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RESEARCH MEMORANDUM I 

INVESTIGATION OF' THE EFFECTS OF 

,LEADING-EDGE CHORD-EXTENSIONS AND FENCES IN COMBINATION WITH 

I$ADING-EDGE FLAPS ON THE AERODYNAMIC CHARACTERISTICS AT 

MACH NUMBERS FROM 0.-40 TO 0.93 OF A 450 SWEPTBACK, 

'WING OF ASPECT RATIO 4 

By Kenneth P. Spreemann and William J. .Alford-,~ ,Jr. 

SUMMARY 

This investigation was made to determine the effects of 60 full-span 
and 30 'partial-span leading-edge flaps in combination with chord-extensions or fences on ttie aerodynamic characteristics of a wing-fuselage configura­
tion with a 450 sweptback wing of aspect ratio 4, taper ratio 0.3, and 
NACA 65A006 airfoil sections. The investigation, was made in the Langley 
hi~-speed 7- by 10-foot tunnel over a Mach number range of, 0.40 to 0.93 
and B.n angle-of-attack range of about "':'20 -to 24~. Lift, 'drag, and­
pitcbing~moment data were obtained for all configurations. 

All the chord-extensions or fences in combination with the 60 full­
span an<:l 30 partial-span leading-edge flaps de'layed the unstable pitching 
tendencies to much higher lift coefficients than those obtainable with 
the basic wing up' to Mach nUmbers of 0.80 to 0.85. Beginning at a Mach 
number of about 0.80 to 0.85 the improvements," in, the pitching' moments in 
the high lift range were conside~ably reduced for ,~ the modifications 
investigated. The leading-edge flap, confi~ations alone'or the chord­
extension alone (no leading-edge flap deflection) were less effective 
than ' the combination of the two devices in delaying the unstable pitching-
moment tendencies to higher lift coefficients. I I '~, 

All modifications generally increased the maximum lift~drag ratios 
about 10 to 20 percent up to a 'Mach number of about' 0.90. The minimum ' 
arag coefficients and the lift coefficients for maXimum lift-drag ratios 
were increased by all of the modifications; however t~e 30 partial-span 
leading-edge flap configurations gave about half the increase$ provided 
by the 60 full- span leading-edge flap configuratibns. 

From over-all considerations of stability and performance it appears 
that with the model of this investigation the 60 full-span leading-edge 
fYaps in combination with the chord-extension ' over the outboard 35 percent 
of the span, with or without leading-edge camber, would be the most desir­
able configuration. 
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INTRODUCTION 
( . 

In order to obtain the full benefits of the high lift coefficients 
obtainable with a thin sweptback wing, the detrimental effects of high 
drag and instability in the high lift range must be overcome. Flow 
surveys have shown that tip separation on a thin sweptback wing is 
strongly irifluenced by a leading-edge separation vor~ex that " is generated 
on the upper sUrface. (For a more detailed discussion of this type of 
flow phenomenon, see refs. 1 and 2.) Low-speed wind-tunnel tests (refs. 2 
and 3) have shown that the high lift stability characteristics can be 
improved by causing the leading-edge separation' vortex to shed' from the 
wing before growing large enough to cause tip separation. This controlle~ 
shedding of the leading-edge vortex can be effected by use of an obstruc­
tion such as a fence or by a chordwise discontinuity such as a leading­
edge chord-extension, which seems to provide an aerodynamic barrier to 
the growth of the leading-edge vortex. 

In a previous investigation (ref. 4), ' outboard leading-,edge chord­
extensions or fences, when employed on the present wing-fuselage combina­
tion, provided substantial improvements in high-lift longitudinal sta­
bility characterist~cs, at least within the Mach number range below 0.90. 
Such devices, howe~er"had only small effects on ,performance character­
istics. Other investigations (for example, refs. 5 and 6) have shown 
that by deflecting a leading-edge flap appreci~ble increases 'in lift~ 
drag ratios can be achieved at Mach numbers up to 0.90 but with little 
improvement in high-lift stability. Therefore, the purpose of the present 
investigation was to determine to what extent the gains realized through 
the use of chord-extensions or fences to improve high-lift stability and 
the use of leading-edge flaps to improve lift-drag ratios could be com­
bined to improve simultaneously the high-lift stability and the lift­
drag ratios. 

Unpublished results of full-span and partial-span leading-edge flaps , 
of 30

, 60
, 100

, and 150 deflection on the wing used in the present inves­
tigation indicated that the 60 full-span and 30 partial-span flaps were" 
in general, the best leading-edge flap arrangements for imprQving the 
lift-drag ratios of this model; consequently these two flap ,configuration's 
were selected for the present investigation. This investigation was made 
to determine the effects of these two flap arr~nts in combination_ 
with chord-extensipns or fences on the aerodynamic characteristics of a 
wing-fuselage configuration with a 45° sweptback wing of aspect ratio 4, 
taper ratio 0.3, and NACA 65A006 airfoil sections. 

