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XB-36 AIRPIME 

An investigation 

Kith a double elotted 
Lov-turbul~ce tuwml. 

By Jones IK Cahill 

drag o f  various slot-entx+ skirt. extensions AeYodynaslic lofrds 
were also determfned f o r  the f l ap  and fore f lap.  - : .  

A ek i r t  extension of 0.787~ w&.s found t o  'pFovide t316 best 
combination of high maximum l i f t  with f lap deflected and law drag 
with f lap  retracted. The data showed that  the maximum lift at 
intermediate (ao t o  45O) flap deflectians w a 8  lowered considerably 
by the slot-entry extension; but a t  high flap deflecttons the 
effect  wa8 small. An increase i n  Reynolds number from 2 -4 millim 

. to.6.0  million  increased  the maximum.lift coeff ic lent   a t  a f lap  
deflection of 5 5 O  froan 3.12 t o  3.30 and from 1.18 t o  1.40 f o r  the 
flay retracted conaftion, but did not greatly  affect  the maximum 
l i f t  coefficient  for intem@igtte flap d e f l e c t i q .  The f l a p  Etnd 
fore f l ap  load data indi-&ted that the -mum l i f t  coefficients 
a t  high flap deflections are limited by a breakaown in  the flow 
over the .flaps .* . .  . .  

INTRODUCTION - 

At the request of the Army Air Technical  Service Conanand,. 
t e a t s  were made in  the Langley two-d~ensional  low-turbulence tunnels 
on an a i r f o i l  mo&el w i t h  a double s lo t ted  f lap submitted by the 
Consolidated Aircraft Corporation. ' B e  model, which represented an 
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intermediate inboard wing eection of the XB-36 airplane was first 
tested t o  d e t e r n e  the effects on lift and drag characterlstica 
of' various skirt extens'i6ns ' a t .  the ..slot. entry. at  eb Reynolds number 
of 2.4 X lo6, L i f t  an& pi,tching-mvnt C h a r € ~ C t ~ r i B t i C 8  for flap 
aeflectione from 00. t o  55' and tPle e m c t  of a slot seal on t he  
drag characteristlcs'with' f Petracted were de-tfjrmined at a 
Reynoids ,numberr .of 4 4  X 10 k . with the slot exhnsion which was 
found t a  provide the  best combi&tihn .of. high pl~1ximum lift coef - 
ficienf with .flap deflected . a n d  low drag with f lhp  retracted. 
Aerodynamic loads for bow the flap' and; ths. fare f lap  were determined 
frsm pressure-&Lstributloq measuremants 
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flap  deflection, aegreee 

horizontal and vertical  posftions;  respectively, gf flap 
reference  point measured from t ra i l i ng  edge of s lot  l i p  

- 3  

MOIZL AND !TESTS . 
. .  

. .  

Tk;e body of the airfoil wa8 cone.tructed,'of: laminaked mahogany 
and t he  f lap  an& fore  f lap were made of steel. . A sketch of the ' 
a i r f o i l  and flaps is &own in   f igure i , w a  orunates  are &ven ZR 
.table 1. The airfoi l   sect ion w a s  fomed ,by a fa l r ing -between the 
NACA 63,4-422 root  section and ITACA 63(420)-517 t f p  section of the 
XB-36 wing and w a s  approximately 21.4 percent  thick. 

For the purpose of presenting the flap asla fo re  f lap  loads, 
a chord l ine w a s  defined  for the fore f l ap  as .the maxirmrm length 
line 'through the leading and trtiiling e e e .  Thie chord line-mde 
an mgle of 41.2O with the f l a p  chord l ine  and def inee the fore 
f lap  chord length as 8.33 percent of ,+e  wing chord. The f lap  m a  
fore f l ap  were fixed  together and were des&ned to operate as a . -  

single 'unit. B e  chord of the double slot tad flap m a  then ,24.5 ~ e $ -  
cent .'of the wing chord. When plotted,.  the  ordinates a8 given in 
table T show the f lap  .m& fore flap in  their  ,correct relative poeitton. . .  

