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EZFFCTSOFDoDB~LOTTEDEzApsAMD -mDIFICATIORS 

ONTHElL0W4~ CHBRA~TLC!S OFAUEGI!+CAIZ45° 

SWRFT~ACKwIIp%~ARDWITHLlmfCAMBERARDTlJIST 

By Harry A. James and Joseph K. Dew 

c An investigation has been conducted on two large-scale, semispen, 
wing-fuselage models with the 0.25-chard line swept back 45o to deter- 
mine and compare the effecta of partial-span, double-slotted flaps on 
the characteristics of a 45O swepwack wing with and without caliber 
and. twist. An investigation was also conducted to determine the effects 
of various full-j lead-*dge modifications on the charactertstics 
of the models with and without double--slotted flaps. 

The results show that partial-span, double-slotted flaps -roved 
the high-lift end moment characteristics on both wing models. The 
improvements in maximum lift coefficient were from 0.9 to 1.2 for the 
wUg with no ca&er and twist, and from 1.1 to 1.4 for the wing with 
camber and twist; correspondfng increases in the lift coefficient at 
which large variations in force and moment characteristics took place 
were also realized. The increases, at zero angle of attack, -lift 
coefficient due to the double--slotted flaps were 0.62 for the wing with 
no camber and no twist, and 0.47 for the wing with canber and twist. 

The results show that of the two wing models the one with camber 
and twist attained higher lift coefficients before the rate of drag rise 
increased abruptly, indicating that section stall was delayed to higher 
lift coefficients. The increase zin this lift coefficient amounted to 
about 0.44 when the flaps were retracted and-about 0.28 when the flaps 
were extended. 

The best lead-dge mdffication on the wing tithout ca&er and 
twist increased the lift coefficient at which there was an abrupt 
fncrease in rate of drag rise with lift coefficient by about 0.23 for 
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the ting with flaps extended or retracted. For the cambered, twisted 
wing with flaps retracted.there was practically no. change. However, on 
this wing wlth.flaps extended an increase of about 0.11 was realized. L 

The theory of NACA TN 2278, 1951, was satisfactory for predicting 
the Uft increment, at O" angle of attack, due to the double-slotted flaps. 
The wing lift coefficient at which large variations In the force and 
moment characteristics occurred corresporided.approldmateLy gth the cal- -i 
culated onset of section stall. 

IIE!RCENJCTION 

The applicatipn of camber and twist to a swept wing was first of 
interest as a means of improving high-speed performance. It became 
evFdent, however, that the uee of caliber and twist to distribute the 
wFng load more uniformly at high speeds (low lift) would also improve 
the low-speed (high-lift) characteristics. Accordingly, an imestiga- 
tlon at low speed was undertaken on a large-scale 45O swept-back wing 
of aspect ratio 6, taper ratio of 0.5, ,and cambered and twisted for a 
design lift coefficfent of 0.4. Thelift, drag, and pitching-moment 
characteristics of this wing and one of similar plan formbut without 
camber and twist were reported in references 1 and 2. Since flaps ere 
commonly employed to increase the lift at low speeds, an investigation 
of the effectiveness of flaps on the two wWgs was undertaken and is 
reported herein. 

The psrticular choice of flap type and area distrtbution used in 
this investlgatlonresulted from the following reasoning. While the 
camber and twist chosen on the basis of highdpeed requirements gave 
some improvements in the high-lift characteristics, it was anticipated 
that at low speed more improvement could be realized from further 
increases in caxber and twist. Additional camber, to increase further 
the section maximum lift of the thin sections, and increased twist, to 
counteract the induced effects of sweep, together would enable all sec- 
tions of the wing to reach high lifts and more sections of the King 
to reach theFr maximum lifts simultaneously. Such f'urther increases in 
camber and twist at low speeds would be acceptable, of course, only if 
they could be eliminated at high speeds. . 

II 

Trailwdge flaps pesent a msans of effectively varying camber 
and twist in flight. By use of the theory of reference 3, it is possible 
to design a flap installation which provides a specified span loading 
distribution, which might otherwise be obtained by wing caniber and twist. . 
Analysis based on references 3 and 4 shows that a rough approximation of 
such a flap installation can be realized with a flap of partial span, 
provided that the lift increment due to the flaps and the maximum lift r 
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of the flapped section are both auffFcientl.y great. C!on.pded span 
loadings show that, with this sort of compro1~La8, the two-dir~~naion&l 
m8xfnmmlif-t of sections Just outboard of the flaps would have to be 
8XC8d8d if amifiC&nt gains ti lift W8r8 t0 be realized. The Bnalgaia 
Of reference 4 fndiCat8a that such a CirCUmStanC8 did exi~3t for the 
flapped wa considered in that reference. For the wing plan formunder 
study, doIib1e-al0tt8d flaaa eXtending from 0.2 semispan (WiIIg-fUH&ge 
Juncture) to 0.6 aemhpanwere therefore chosen in order to obtain high 
flaplift tncrements, high ma~$mwm section lifts, and an optUum utilfzsP 
tiOn Of available SeCtiOn mfiaum lift. Th8 f-p 68CtiOnS W8r8 ChOS8Il 
on the basis Of d&ta &V8n in r8f8reIlC8 5. 

