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AERODYNAMIC CEABAC‘I‘ERISTICS OF A WING SEC‘I'ION OF THE ~
XB-36 AIRPLANE EQ.UiPPED WITH A DOUBLE SIOTTED FLAP
By Jones F. Cshill

SUMMARY

An investig&tion was made in the Langley two-dimensional
: lov-turbulence tumnel on a wing section for the XB-36 airplane squipped
- with a double slotted flap to determine the effect on 1ift end -
© drag of various slot-entry skirt extensions. Aerodyna.mic loads
’ were also determined for the flap and fore flap.

- A skirt extension of 0.787c was found to provide thé best
combination of high maximum 11ft with flap deflected and low drag
with flap retracted. The data showed thet the maximum 1ift at
intermediste (20° to 45°) flap deflections was lowered considerably
by the slot-entry extension; but at high flap defléctions the
effect was small. An increase in Reynolds number from 2.4 million

%0 6.0 million increased the meximum.1lift coefficlent at a flap
deflection of 55° fram 3.12 to 3.30 and from 1.18 to 1.40 for the
flap retracted condition, but did not greatly affect the maximun
1ift coefficient for intermediate flap deflections. The flap and
fore flap load data indiceted that the maximum 11ft coefficients
at high flap defleotions are 1imited. ‘b,y a breakdown in the flow
over the .fleps.

INTRODUCTION -

At the request of the Army Air Technical Service Command,.
tests were made in the Langley two~dimensional low-turbulence tunnels
on an airfoil model with & double slotted flap submlitted by the
Consolidated Aircraft Corporation. The model, which represented an
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intermediate inboard wing section of the XB-36 airplane was first
tested to determine the effects on 1ift and drag characteristics
of variocus gkirt extensidms at. the slot. entry at & Reynolds number
of 2.4 X 106, ILift and pitchingﬁmcment characteristics for flap
deflections from 0° to 55° end the effect of a slot seal on the
drag characteristics with fé&p retracted were determined at a
Reynolds number of 6.3 X 10° with the slot extension which was
found to provide the best combinstion .of high maximum 1ift coef~- .
ficient with .flep deflected and low drag with flap retractsd.
Aerodynemic loads for both the flap end the- fore flap were determined
from pressure-distribution meesurements.

SYMBOLS
5 eection 11f%t coefficlent
czo' “eection lift coefficient at 0° angle of ettack
cy section maximum lift ooefficient | '
max
Cp -.-gection. pitching-moment coefficient ebout the atrfoil
?/h oo quarter chord ' point ' : oo
Oy ,section angle of etteck' |
eg - 'section dreg coefficient _ .
_ cnf : .-flap section normal force coefficient baeed on flap chord
"_cn . fore flap eection normal force coefficient based ‘on fore
e - flap: chord, Cenl fo )
ccf fWep eection chord force ooefficient beeed on flap chord
c fore flap sectlon chord force coefficlent based on fore

Cff flap chord’

' cmf flep section moment coefflcient about flap leading edge
e based.on flap chord ' .

cmf -wfore flap section moment coefficient about fore flep leading
f edge based on fore flap chord . .

c airfoil chord

————
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Sf - flap d._e‘fiection, degrees

X, ¥ horizontal and vertical pos:ttions',_ réspectively, of flap
reference point measured from trailing edge of slot 1lilp

. - Es -7, Eo-1p
AP pressure-difference coefficient, °o.-u_° .
' . Q5 ; o
where
Ho free -stream total pressure

Py P " local stgtic pressure at a point along the chord, on upper
end lower surfaces, respectively

q, free-stream dynamic pressure

©. MOIEL AND THESTS

The body of the airfoll was constructed. of laminated mahogeny
and the flap and fore flap were made of steel. - A sketch of the'
airfoll and flaps 1s shown in figure 1 and ordinates are glven in
table 1. The ailrfoll section wag Formed by a fairing between the
NACA 63,4-422 root section and NACA 63(H20)-51T7 tip section of the

XB-36 wing and wae approximetely 21.l percent thick.

" For the purpose of presenting the flap and fore flap loads,
a chord line was defined for the fore flap as the maximum length
line through the leading and trailing edges. This chord llne made -
an angle of 41.2° with the flap chord line and defines the fore

'flap chord length as 8.33 percent of the wing chord. The flap and

fore flap were fixed together and were designed to operate as a
single unit. The chord of the double slotted flap was then 2k.5 per-
cent ‘of the wing chord. When plotted, the ordina.tes asg given In
ta.ble I show the flap and fore fla:_p in their correct relative position.