Exploratory  teste were made at a Reynolde, number of 2 -4 million 
t d  determine f;he.effect oz1 l i f t  and drag  chqracteristica of -various 
skirt extensions at the slot entry as shotjn in . f igure 1- All of the 
mcceeding. teats were made w i t h  the 6Tdt-entry skLrt extension which 
was found t o  provide the  best combination of high maximum l i f t  coef- 
f ic ien ts  wi th  f lap  deflected and lar &rag coefficients  with'flap 
retracted, The l i f t  and merit characterist ics of the model were 
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determined for various f lap deflections at a Reynolds number of 
6 million. lzle effect on the drag characteristics of a seal that 
prevented the lealsage of air t h r o u g h t h e  alot whsn t h e  f l ap  i e  
retracted waa also investigated &.a Repold8 number of 6.0 million. 
Pressure-di  tribution measurements were made a t  a Reynolds number 
of 2.4 X 10 8 f o r  the  purpose OS. e a p a t i n g  t h e  flap and fore f lap  
loads.  The effect on the lift characteristic8 of small deviation8 
of the ,double' slotAed .fl&@ 'frm i t a  normal position was investigated 
a t  Reyno1:ds number of 2 .b million. 

L i f t ,  drag, and pitching-moment t%rbe were =de by the methods 
presented In reference 1 and the data were corrected t o   f r ee  afr 
values accordfng t o  the methods given i n  the appendix of reference 1. 

Data are s h m  fn.figme 2 f o r  tbe r t lzfoi l  w i t h  the flap  retracted 
w i t h  vartous slobentry skirt extensions. The gap between the f lap  
and the s l o t  l i p  was kept sealed during these teste. The skirt 
extermion is shown t o  have very l i t t l e   e f f e c t  on the lift character- 
i s t i c s .  The drag caefficfenta of the model w i t h  no skirt exteneim 
axe conelderably higher tkan those. w$th'eftner of tho skirt extensions 

and cruising flight. It may be noted that over a f a i r l y  large range 
of l i f t  aoefficfents the drag for the: intermealate skirt extension 
is lower than tha t  with the longest .skirt. It ' is  ,thought that this 
phenomenon is due to Sganuise flow of law enorgy air through t h e  slot 
and away from the plane of meaeurement of the drags when the model was 
equipped with *,e intemeaiate extension. Because the langest skirt 
completely faira over the gap a t  the 'e lo t  entry the measurenentB with 
the longeat skirt a r e  probably .more reliable and it would be advisable 
t o  use the higher drag for either of.theee cbnditims. The effect  of 
unsealing the f lap gap on the -drag qharacterfstics st a Reynolds number 
of 6 -0 million i s  ehom in figure 3 .  . The seal is ehmm t o  Brovide a 
consistent decrease i n  the drag coifficiente f-03. all l f f t  coefficients 
below about 1 .O at this Reynolds-number. ' .  . 

' i n  the range of lift coefficients' probably used for both high-speed 

, .. 
Figure 4: shows the effect  .on lift characteristics .of various . 

s k i r t  extension8 a t  a flap deflectirm.'of, No, and a Reynolde num'lier of 
2.4 X 106. The shorter skirt extensfone, are shown to cebuee a decrease 
in the lift' curve elope ma In -the . m x i m m  lift coefffcient. m e  
longest s k i r t  extension also cauae8,'. in xdditid '%o these) a change 
in  the zero l i f t  -le. ~ I .  .. . . .  . .  . .  

Lift characteristics for   f lap  def'lections'.froni bo t o  5 5 O  are 
ehown in figure 5 for three elcirt extenafons. .The max2mum lift - I .  
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coefficient and the l i f t  coefficient of Oo angle of attack are 
plotted  against  flap  deflection in  f igur0 ,6*  This flgure shows that, 
although  sthe lifts 'at the Bigheat m& lowest deflectfons are not 
greatly affected'by  the sldrt extension, a t  intermediate deflections 
between 200 and 45O approximately, a large loss i n  maximum l i f t  is  
caused by the skirt extension of 0 .825~  I The 0.787~ skirt extension 

. hqs little effect  an .the lift a t  00 -8 of attack  ?ut tlce 0.8egC 
. extenaion  decreases the l i f t  conaidiwEiS12 fcr Ilq &?flact.ioils of 
' . 30°, and 40' . A Elketch of the rear payt 02 We airfoil wlth the f lap  

deflected 40° is  shown or'each'gkeet of ffg(;zue.5& A cmparlson of 
these sketches- shows tht the longeet skirt extension blocks off %e ' 

fore flap almost . ccanple te~  at  ae bo defleotion . mie blocldng of 
.. t he  flaw'through the s l o t  between.the fl+p and the s l o t  lip is probably 
' . t h e  .cause, of the decrkaee in l f f t  w i t h  this skirt extension. At the 

higher  deflections ( 50° and 55O) the s l o t  is no longer cmpletely 
blocked ( f ig .  1) . 