The investigation was made in the Langley high-speed 7- by 10-foot 
tunnel over a Mach number range of 0.40 to 0.93 and an angle-of-attack 
range of about _2° to 24°. Lift, drag, Bnd pitching moments were obtained 
for all configurations. ' 

C~ 

, , ' 

• 0 

t, -



'"' 

NACA RM L53A09a 3 

COEFFICIENTS AND SYMBOLS 

I 
All coefficients presented herein are based on the wing area without 

chord-extensions. The coefficients and symbols used in this paper are 
defined as follows: 

lift coefficient, 

drag coefficient, Drag 
qSw 

pitching-moment coefficient referred to O.25C, 

dynamic pressUre, ~V2, lb/sq ft 

Pitching moment 

qfiwl! 

.... 

Sw wing area, sq ft 

Sb area of base of model, sq ft 

c 

c 

b 

p 

V 

Po -, 

M 

R 

a. 

~a, 

K 

2'l b /2 ' . mean aerodynamic ~hord of' wing, S" c2dy, ft 
,0 

local wing ,chord, parallel to plane of symmetry, ft 

wing span, ft 

air density, slugs/ cu ft' 

free-stream velocity, ft/sec 

fre"e-stream static pressure, lb/sq f't 

Mach number 

Reynolds number of wing based on c 

angle of attack of fuselage center line, deg 

local angle-of-attack change due to distortion of wing, deg 

correction factor for CLa, d~e to wing dis~ortion 

CONF~ • 
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Cillo 

Comin 

(L/D)Ill!l.X 

(L/D)mod 

(L/D)basic 

I' 
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oCr, 
lift-curve slope, 

do, 

incremental change i n aerodynamic-center location due to 
wing distortion 

spanwise distance f r om plane of symmetry, ft 

flap 'deflection of inboard leading-edge flaps (0.139b/2 
to 0.426b/2 shown in fig. 1), deg 

f~ap deflection of outboard leading-edge flaps (0.426b/2 
to 1.OOb/2 shown i n fig. 1), deg 

pitching-moment coefficient at zero lift coefficient 

minimum drag coefficient 

maximum lift-dr~g ratio 

perfQrmance ratio; lift-drag ratio of modified wing-fuselage : ' 
. configurations referred to the lift-drag ratio of basic wing-

, fuselage configuration ' " 

lift coefficient at maximum l~t-drag ratio 

MODEL AND APPARATUS 

.' , 

A drawing of the wing-fuselage combination showing details of the 
leading-edge f~aps and chord-extensions employed is presented in figure l. 
Details of the ,fence and fence positions tested are shown in figure 2. A 
'photograph of the model, with 60 full-sp~ flap and a chord-extension, 
mounted on the sting in the Langley high-speed 7- by 10-foot tunnel, i -s 
shown fufigure 3. The wing employed in this investigation had 450 sweep­

- back of the, quarter-chord line, aspect ratio 4, taper ratio 0.3, and an 
NACA 65~006 airfoil section parallel to the' plane of symmetry. Ordinates 
of the fuselage are given ,in table I ~ 

The 6~ full-span flap (designated as 5nA = 60
, 5nB = 60 ) was inves-_1 

" 

-, 

. " . 

p , 

1, 

tigated in combination with tp.e chordwise extensions of 10 percent c 1.0. 1 

from 0.6sp/2 to . the tip and from 0.70b/2 to the tip. Tests Of the chord-
, extension from 0.65b/2 to tip also were made with the leading edge of the 

chord-extension modified to provide camber and a furthe~ addition of , f-
1.0 'percent ' of the local wing chord to the chord-extension. Two fence 

. co~ 



. ,. f 

:: 

, 
I 

, 

. :'" .' \~ , ~ 

, NACA R!'1 ~5 3A09a ' c . co~ 5 

"i . , 

,~ '. . ,_ configurations we're arso investigated in combination .wi t h t he 60 full~ 
. ' span flap; 'one fence was at 0. 65b/2 and t he ot her was at 0.50b/2 . The 

fences were '105 . percent of the streamwise chords in length and were made 
of 1/16-inch-thick d,uralumin. 

/ The 30 partial-:sp~ flap (outboard 0 .426b/2 t~ tip deflect~d to 30 

and ' designated 'as . onA = 00
, onB = 30

) was investi_gated in combi nation 

with a chordwise eXtension of ' 10 percent c 'f rom 0. 65b/2 to the tip . 
The modified l~ading-edg~ chord-extension with .a cambered l eading e dge 
and 'a further addition of 1.0 percent of the l ocal wing chord to t he . \ '. 

