obtained throcgh e iieflection  range of f20° 
and tzb hinge moments through a dellection  renge  generzlly Tram a loo 
un'oalencing de f l ec t ion   t o  a 30° balancing  deflectim. 

I The var ia t ion with M2ch number OT mea= test  Zep-olds number based 
on the  mean aerodynaznic c:?ord is given i n  figure 3. 

j Wind-tunnel blockage  and jet-bountkry corrections were considered 
negligible  because of t h e   r e k t i v e  swll s ize  of the moael cmpared to 
t h e  s ize  of the tunael test  section.  Corrections t o   f l a p  and tab  deflec- 
t ions  made necessary  by shaft kwist  and strein-gzge beam bending  under 
loeds  hare been applied t o  the data. 

RES-ULTS "!ID DISCUSSION 

Presectation of Data 

The Zigures  presenting the  r e su l t s  of the  investigation are as follows: 

Figure st, Ef, Variables 
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Hinge-Momer?-L C'riaracteristics 
r 

P-s inOicated in   f igure  4 and as expected,  increasing  angle of a t tack 
produced increesing  negative hinge-lronzent coef l ic iez ts  of the  undeflected 
f lap  and tab. An i m r e a s e   i n  Mach  number also produced an  increase  in  the 
magnitude  of the  5inge-lconent coeff ic ients   a t  sLbsonic  speeds  but had lit- 
t l e   e f f e c t  at supersonic  speeds. Tne var ia t ion of t ab  and f lep  hinge- 
moment coeff  icients with f h p  deflections  (figs.  5 and 6(a) ) is nonlinear 
at subsonic  speeds at or near  zero angle of attzck,  but  the  variation 
tends t o  becoxe more linear  with  increese  in  angle of zttack or d t h  
increase i n  Mach nwber up t o  the mxfmun &flect ion tested. Fro= f i g -  
ure 6 one m y   e s t b a t e   t h e  mount of f l a p  def lect ion  that  a given  tab 
deflection is  a b l e   t o  balance  for  various  angles 02 at tack wader steady 
fl ight  conditions.  The var ia t ion of t&b hinge-monent coefficient  with 
tab  deflectioll  i s  nearly  l inear between tab  deflections of *IOo ( f ig .  7), 
and-the flap hinge-nomect coefficients produced  by tab  def lect ion  ( f ig .  8) 
on the  undeflected  f lap  varies  l inearly with tab deflectioms betwee-n, *lo0. 

Frm the  data of figures 5 t o  8, the  hinge-rnomzlt parmeters  of the 
f l a p  and tab were aetermined and they  are  presexted  in  figures 9 and 10. 
The slopes were measured near  zero  deflection, and since many of the  
curves are nonlinear,  design  information  for  larger  deflections should 
be obtained from the nir-ge-mmot  coefficient  curves  thenselves  rather 
than from t he  pzrameters. A t  small angles of a t tack of the  w7kg, the 
parameters chkst, chtgf, ci'.fg approxinately double irr v d u e  as 

the Mach number increases frm su5sonic t o  susersonic,  with  the  greztest 
f 



L rete of increase  occurring  near M = 1. The parmeter  Chfgt, wnich 

indicates  the  balzncing power of the tab, a l so  shows increased  values 
supersoniczlly  over su'Dso_n-ic conditions,  but  the  percentage  increase i s  
generally Zuch less thexl Tor the  aforeaentioned  parmeters. The r a t i o  
Of Chfg? t o  Chm is an  indicatton of t h e  r a t i o  of tab deflection to 

f lep  def lect ion (6t/6f) necessary Tor balancing the f l a p  hinge manefits 
produced  by flzy  deflection.  Figure 10 indicetes that a tab-flap  deflec- 
t i o n   r a t i o  of approximately 1 will enable the tab t o  balance flag hinge 
mment s prcduced by f lap  def lect ion zt subsonic  speeds, but a t  supersonic 
speeds a r s t i o  of approxinately 1.5 will be necessary  exceyt a t  high 
angles of attack. These r a t i o s  should  hold for  small fieflections,  but 
since  the  slopes or" t he   f l ap  hlnge-noment cu-xes resul t ing from teb 
deflection  (fig.  8) &ecrease st lzrge  deflections  while the slopes of 
t he   f l ap  hinge-moment curves  resulting from f lap  def lect ion  ( f ig .  6(a)) 
either  renain  constant or increase at large  deflectLons, one may expect 
t h a t  a l a rge r   t ab - fhp   de f l ec t ion   r e t io  w i l l  be recuired  for  balance E t  
the  larger   f lep  def lect ions.  