. .  
. .  . . .  

. .  

. .  . .  

. .  
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. Lif t   c ia rac te r t s t ics  . f o r  the. motlel ~ f t h  the o .7@c skirt e+xtenatan 
' at  a Reynolds number of 6 Mllion are ahow in figure 7 .  The maxim 

i l i f t  coefficients. are '  approximEttely the same a8 ,those obtafned 'at .tke 
. . 'I . lower Reynolds number f o r  -&e, intermediate flap  deflections (see . . .  fig. 5(b) ) , but there is a noticeable  increase in .  the maximum l i f t  

'coefficients for both the highest  deflections (50° and 55O) and for  the 
flap  retracted  condition. The highest maximum lift coefficient msetsured 
at  t h i s  Reynold6 number was 3.30 a t  a flap aeflection of 350 canpared 
t o  a value of 3.12 a t  a'kejnolds number of 2.4 X 106 Pitching-&ament 
coefficienks of the mod01 f o r  'tho 9 -7.87~ skfrt exifension at a Reylablds 
nuniber o f  6 .O million  are-. shoG' i n  f i p e  8. It may be Been that- large 
change6 in t r i m  Eula s t ab i l i t y  may be expected through the angle of 

, attack range with the ?lap deflected. The t r i m  changes are- not 'SerZms 
since  they.occur a t  lift coefficient6.well below that at which the flap 
would normally be deflected. The etabfl i ty  changes are Important, how- 
ever, since they are de8kbillZI.q a t  high l i f t  coefficients and may 
tend t o  prmote adverse etallfng characterist ice.  

Flap and fore   f lap load data are shown in figure 9. The data 
include normal and chord force  coefficients and moment coefficiente . 

about the f lap  and fore flap l e a a n g  &gee . %e force and moment 
coefficients  are defined with respect to.the f lap  and fore f lap  chord 
l ines  - Ths f lap  and fore Slap, loads show 'a unif o m  variation w i t h  
fla@' deflection up t o  a deflectlori'of 40*. Above a deflection of bo 
the loads  not only cease t a  ahow a unifrom variation w i t h  flap deflection, 
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but also show irregular variations w i t h  l t f t  coefficient a t  a gzven 
flap deflection. Refemnee t o  figure 5(.b) ahowe 'that I a t  this 
Reynolds number, the l i f t s  al.so cease to increase,wlth f lap  deflection 
.above a deflection of bo,. . Load distributfori diagram~l f6r an angle 
of attack of 6 . l o  a t  ?flap deflections of ,40° and 5 5 O  .are shown in 
figure 1-0. These load dist,r$biltfon diagrams 'show that  the fla-p iQ., 
etalled a t  the 55"defleotion  although the flow ov6r the fore f lap  
mmalne goal., The f l a p  stall, of courae; cames a decrease, in  the 
load over tihe entire airfoil and, as. shown in f i g b e  9(b) ,  causes 
the load on the fore- flap t o  stop increaeing with f lap  deflec-kiono 
Them  cans side rations show that the loss  . in flap  effectiveness above 
a flap deflectlon of',bo is caueed lq a brealcdk'in the  flow ,over - 
t h e  flap 4 ' 

, . '  
I .  

. .  . -  
. .  . .. . .  . -  . .  . .  . 