\ ch6rd-extension' was , also tested on this configuration . 
, . , 

' The :flap-was' e 'stablished by cutting t he wing a long the 20-per cent­
chord, line, and ,flap angles ,were obtained with preset stee l inserts. 
After .s~ttj,.ng a des,ire,d flap angle, the groove iI;l the wing was f ill ed 
and finished off flush to the wing surface . The chord-extension was ' I _ 

made by using a larger insert to extend t he , nose secti~n forward O.lOc. 
The two segments of the airfoil (nose and trai ling7edge sections ) were 

" joined by a smootli fairing • . (See figs : 1 and 3 ).. Angular distortion 
of the _flap and ' chord-extension underload was negligible. 

, 

The model· was tested on the sting-type ~ suppo~ system· shown in ' 
'~ , figure 3! _ With :thiS' ,sy~tem the model was_. r emotely operat ed through an 

" adgle-of~attack r~g~ of ~bout _20 to 240
• A strain-gage balance mounted 

" ' insid.e the .fuselage was used to ·measure the forces and moment s of t he . . - . , ,' .. 
wing-fuselage combination. 

TESTS AND CORRECTIONS 

. 
. The investigation was made in the Langley high-speed 7- by la-foot 

tunnel. Lift, drag, and p~ tching moment were measured through a Mach 
~ nuniber range of 0.40 to 0. 93 and an angle-of-attack r ange of about _20 

'to 240 '. ' The ' sl'ze of the 'model caused the tunnel to choke at a corre cted 
~ Mach nUmber of about 0 '. 95 for ·the zero-lift c'ondition, ' a l though p art i al­

'choktng conditions may have oCGurred· in the high ang'le-of-attack range 
at a ' Mach number of t~ order of 0.93. , . .' 

. Blockage cor'"rections-. were ' determined by the method of r eference 7 
a.ri9.-were applied to the Mach numbers and dynamic pressures . J e t-boundary 

, . correcti~ns, applied to the angle of attack and' drag, wer e calculated by 
the method ' of reference 8. The jet-boundary c orrections to ~itching 
moment were 'considered negligible and were' not applied t o the data. 
Correct~ons for ' verticaliliuoyancy on the ' support strut 'and for longit udinal 

" pressureLgradient were , also considered negligible and wer e not applied to 
_ the data. 

CONF~ 
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I • No tare corrections were obtained; however, ·previous experience 
(ref. 9, for example) indicates that for a tailless' sting-mounted model, 
similar to the model investigated herein, the tare correct.ions ·to lift 
and _pitching moment are negligible. The drag data have been corrected 
to correspond to a pressure at the base of the fuselage equal to free-• stream stat~c pressure. ~or this corr~ction, the base preSSUTe was 
determined by measuring the pressure inside the fuselage at a point about 
9 inches f~rward of the ~ase. The drag correction (base pressure drag 
coefficient C:ob) was ~alculated from the measured pressure data by the 
relation 

Values of for average test conditions are presented in figure 4. .~ . . 
The corrected model drag data were obtained by adding the base pressure 
drag coefficient to the drag coefficient determined from. the strain-gage 
measurements. ~ 

" . 
The angle of attack has been corrected for deflection of the sting­

support system imder load : Correction factors for the effects of aero­
elastic distortion of the- wing. were' obtained by static loading t 'o ' simulate 
elliptic span loading and these correction factors are presented in fig­
ure 5. These correction factors were not appliei to ~he · data. 

The mean Reynolds number variation with Mach nUmber for the wing of 
this investigation is presented in figure 6. 

RESULTS' AND DISCUSSION 

The data are presented in figures 7 to 18; a detail~~ IJsting of 
the data is given in table II. The data .for ·the bas,ic wing are presented 
ip each figure for a basis of comparison -and data for each 'configuration 
are given for a range of Mach numbers from"O.40 · to 0.~3. The slopes 
presented in figures 15 to 18 have been averaged over a lift-coefficient 
range of about 0 to 0.4. 

Lift Characteristics 

Some aspects of the lift in this paper are pertfnent to the purpose 
of obtaining lower drag at high lift; consequently the lift characteris­
tics are in general discussed in .this vein. The 60 full - span leading­
edge flaps with plain chord-extensions (configurations 3 and 4) gave 
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larger -gains in lift overthe basic wing-fuselage configuration (configu­
ration 1) in the high angle-of-attack range than tho'se obtained ' with the 
60 full-span flap alone (configuration 2) particularly below O. ~O Mach 
number (fig. 7(a)). However it may be observed that in the high Mach 
number range (0. 80 to 0.90) the leading-edge flap alone gave about the 
.same gains in lift as when in combination with the chord-extension. 
Included in figure 8 are the aerodynamic characteristics of a cho~d- " 
extension _running from 0.65b/2to the tip without leading-edge flaps , 
(from ref. 4). These result~ are presented .in this paper to give a more 
complete evaluation of leading-edge flap and chord~extension combinations. 
It can be observed in figure 8(a) that the chord-extensIon' alone (con-