In   order   to   give some indication of r e su l t s  at larger  deflections 
E t  zero angle of attack,  f igure 11 %s prepared  after  taking  iato  account 

The curves of 6t against 6f =re p r sc t i ca l ly  l i x a r  for   f l sp   def lec-  

deflecticjns. m-e curves of Chi; ageinst Ef ( f ig .  11) may be used t o  
dete-dEe  the hinge-moment force t o  be overccme by some device  a-ltached 
t o  the   f lap  and actuaticg tbe tzb, since  the tab hinge-moment coeff i- 
cien ts   a re   the  coefficcie,rlts of the tab when the tab is deflected suTfi- 
c i e n t l y   t o   n u l l i f y  flas hinge momelris produced  by any indicated  f lay 
deflection.  For  exmple,   the  results of applying the data  of t h i s  
investigation t o  a full-scale  f ighter  plane w i t h  a horizon3al tail,  sim- 
ilar to  the  configuretion  tested,   Fndicate that 10' deflection of the 
tebs on both  elevators of 5.1 square-foot  are&  each will result i n  a tzb 
hinge noment of &bout 200 f oot-pomds E t  se2  level  a-i M = 1, or  s l i gh t ly  
less than 100 foot-pounds zt %. 20,000-foot a l t i tude .  

corrections t o  tab an6 flap  deflections through a se r i e s  of cross  plots.  

I tio-ns between *lo0, but  t5e  slopes  increase  very  sharply for l a rger  

The ebove discussion of t&b-flap  deflection  ratios does  not take 
into  considerztion the ef fec t  of chznging angle of a t tack on the hinge 
rnornents. As ind ica ted   in  figure 4, increasing  angle of a t tack  of the 
wing results in  imreasing  aegative  hinge moments of the tab and f lap,  
snalogous t o  the   e f fec t  of tab or   f lap   def lec t ion  on hinge  mments. Ir 
maneuvering f l ight ,   def lect ion of the  control  (aileron  or  elevator)  pro- 
duces e t rzns la t ion  of the coatrol  r e su l t i ng   i n  a cbsnge i n  angle of 

by the  deflection. Hence, i n  nsneuvering f l i gh t ,  t he  amount  of control 
hinge mment E t  a given  deflection t o  be  balenced by the  tab x-ll be less 

.I e t tack  of the  coatrol  opposi-le t o   t h e  chznge i n  angle of z t t sck  produced 

s t h a E  in  steedy  f l ight; .  
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L i f t  Characteristics 

The lift charzcter is t ics  of t h e  -ding w i t h  Tlap and tab undeflected 
are  presented  in  figure 12. The lift coefficients of f igure 12 e re  
feired  values  obtained  fron  figure 13. 

Since the  balancing  force or the tab is obtained by deflecting it 
oppositely t o  the f lap,  the lift effectiveness of the f l a p  i s  reduced 
by tab  deflection. The net l i f t  parmeter  of t he   f l ap  with a tab-flep 
deflectiori ratio suff ic ient   to   balznce  the  f lap hinge moment produced 
by flEp  deflection is obtained from the following  relation 05 the   param 
e t e r s  obtained by measuring slopes  near  zero  deflection: 

where 

The l i f t  parameters obtained f ro=  figure I3 and the 

net lift parmeter  obtained from the  re la t ion above are.  given i n   f i g -  
ure 14. In  general ,   the lifi parameters  decrerse some with Mach number 
except zt; higb  angles of a t tack and decrease w i t h  increasing  angle of 
attack,  except  the tab lift parameter, which  shows some increases. The 
net lift parameter of the balanced  control 

c@f end “t 

Ckf 
is about 

( Lf, 
80 percent or” the lift parameter of the unbalanced control 
zero  sngle of &tack  but  drops t o  zbou5 67 percent E t  a = 160. The 
net lift coefficient of the balanced f lep  for   larger   def lect ions at zero 
angle of a t tack i s  indicated in   f i gu re  11. Tne lift coefficient  varies 
l inear ly   with  def lect ion  for   f lsp  def lect ions between roughly +loo. It 
should  be stated,  t h o u ,  t;ne;t the values  given  in  figure 11 were besed 
on the  indicated 6f f o r  which Cnf was zero, and since 6f was 
obtained from curves  (fig. 6 )  t ha t  had been  determined by as few as two 
test   points,   the  values at large  deflections ir? f igu-re XL probably  are 
not suff ic ient ly   re l iable  Tor design  purposes  but  are  presented  only t o  
give  an  indicetion of the  effectiveness of the  tab.  

CLsf at 

. 
5 

? 