' :. .Fore flap normhi force ,coeff.f:eients have @reviotisly be& reported 
(reference 2'). whlch,'weke a& hi& a8 5 .O . 'phis noimkl,iforce, co,ef - . 
ficient'was'measured, however, a t  a flag deflection of 65O whfle the 
fore  f lap normal-force coefficients  in  reference 2 for lower: deflections 
(bo and telow) were .about of +e 8&me magnitade as Qose' f o r  .me 
eonibinatton reported pa3e.r , Because ' t h e  loas .  in  l i k t  effecttve- 
neea f o r  'mi6 airfoil-flap cabinatton 2s a redit  .of the breakdam 
iq 'the 'flow 'over the' ' f lap &id because. a simtlar aouble slotted flap 
arrangemarit . t es t&  ori another airfoil  (reference 2 1 showed that it 
was possible to maintain good flaw characteristics to higher deflection8 
by a groper arrangement of flap and fore f lap  -po&ticns ,  it is possible 
that..the flap. asd fore flap positi,ons f o r  this cmbinatirm could .be 
changed t0 $roPride higher l i f t8  and higher flap loads. a t .  higher flap 
deflectione. : . . .  

e .  

-In ,order t o  de'termine t h e  'eff ic ' t  on maximum lift of small changas 
in  'lag position, lift,.da$a,w.erg obtained . a t  flap  de'flections of 200 
a n d .  30,. for fi&p 'positions slightly  displaced fr&: the positions 
cqrresponding to the gr6determtned- f lap path (fig. 1) . llheee data 'are 
shown-in figure 9 The. ~~ lift ,coefficient for  the 20° deflectton 
wa8,decaeased by the chwge fn -pos i t fan  idhile t h e  mafiraim lift c o d -  
fict.ent for the ,w0 def l ec t fq  yaa. fncreasea. 

.. , 

. .  
CONCiGrrSIONS 

"A model of a wing secti& of the XB-36 airplane waa .tested in 
the Langley two-dSmeneional low-turbulence tunnels t o  8how t he  .&fects 
of VariOUEl 610% .entry-ekirt extensions on, the aerodynamio character- 
i s t i c s .  ' The Pe8utEl O f  these tester pkOVi&& the following ConOlUSiOnS: 

' : 
, .  . ' 

. .  . ,  
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1. A skirt extenaim of 0'.7.87c was found to provide the best 
cambination of high mximm l i f t  with flap deflected and low drag 
with flap  retracted.  

2. I m e  maximum lift coefftcients .of the model wlth ~e f h p  
8t intermediate  deflects- f20° to 45O) were largely decreased by 
the slot-entry s M r t  eXtenSimj but at hfgher def1ec.tic-m the effect  
'of -the en t ry   aBr t  on mxlm~mr ,lif-b waa negligible. 

3 .  An increase in  Reynolds'number 'frd 2.4 kX&.hm to 6-0 lnillion 
increased the mfbximum lift coefficient from 3.12  to 3.30 a t  a f lap  
deflection of 55O, and from 1-18 to 1.40 for  the f l a p  retracted con- 
di t ion  but did  not greatly affect  t h e  
intermedPate flap deflectians. 

4. Flap and fore flap load data 
coefficients a t  hlgh f lap  d8fleCticaS 
the flow over t h e  flaps. 

Langley Memorial Aeronautical Iabomtmy 
National Advisory Cami tbe  f o r  Aeronautics ' 

Langley Field, Va. 
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r A l l  stat ions and ordinates i n  percent 
a i r f o i l  'ohord n5th respect to  a i r f o i l  
chord line 
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Upper Surfaae 1 Lor;er Surface 
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NACA RM No. L7A29 Fig. 6 

Figure 6 .- Var ia t ion  of m a x i m u n  s e c t i o n  lift c o e r f i c i e n t  
and   sec t ion  lift c o e f f i c i e n t  at 0' angle  of  a t t a c k  w i t h  
flap d e f l e c t i o n  for s e v e r a l  different slot entry skirt 
extens ions .  R = 2.4 X 106. 
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. 

F1gua-a 7 .- Section U t  oh.sseterlatlcs d a ring aeotion of ths m-36 airplane 
equipped  vith a double slotted flap. 0.7870 skirt extansion3 R = 6 X 106. 
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Fig. 9a 

. 
-.8 - .4 0 

1 

.4 .a 1.2 1.6 2.0 2 4  2.8 3-2 
Seotlon l l f t  cosflfolsnt, aL 

(a) Flap, 

Figure 9 .- Beation force and manent aharaoteristias l o r  a double  slotted rlo 011 a 
wing seotfon or the XB-36 afrplane. 0 . 7 q o  skirt extenaim: R 2.4 X 10 % . 
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