, figuration 5) was not as effective as when combined with the leading-edge ' 
flap (configuration 3) in extending the lift coefficient in the high ' 
angle-of-attack range . below a Mach number of 0.85. Comparison of ~ig-

, ures 7(a) and 10(a) shows that the addition of either fence configuration 
to the 60 full-span flap (configurations ' 10 and ll) did not greatly alter 
the increases in lift coefficient in the high angle-of-attack range from 
those of the 60 full'-span flap alone (configuration 2). The 30 partial­
span leading-edge flaps and chord-extension combinations (fig • . 9 (a), 
configurations 8 and 9) generally gave no more than half the increases 
in lift coefficient in the high angle-of-attack range that were given 
with the 60 full-span leading-edge flap with chord-extensions (fig. 7(a), 
configurations 3 and 4). 

The lift-curve slopes 
oCL -- would not be expected to be , greatly 
00, ' . -

affected by any of the modifications of this investigation, and as can 

8 
,dCL I 

be observed in' figures 15 to 1 the increases in --- over the basic 
do, 

wing were no more than about 4 to 6 percent. Note that point values are 
given in the summary figure for the 0.50b/2 fence because it was felt 
that insufficient data were obtained to warrant faired curves. 

The 60 full-span _flaps and modifications thereto usually gave posi­
tive ~gles of attack for zero lift, .a.cL=O,througbout. the test range 

of Mach number; whereas the 30 partial-span flaps and modifications 
provided negative values 0f a.cL=O above a Mach number of about 0. 65 

(fig,S ~ 15 to 18). A similar reversal in a.cL=0 was obtained for a 3.30 -

partial-span leading-edge flap reported in reference 5. .This unusual 
result may be attributable to induced effects in the vicinity of the 
flap juncture with the chord-extension. 

CO~ 
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Drag Characte,ristics 

All modifications involving the 60 full-span leading-edge flaps 
(configurations 2, '3, 4, and 6) including the two fence configurations 
(configurations 10 ,and ll) increased the minimum drag coefficient Cnmin <\ 

about 0.003 over that of the basic wing up to a Mach number of 0.90. At 
the highest test Mach number (M = 0.93) Comin for these configurations 
was increased about 0.006 (figs. 15, 16, and 18). The chord-'extension , 
alone (no leading-edge-flap deflection) caused practically no increase 
in Cnnu.n at low Mach numbers but above a Mach number of 0.70 caused an' 

increase in Cnmin of about half as much as with the flap deflected 60 
, 

(fig. 16, configurations 5 and J). The 30 partial-span leading-edge 
flaps alone (fig. 17, configuration 7) gave hardly any increase in CDmin, 
throughout , the Mach number range; however, in combination with the chord­
extension and chord-extension plus leading-edge camber (fig. 17, config- ' 
urations 8 and 9) the 30 partial-span flaps gave about half or two-thir ds ' 
the increases in Cnmin indicated with the 60 full-span fl!1ps _and 

modifications. 
, ,. 

All modifications' involving both' the 6
0 f~-span and 3° p~ial-

, I 
span leading-edge flaps caused the arag curves to be shifted so that in 
the bigh-lift range the drag coefficient for a given lift coefficient 
was reduced with relation to, the basic wing. ; (See parts (b) of figs. 7 

~ to 10.) _ It may be noticed in particular that the chord-extensions and 
chord-extensions plus leading-edge 'camber ' (configurations 3, 4, and 6) 
gave greater reductions in drag relative to the basic wing in the high 
lift-coefficient range than the other configurations investigated. How­
ever, it should be observed that the reductions of CD in -the hi~-lift_ 1" 

range were much less for the 30 partial-span flap configurations than for "' 
the 60 full- span flap ' configurations. From" figure 8 (b) it can be seen 
that the chord-extension alone (configuration 5) reduced the drag only 
in the highest lift range. Furthermore, these reductions were consider­
ably less than those obtained when the chord-extension was employed in 
combination with either the 60 full-span or 30 partial-span l~ading-edge 
flaps. The two fence configurations did not appreciably alter the high­
lift drag of the 60 full-span fiaps (fig. 7(b), configuration 2 and 
fig. lOeb), configurations 10 and 11). Considering the nature of these 
results it appears t 'hat the leading-edge flap 'deflection was the largest 
single factor in reducing the drag coefficient at the highe! lift 
coefficients. 

Lif't-Drag Ratios 

I 
I 

.. -

:.. 

, ! 
\ 

. \ 

, .. 