CONCLUSIOES 

9 

A wind-tunnel investigation a t  trensonic  speeds was made t o  deter- 
mine the lift and hinge-moment character is t ics  of a 7.6-percent-thick, 
45.6' sweptback wirg 05 aspect r a t i o  3, hzving a full-span  f lap and an 
inboard tab with  chord and span  one-half t he  chord and  span of the  f lap,  
and attzched t o  tine t r a i l i n g  edge of the   f lap .  Conclusions  based on t he  
investigation  are as follows : 

1. In order  for  the  tab t o  balance the   f lap ,  a tab-flap  deflection 
r z t i o  of epproximately I at subsonic  speeds and a r a t i o  of 1.5 at super- 
sonic speeds WES indicated,  brsed on small def lect iom and steady flight. 

2. Tne l i f t   e f f ec t iveness  of the  balanced  flap was =bout 80 percent 
of the  value of the unbalenced f l a p  at zero  angle of a t tack buk decreased 
t o  about 67 percent at 160 angle of attack. 

3.  A t  supersonic  speeds,  the  rztes of change of f l zp  hinge moment 
with flap  deflection,  teb  hinge moment with  tab  deflection, an6 t ab  binge 
moment with  flap def lectior? were approxhakely double the  r&tes  &t sub- 
sonic  speeds,  but  the  rate of change of f h p  hinge moment with teb deflec- 
t ion  varied less with Mzch number than  the aforementioned  parameters. 

Langley Aeronautical  Laboratory, 
National Advisory Committee fo r  Aeroneutics, 

Lstlrgley Field,  Va., October 14, 1954. 



10 NACA RM L3kJ28e 

REFrnNCES 

1. Lockwood, Vernard E., md  Hagemn, John R.: Aerody-mmic Clmracter- 
i s t i c s  at Trznsonic Speeds of a Tapered 45' Sweptback Wing of Aspect 
Ratio 3 Having a Full-Span  Flap Type or" Control With  Overhang 
Balance. Transonic-Bump  Method. NACA RM L 5 l L l l ,  1952. 

2. Lowry, John G., md Fikes,  Joseph E.: PrelimiEry  Investigation of 
Control  Characteristics at Transonic Speeds of a Tapered 4-50 Swept- 
back Wing of Aspect Ratio 3 Having a Horc-Balanced Full-Spen Con- 
t r o l .  NACA RM L5ZAll, 195.2. 

3. Lockwood, Vernard E., and Fikes,  Joseph E.: Preliminary  1nvestige;tion 
at Trznsonic Speeds of the  Effect of Belancing Tabs on the Hinge- 
Moment and Other Aerodpmic  Characteristics of a Full-Span Flap 
on a Tapered 450 Sweptback Wing of Aspect Ratio 3. NACA RM L52A23, 
1952 

4. Lockwood, Vernerd E., and Fikes,  Joseph E.: I rves t iga t ion   a t  Tran- 
sonic Speeds of the  Effect of a Positive-Lift  Balancing Teb  on the 
Hinge-Moment and Li.13 Characteristics of a Full-Spen  Flap on a 
Tzpered 45' Sweptback Wing OS Aspect Rztio 3 .  KACA RM L52JO9, 1952. 

5. Johnson,  Harold I., and B r m - ,  B. Porter: Measurements of Aerodynamic 
Chrac te r i s t i c s  of a 35O Sweptback NACA 65-009 Air fo i l  Model  With 

- -Chord Bevelled-Treiling-Edge  Flap and Tr im Tab by the  NACA W i n g -  1 
4 
Flow Method. NACA RM LgIU-I, 190. 

6 .  Lord, Douglas R., and Czarnecki, K. R.: Recent Information on Flap 
and Tip  Controls. NACA RM L53Il7a, 1953. 

. 



11 

Fig-me 1.- Geometric characteristics of the model. 
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Figure 2.- Typical Mach number contours over transonic bump in  region of 
model location. 

* 1 

I * 



1 a 

1.1 

R 

l.0 

-9 

.7 .8 .9 1.0 11 1.2 
M 

q 
t- 

Figure 3.- Variation of mean Reynolds number with Mach number. 
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Figure 4.- Effect of angle of attack on.flap hinge mments and on tab 
.hinge moments. sf % 0'; 6t w 00. 
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Figure 5.- Continued. 
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Figure 6.- Variation of flap  hinge-moment  coefficient w i t h  flap deflectic 
for various Mach numbers, angles of  attack, and  tab deflections. 
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(a) Continued. 

Figure 6.-  Continued. 
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(e) Continued. 

Figure 6.- Continued. 
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Figure 6. - Contimed. 
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(b) Concluded. 

Figure 6.- Continued. 
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Figure 6 . - Continued. 
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(c)  Concluded. 
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