Exploratory tests were made at & Reynolds number of 2.4 milliom

. %0 determine the effect on 1lift and drag characteristics of various

skirt extensions at the slot entry as shown in.figure 1. All of the

‘Bucceeding tests were made with the sllotfentry skirt extension which

was found to provide the best combination of high maximum 1ift coef-
ficients with flap deflected and low drag coefficients with flap
retracted, The 1ift and moment characteristice of the model wers
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determined for verious f£lap deflections at a Reynolds number of

6 million. The effect on the drag characteristics of a seal that
prevented the leakage of alr through the slot when the flap is
retracted was also investigated at-a Reynolds number of 6.0 million.
Pressure-digtribution measurements were mede at a Reynolds number

of 2.4 X 10° for the purpose of evaluating the flap and fore flap
loads. The effect on the lift characteristics of small deviations
of the double slotted flap ‘from its normel position was investigated
at Reynolds number of 2.4 million.

Lift, drag, and pitching-moment tests were mede by the methods
presented in reference 1 and the date were corrscted to free air
values according to the methods given in the appendix of reference 1.

RESULTS AND DISCUSSION

Data are shown in figure 2 for the airfoil with the flap retracted
with various slot-entry ekirt extensions. The gap between the flap
and the slot lip was kept sealed during these tests. The skirt
extension 1s shown to have very liittle effect on the 1ift character-
istics. The drag coefficients of the model with no skirt extension
are considerably higher then those. with'either of the skirt extensions
in the range of 1ift coefficlents prdbably used for both high-speed
and cruising flight. It may be noted thet over & fairly large range
of 11ft coefficients the dreg for the. intermediate skirt extension
is lower than that with the longest skirt. It 1s thought that this
phenomenon is due to spanwise flow of low energy alr through the slot
and away from the plane of measuremsnt of the drags when the model was
equipped with tre intermedlate extension. Becsuse the lengest skirt
completely falrs over the gap at the slot eritry the measurements with
the longest skirt are prcbebly more relisble and it would be advisable
to use the higher drag for eilther of these condltions. The effect of
unsealing the flap gap on the drag characteristics at a Reynolds number
of 6.0 millien is shown in figure 3.. The seal is shown to provide a
consistent decrease in the drag coefficlents for 2ll 1ift coefficients
below about 1.0 at this Reynolds ‘numbex . :

Figure 4 shows the effect on 1ift characteristics of various .
skirt extensions at a flap deflection of 300 and a Reynolds number of
2.k x 106. _The shorter skirt extensions are shown to cause & decrease
in the 1if% curve slope and in the meximum 1ift coefficient. The
longest skirt extension also causes, in eddition to these, a change
in the zero 1lift angle. ' L “ -

Lift characteristice for flap deflections from 0° to 55° are
shown In figure 5 for three skirt extensions. .The maximm 1ift
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coefficient and the 1ift coefficient of 02 angle of attack are

plotted against flap deflection in figure 6. This figure shows that,
although-the lifts at the highest and lowest deflsctions are not
greatly affected by the skirt extension, at intermediate deflections
between 20° and 450 approximately, a large loss in maximum 1ift is
caused by the skirt extension of 0.825¢. The 0.787c skirt extension
hes 1little effect on the 1ift at 00 angle of attack dut the 0.825¢
extension decresses the 1ift considersbl 7 For flep deflachtions of
30° and 40®. A sketch of ‘the rear pert of the airfoil with the flap

" deflected 40° is shown on ‘sach sheét of figure 5. A comparison of
these sketches shows that the longest skirt extension blocks off the
" fore flap almost completely at the 40C deflection. This blocking of

the flow through the slot bPetween the flap and the slot lip is probabdbly
‘the .cause . of the decrease in 1ift with this skirt extension. At the
higher deflections (50° and 55°) the slot 1s no longer completely
blocked (fig. l) . )

‘From the results of the preceding tbests the 0.787c skirt extenaiom
was chosen for the remainder of the investiga.tion , because the loss in
maximom 13ift coefficlent resulting from the uee- of ‘this extension ig not

‘great and some decrease in drag can be expected. below that of 'bhe wing

with no skirt -extension.

Tift cheracteristics for the model with the 0.787c skirt extension

" at 8 Reynolds number of 6 million are shown in figure 7. The maximum

1ift coefficients are’ approximately the same as those cbtained at the
lower Reynolds number for the intermediate flap deflections (see

B fig. 5(b)), but there is & noticeable increase in. the maximum 1ift
"coefficients for both the highest deflections (50° and 55°) and for the

flap retracted condition. The highest maximum 1ift coefficient measured
at this Reynolds number was 3,30 at a flap deflection of 55° compared
to a value of 3.12 at a Réynolds number of 2.% X 106, Pitching-moment
coefficients of the modsl for the 0.787¢ skirt extension at a Reynolds
number of 6.0 million are’ shown in figure 8. It mey be seen thet large
changes in trim and stabllity may be expscted through the angle of

~ attack renge with the flap deflected. The trim changes are not serious

since they occur at 1ift coefficients well below that at which the flap
would normally be deflected. The stabllity changee are important, how-
ever, since they are destebllizing at high 1ift coefficients and may
tend to promote adverse stalling characteristlcs.