The 60 full~span leading-edge flap with ~hord~extensions (configlira- , 
tions 3 and 4, fig. 11) or with chord-extensions plus leading-edge cambe'r 
(configuration 6, fig. 12) provided substantial ilnprovements ' in lift-drag , e 
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, . , 
' :r;-at:tos 'above CL = 0.2 to 0.3 up to a Mach number of about 0. 90 over 
the ba_~ic wing-fuselage configuratipn. The 60 full-,span flap alone 
(configuration 2) gave somewhat' smaller improvements. In figures 15 
and 16 it may be observed that at CL = 0.70 ' the lift-drag ratios for 
the 60 full~span flaps and chord-extensions (configurations 3, 4, and 6) 
were about 30 to 60 percent higher than those of the basic wing-fuselage 
configuration. Above a Mach number of about 0.75 the 60 full-span flaps 
al.one (configuration 2) gave about the same improvements as wi th chor~­
extensions. , All 60 full-span flaps and chord-extensions lost most of 
their effectiveness in the limited' Mach number range between 0.90 to 0.93. 
From figures 12 and 16 it is apparent that the chord-extensions with no 
leading~edge flaps ' (configuration 5) gave much smaller imProvements in 

- , " lift-drag ratios in any lift or Mach number range than with leading-edge 
flaps, for example, at ' CL = 0.70 about ,4- to 6-percent improvement 
co~ared to 30- to 60-percent improvement with leading-edge f~aps. The 
3° partial-span flap configurations afforded about half the increases in 
lift-drag ratios that were obtained with the 60 ful17 span flap configura­
tions. (See figs. 13 and 17.) The fence configurations ' in combination 

., ,with .the 60 full-span flaps (configurations 10 and 11, fig. 14) did not 
, greatly affect the improvements in lift-qrag ratios ' reali~ed by the 
6° full-span leading-edge flaps alone (configuration 2, fig. 11). 

The maximum lift-drag ratios of ~he configurations with leading-edge 
flaps, chord-extensions, and f~nces have been referred to the maximum 

" lift-drag ratios of the basic wing-fuselage configuration to ' give the 

performance parameter 
(L/D)max 

mod 

(L/D)ma.x 
basic 

(see figs. 15 to 18). Models tested 

~ .. in various test facilities such as the transonic bump, .reflection plane, 
and sting have shown differences in value~ of Comin and (L/D)max 'for 
tests of the same model configuration (ref. 10); consequently it is ' 
believed that this performance ratio ' is 'a more reliable basis for com­
parison than the actual ' values of (L/D)max' 
. , 

, / (L/D)max..... 
/ --'IDod 

The parameter 
(L/D)~ 

indicates that chord-extensions on , 
, , baSic 

~J /'. tp.e 60 fUll-span flap (cOnfi~ations 3 ,and 4, fig. is) increased (L/D)max 
, ' about 10 to 15 percent over that of the basic wing-fuselage configuration 

up to a Mach .number of about 0.90, but the 60 full-span. leading-edge flap 
al()ne' ·(g.onflgurai1ion 2) gave only ab.out half the increase in (L/D)max 
afforded when 'in combinl;l.tion with the chord-extension. Addition of the 

, cambere~ le'ading edge to the chord exterision fr~m -0.65b/2 to tip (con­
figU~ation 6, fig. 16) increased the~ improvements in (L/D)max to about 
15 to 20 percent. From ffgure 16 it can also be seen that the chord-

., extension ~lone (no leading-edge flap deflection, configuration 5) gave 

CO~TIAL 
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valueaof . (L!D)mai , somewhat lower ' than those of the basic wing-fuselage 
combination. The 30 partial-span flap and chord-extension modifications 
produced somewhat smaller improvements in ' (L/D)max than the 60 full­
Span flap modifications (figs. 15, 16, and 17 ). The two fence configura­
tions had ' little or no effect on (L/D)max, which as shown in figure 18 
gave about the same values of (L/D)max as the 60 full-span flap' alone. 

, , 

All modifications to' the wing ' leading edge lost effectiveness above a 
~ch number of 0.90 ex~ept the 30 partial-span flap alone (configura­
tion' 7, fig: 17), which maintained values of {L/D)max greater or equal 
to those of the basic wing-fuselage combination ,throughout the Mach number 
range inv~stigated. +he effectiveness of the 30 partial-span flap alone 
on (L/DJmax at thehigh~~t Mach number probab~ can ?e attributed 

largely. to the low values of CDmin for this particular configuration: 