Flap and fore flep load date are shown in figure 9. The data
include normal and chord force coefficients and moment ccefficients

~about the flap and fore flap leading gdges. The force and moment

coefficients are defined with respect to the flep and fore flap chord
lines. The flap and fore f£lap loads show ‘e uniform varistion with

flap deflection up to a deflection of 4OY. Above & deflection of Lo°

the loads not only cease to show & unifrom variation with flap deflection,
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but also show irreguler variations with 1ift coefficlent at a given
flap deflection. Referente to figure 5(b) shows that, at thie
Reynolds number, the 1ifts also cease 10 increase with flap deflection
‘above a deflection of h0° Load distribution diagrams for an angle
of attack of 6.1 at Tlap deflections of 40° ahd 55° are shown in
figure 10. These load distribution diagrams show that the flap is
stalled at the 55° deflection although the Plow over the fore flap
remains good. The £lep stall, of course, causes a decrease in the
load over the entire airfoil and, as. shown in figure 9(b), causes
the load on the fore flap to stop increasing with flap deflection:
These considerations show that the loss.in flap effectiveness above
a flap deflection of h0° is caused by a breekﬁown in the flow,over
the flap.; _ .

o Fore flep normal force coefficiente have previously been reported
(reference 2) which were as high a8 5.0. This normal-force coef~ -
ficient was measured, however, at a flap deflectlon of 65° while the
fore flap normal-force coefficlents in reference 2 for lower deflections
(409 and below) were about of the same megnitude as those for .the
_ combination reported in this paper. Because the loss in lift effective-
ness for this airfoil-flap cambination is a result of the breakdown
in the flow ‘over the flap and because & similar doubls slotted flap
arrangemerit -testeéd or another airfoil (reference 2) showed that it
was possible to memintain good flow characteristlcs to higher deflections
by a proper arrangement of flap and fore flap-positions, it 1ls possidble
that the flap end fore flap positions for this combination could .be
changed to provide higher 1ifte end higher flap loads at higher flap
deflections. - :

In order to determine the ‘effect on maximum 1ift of small changee
in flag position, 1ift data were obtained et flap deflections of 20°
and 307 for flep positiens 8lightly displaced from the positions -
corresponding to the predetermined flap path (fig. 1). These data are
shown-in figure G. The maximm 11t .coefficient for the 20° deflection
was decreased by the change in position %hile the meximim 1ift coef-.
flcient for the 30 deflectien was. increaeed .

CONGLUSIONS

A model of & wing section of the XB-36 eirplane was .tested in
the Langley two~dimensional low-turbulence tunnels to show the effects
of various slot entry-skirt extensions orn. the aerodynamic cheracter-
istice. ' The resulis of theee teete provided the following conelusions:
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1. A skirt extension of 0.787c was found to provide the best
combination of high meximm 1ift with flap deflected and low drag

with flap retracted.

+ The meximum 11ft coefficients of the model with the flap
at intermediate deflections {(20° to 45°) were largely decreased by
the slot—entry skirt extension; but at higher deflectlcois the effect
‘of the entry skirt on maximum 1ift was negligible.

3. An increase in Reynolds number from 2.} million to 6.0 million
increased the meximum 1ift coefficient from 3.12 to 3.30 at a flap
deflection of 55°, and from 1.18 to 1.40 for the flap retracted con-
dition but did not greatly affect the maximum 1ift coefficient for
intermediate flap deflections.

4. Flap and fore flap load data indicate that the meximum 1ift
coefficients at high flap dsflections are nmited. by a breakdown in
the flow over the flaps.
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TABIE T.-

OHRDINATES FOR MODEL OF INTEEMEDIATE

INBOARD WING SECTION OF XB-36 ATRPLANE

airfoll ‘chord with respect to airfoil

llne

All statlons and ordinetes in percent of
chord

Airfoil Section

dinete -
Statlon [gooer smﬁie n%o:er “Surface
o 0.971 |  =oees
+3125 1.32 -1.1
625 2.39 -1.7
1.25 73 -2.56
2.5 '2 - '52
| 2| 4
10 .26 -6.40
20 11.1 -8.26
0 12. 8.9
0 12.48 -8.5,
0 11.56 -7 .40
o 2:85 3%
0 5.25 2%
£ | i
188 0. -:O
Flap
Statlon fprer Surfase | Iover Serface |
& y TR
81.6 2.:?.2 -l-glst
82.6 —ee -1.
gﬁ 3 5% —
8226 307 S [
8 i -1.07
86.8 2. Z """
88.2 - I
90 a.go -2
92.5 1.87 =12
% - 1.2t 2
100" - - 06

Slot
Station| Ordinate
By | o
76. 175
77 2.26
7.6 2.81
s | 388
gi.e ' 3:§°
82:% g:g’%’
gﬁig 377
87" 3.4
Fore Flap
ordinat
Station [gorer SurFace ngoger Surface
755 vy -1
72_& 0.85 -1-32
76. 1.50 ~2.Q
2.1% -1.
7.6 2.5 -1.05
9 3.18 1.77
0.3 3.21 3-03
81 3.60 3-
82 3.71 3.
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Fig. 9b
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