All ' 6~ f~l~sp~ flap mO~i~ications inc~eased the lift coefficient 
at maximum lift-drag ratio ~(L/D")max about 0.05 t 'o 0.10 over 'that of 

the basic wing-fuselage configuration. 
tions gav~ ~bout 'half the increases in 

The 30 partial-span flap modifica­
CL(L/D)max given by the 60 f~- ' 

span flap modifications. 
,-

Pitching-Moment Characteristics 
t 

"" ." I.~:..... ~ • 0 - ' "\. ;. v, 

Wi th either the 6 full-span or the 30 partial-span leading-edge 
flaps, all .chord-extensions, chord-extensions plus cambered leading edge, 
and fences provided improved stability characteristics over those of the 
basic· wing-fuselage combination at the higher lift coefficients and 'angles ~ 

of attack. (See parts (c) ' and (d) of figs. 7 to 10.) Both flap deflec­
tions ,alone (configurations 2 and 7, parts (c) and (d) of figs. 7 and 9) 
delayed the unstable' tendencies to higher lift coefficients and angles 
of attack but not nearly a9 much as when in combination with the afore­
mentioned modifications'. The chord-extensions alone (configuration 5, 
fig. 8) delayed the departures from linearity to higher lift coefficients 
and angles of 'attack but as may be observed from parts (c) and (d) of 
figures 8 and 9 they were not quite as effective as when in combination 

• with the 60 full-sPBlf or 30 partial-span flaps. 

The '60 full-span and 30 partial-span flaps alone (configurations 2 
and 7, -parts (c) and ~d) of figs. 7 and 9) delayed the instability about 

, . 0.10 ~ 'and about 1 to 20 be~ond that of , the basic wing-f~selage 

configuration; whereas when in combination with the plain chord-extension 
or chord-extension plus leading-edge ,camber (configurations 3, 4, 6', 8, 
and 9, parts (c) and (d) of figs. 7, 8, and 9) these values were usually 
more than doubled. However, above a Mach number of about 0. ?5 the improve­
ments di.ID.inished for all the lead:I:ng-edge modifications employed. The 
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chord-extension pl~s leading-edge camber on' either the 60 'full-sp~ or 
the 30 p'artial-span flaps (configurations 6 ~and 9) retained slightly 

II 

more effectiveness than any' other modifications at the highest Mach 
numbers investigated.; at a Mach number of 0.93 the pitch-up was delayed 
about 0.3 CL or about 40 angle of attack relative to the basic wing-
fuselage configuration (see ,parts (c) and (d) of figs. 8 and 9). ·However, 
because the tunnel may have been near choking conditions above an angle 
of atta~k of 70 or 80 at a Mach number of 0.93, points aboye th~se angles 
may be of questionable value. The , improved stability Which, occurs through­
out the Mach number range seems to result , frbm improved flow over t he out­
b,08.rd wing section with chord-extensions ' installed, as is -reflected by 
increases in lift and reductions in. drag at the ' higher angles of attack. 

The two fence configurations in combinat).oI!- witp. the 60 full-span 
, leading-edge flaps were somewhat less effective' than the chord-extensions 
in delaying . instability to higher lift coefficients and angles of attack 
.(parts (c) ,and (d) of fig. 10). In general all the chord-extensions and 
fences employed delayed the instability to considerably higher lift coef­
ficients and angles of attack, although the departures from linearity 'in 
the high lift and angle-of-attack 'range still 'may be unde~irable on the 
basis of dynamic-stability considerations. From over-all considerations 
of stability and. perf'ormance it appears that with the model of this 
investigation the ' 60 full-span leading-edge flaps in com9ination with ' 
the chord-extension over the outboard 3!:! 'percent, of t ,he span, with or 

.} without leading-edge cambe~, would.: be the most desirable configuration. . . . ~'. 

, ' ' dCm 
Curves of the pitching-moment slopes .-- in the low-lift range 

, . dCL , , . 
show that Mach number effects on the aerodynamic-center location were 
not greatly altered by any of the modifications to the basic wing­
fuselage configuration employed (figs. 15 to 18). All the modifications 
usually ' showed a tendency to shift the aer.odyn~c-center location 
slightly forward below Mach numbers of 0.80 to 0.85 and to prov'ide a 
slight rearward shift above these Mach numbers. 

, . , 

,The pitchiug-moment coefficients 'for .zero lift Cmo (f~gs. 15 to 18) 
, '. 

were not greatly affected' by any modification employed; except for a 
general tendency to become somewhat more negative with Ma~h number; thus 
trim changes attributable to , the ' wing-fuselage configuration that may be 
affec:ted by any of these modifications would be rather, small. ' 

_ CONCLUSIONS 

An investigation of the effects of a number of leading-edge modifica­
tions and fences on' the aerodynamic ' characteristics of a 450 sweptback 
wing of aspect rat~o 4 indicate the following conclusions: 

, 

c~ 
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-
1. All the chord-extensions, chord-extensions 'plus leading-edge ' . 

camber, and fences in combination with the 60 full-span 'and 30 partial- " 
span leading-edge flaps delayed instability to much higher lift coef­
ficients than those ,obtainable with the basic wing up to Mach numbers 
of 0.80 to 0.85. Beginning at a Mach number of about 0.80. to 0.85 the 
imp~ovements in 'the pitching moment in the high lift range were con­
siderably re~uced ,for a~Ll, the modifications investigated. 

2. The leadiug-edge flap alone and the · chord-ext~nsion .alone (no 
leading-edge flap) were ·less effective than when cbmbine'd in delaying 
the .unstable, pitching~moment tendencies to higher lift coefficients. 

3: 'Ali 'modffications incorPorating leading-edge .flaps ge~era.:tiy '. 
increased the maxim~ lift-drag ratios about lq ,to 20 percent up to a 
Mach numbe~ of about , 0~90. Ab'ove a Mach number of 0.90 all' of the 
modifications lost effectivene'ss ' except the 30 partial-span fiap alone, 
which gave increases in the maximum lift-drag ratios up t 'o a Mach number 
of -0.93. 

-, 4. Th,e 60 full-span leading-edge flap and modif'icationS incre~sed 
, the lift-drag ratios at a lift coefficient of 0~70 about 30 to 60 ' per­

cent over those' of the basic wing-fuselage, configuration throughout the 
Mac4 number range investigated; whereas the 30 pa,rtial-sp~ leading-edge 
flaps ~d modifications gave about half these ' increas~s at a :)..i~t , coef- ... ' , " 
flcient. of . o. 70. ' , .. " -I 

5. The minimum drag coefficients and the lift coefficient for maximUm 
lift-drag ratios were increaSed by all modifications; however the 30 .. 

partial-span leading-edge flap configurations gave about half the increases' 
provided by the 60 full-span leading-edge flap 'configuration~. 

6. In general all modifications showed no significant effects on the 
lift-curve slopes, angle of attack for zero lift, aerodynamic-center 
location, and pitching moment for zero lift. 

7. From civer-ail considerations of stability and performance it, 
appe,ars that with the model of t~is investiga:tion the 60 full-span , 
leading-edge flaps in combination with the chord-extension over the 
outboard '35 percent of the spfUl, with or without leading-edge camber, 
would be the ~ost de'sirable configuration. 

Langiey Aeronautical Laboratory, 
National Advisory Committee fqr Aeronautics, 

Langley Field, Va. 
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TAB'{..E I. - FUSELAGE ORDINATES 

[BaBic fineness ratio, 12; actual fineness ratio 9 .8 
. achieved by cutting off rear portion of body] 

~-------- 60 -----~ 
t--:-----~-- 49.2 ------4 .. 1 
'--'-x. --1 
. <::::::::: - --,-f "--.-' '-- ---- J = := == ==--

Ordinate, in. 

x - r 

0 ' 0 
. ·30 .139 ,. 
.45 :179 
.75 .257 

1.50 .433 '. 
3.00 .723 
4.50 .968 
6.00 1.183 
9.00 1.556 

12.00 
.' 1.854 

15.00 2.079 
18.00 2.245 
21.00 2.360 

" 
24.00 2.438 
27.00 2.486 
30.00 .2.500 
33·00 2.478 

: 36.00 2.414 
~ 39;00 2·305 

42.00 2.137 
: · 49.20 1.650 

L.E. radius = 0.030 in. 

15 
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TABLE II. - LIST OF FIGURES PRESENTING DATA. 

Figure Configuration OnA' cnB' Chord-extension Camber Fence Data 
deg deg location presented 

-
1 0 0 None None 

T 
Basic , 

7 
~ , 2 6 6 None 1 -1 ,\. 

3 J t 0.6sp/2 to tip 
4 .70b/2 to tip . 
1 0 0 None None None I Basic 

8 5 I 0 0 .65b/2 to tip ~ t ,t 3 , 6 6 ~ , 6 -6 6 On 

1 6 0 None 
.' 
None None Basic 

9 7 

1 
3 None t 1 \ ~ , 8 
~ .65b/2 to tip 

9 .65b/2 to tip On 

- I 
1 0 0 

, 
None None None Basic 

10 10 ' 6 '6 t ,J O.65b/2 ~ ' II 6 6 .50b/2 

1 0 0 None None None , L/D 

II 
2 6 ' 6 None J t l 3 t ,t .65b/2 to tip 
4 • TOb/2 to tip . ) -

\ . ' LID 1 0 0 ' None None. None , 

l2 
5 0 0 . 65b/2 to tip 

~ '1 'J 3 6 6 _t 6 6 6 On 

1 0 - 0 None None None L/D 
7 t 3' , None 1 l ' J 13 8 t .65b/2 to tip ,.1 

9 .65b/2 to tip On 

1 0 0 None None None L/D 
14 10 6 6 , ~ t · '.65b/2 J II 6 6 , .50--0/2 

I 

1 0 , 
, 

None None None SUlIllIIB.I"Y 0 
15 2 6 6 None t 1 ,J, - 3 - t t '.65b/2 to tip 

4 .70b/2 to tip . 
1 0 0 ' None ', None , None SUlIllIIB.I"Y 

16 " 

5 0 0 .65b/2 to tip t ' 1 -'J 3 6 6 .J ' 6 6 "6 ' 

1 0 0 None ' None None SUlIllIIB.I"Y 
7 t 3 None I _t 1 t· 

17 . 
8 t • 65b/2 to tip 
9 . 65b/2 to tip' . On 

1 0 0 None None NO:t;le SUlIllIIB.I"Y 
18 10 6 6 J ' ~ • 65b/2 t, il 6 ' 6 .50b/2 

, 

~' 

" -

" 

- ., 

, , 

'f .• 
~ , \ 

., . 

•• 1 • 

I ' : .. 

• I .... 

, , 

, .(. 
•• 1 
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/OO~ 

Chord-extenslon~ /~ , 
(OIOe) . /'/;/ 

BV ]~ I A / 

8. ~O.lOC ' 

4"-FO:~ 
~eading-edge chord-extension 

(flot to sea/e) 

Leading- edge chord-extension with 
OOlc cambered extension 

(not to sea/e) 

,. 65~ 

, 

Fus. SfU301X> i ' 

. Balance 

€ 

I' 
f------,--- 29.27 ---------.1 

f-----------49,20 

'---\-- 9.87(c) 

A /I dimensions in inches 

l1 -

, -

" 

" 

O,20c 

Figure l . - Test model showing details of , leading-edge flaps and chord­
extensions employed. 
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Details 0 f fences. 
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~ 

Figure 2.- Fences tested at O.65b/2 and O.50b/2 with full-span flap 
deflection of 6°. . 
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Figure 3 .. - View of model mounted in Langley high-speed 7- by lO-foot 
tunnel showing 60 full-span flap deflection with chord-extension 
from O.65b/2 to tip. 
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Figure 4.- Variation of base pressure drag coefficient with angle of 
. attack and test Mach number. 
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Figure 5.- Correction factors for the effects of aeroelastic distortion. 
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Modi f ication 
Config-
uration 8nA 8ns 

1 " ()" 0 0 

2 &------- 6 0 6 0 

3 <>----- 6 0 6 ° 
4 _-- 6 0 6 0 

, , , 

/ II{ 

Extension 

None ( Basic) 
None 
,65%- tip 
.70% -tip 

o 

24" 0 

~J~ 

~ ~ 

4'~ 

'. 

_.\' r;/ 
M IA'" 

~ 
L,.Ii 

V 
' Is reo 
~ 

k.t 

If" 
I.".<F .. 1..0' 

J...,.t 

.m il-"" 
..; 

,IIIf' 
f 

, 
23 

/0 / 

~ 
l . 

~' 

IA~ 

'P" W 9,3 

I~ I' 

P1l! 
/ VI 
(~ 

r} Ji 
f{J f ilii 

~ II l?> 

I .~ 
/I~ 

Ih 
~ ~' 

iii 
-Ri ' 

~ ~-II" o 

,2 4 .6 .8 /.0 12 -4 
.2 0 .2 .8 / ' ., , <if , 9 , 1.0 tI2 

. Lift c.oefficien t, CL' Lift cae {fie ient , CL 

(a) ~ plotted against CL . 

• 
Figure 7.- Aerodynamic characteristics of the wing-fuselage comb i nation 

showing effects of leading-edge flaps and O.lOE chord-ext ens ions. 

CONF~IAL 

, 



24 

-- -4~~ .L : ~_ 

Confiq- 8nA uration 
I 0 0° 
2 0-------- 6° 

3 0--- - 6° 

4 1>----- 6° 

$ . 

,-, , 

~ , -
I ' 

._ L 

~ .-
-f-- j F~ it!- -" 
--II-Ib.-, . 

Modification 
8n 8 . 

0° 
6° 
6° 
6° 

M 

Extension 

None (Basic) 
None 
.65% -tip 
.70% -tip 

1+ -+ 1 I 

! -t- 1 

-++ 
+1 

H-H--, 
-L. 

, I 

-.6e.-

I • 
. NACA RM L53A09al 
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1_0 12 -
[,',{ coefficient, CL 
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(b) Co plotted against CL . 

Figure 7.- Continued. 
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Figure 7.- Continued. 
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" 

,-

M 

.93 

90 

B5 . 

.80 

N 
'0\ 

n 
. ' 0 

~ 

% 
~ 

~ 
~ 
f£ 
~ 
'g 
\0 
\ll 

~ 



NACA RM L53A09a 27 

Modifica.tion 
Config- 8nA 8ns Extension 
uration 

/ 0 0° 0° None (Basic) 

5 G-------- 0° 0° ,65% '- tip ' 

3 0--- 6° 6° ,65if2 - tip 

6 <1- ---_ 6° 6° ,65% - tip ' comber 
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Figure ll.- Lift-drag ratios of wing-fuselage combination showing effects 
of leading-edge flaps and O.lOc chord-extensions: 
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