a addition to th8 t8stS described abOV8, StUdieS Wer8 tiS0 made 
of several le -8 naodifications which, based on the results of 
r8f8reIlCe 2, were b8li8V8d t0 0ff8r the poas-lbiliw Of f'urther fmgroVe- 
ments in the hig&Uft characteristic8 of the tmcanhered, urhwisted. wing. 
These includedvarioua Cha32g8S in lead~-edg8 radius imdCazdb8r deai@ped 
to delay or 8Uminate separation of air flow from the wing leading edge. 
The effect of Increased lead-age radius and ca&38r_xaa also inve* 
tigated in the case of the caI&ered, twisted wing altaough the analysis 
of reference 2 ¶ndicated little or no gati would be expected. 

The dab exe presented in the form of atandezd ITACA Coeffici8nts 
which are applicable to a fuU-apan conf'iguration. MOmenta 8r8 referred 
to the quarter point of the mean aerodynamic chord1 (ffg. 1) and all 
coefficients ar8 based on the -ion+ Of the untwisted wing. 

CL lift coefficient * 
0 

CLsep 
lift coeffici8nt at xhfch rat8 of drag rise tith lift suddenly 

ticreassa 

% 
increment of lfft coeffici8nt due to flap deflection 

%he -an aerodynamic chord is located in the wbg reference plane 
defined bythe quarter-chmdline ofthewingpanelasdtheroot 
chord line at the axia of -try. 

%%e prOJeCted esea of the Mated wing at 0' angle of attack of the 
wing--root section waa apprOXimately 0.5 perC8nt less than the area 
of the untwfstedwing. 
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CD drag CO8ffiCi8Il-t 

WARM ~51~18 

Cm pitch*Iwnt coefficient 

cz section lift coefficient 

% section ideal lift coefficient 

%ELX maximum section lift coefficient 

D drag on aemL3pan wing, pounds 

L 15f-t on 88miapaxlwing, pounds 

M pitching nmment of aemiapan wing, foot-qounda 

s area of semispan wing, square feet' 

b Spt3ll Of COJ.Qkte Wing, feet 

F mean aerodynamic chord , feet 

C local chordmeaauredperpendiculartothe quarter-chordline 

C' local chord llleasured parallel to plane of -try, feet 

9 dJCWUiC pr8SSlE8, POUldS Per SqU&r8 foot 

Y apa.nwiae coordinate normal to plane of aymu~try, feet 

a angle of attack of wing root chord, d8gr88S 

E angle of -M.at with respect to root chord (posftlve for waahin), 
degree8 

rl fraction of semispan 

C 
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The principal dilnsnsions of the two semispan, wing-fuse~e models 
used in this investigation are shown in figure 1. Th8wind4Xlnn8lfloor 
B8rped as a reflection plane, and the models were supported on a turn- 
table, independent of the turn814loor structure, in such a manner that 
otiythe aercdynamic forces andmomerrts onth8wingfuse~g8wer8m3as- 
ur8d on the wind-tunnel six-component balance system. There W.S.S 8. 
l/&inch gap betW88n the fLIS8w and the tunnel floor. A Vi8W Of the 
semispan test installation la shown in figure 2. 

Except for differences of camber and twist, the two wings were 
similar in that they had 45O of sweepback of the quartercdhord line, an 
aspect ratio of 6, and a taper ratio of 0.5. Blf3plELillwlnghEldt3l 
NACA 64AOlO section nornval to the quarter-chord line and had no twist 
and no camber. The Cambered, twisted Weng had an XACA 64~810, a=&8 
(modified) section normal to the quarte=hord line and was twisted over 
the span to give 100 washout (streamwise) at the tip as shown in figure 1. 
Coordinates of the airfoil sections, derived from reference 6, ax8 pre- 
sented in table I. The wingtips were formadbyhalf--bodiea hating a 
local diameter equal to the corresponding thfCImeS8 of the tip section. 
Further details Of the design Of th8 tingS can be fOUId in reference 1. 

The fuselage shape was defined by a half-body of reVOlUtiOn tith 
a fineness ratio of 4.9; details of the fuselage thickness distribution 
are presented in figUr8 1. The chord line of each wing at the plane of 
8-m had Zero tiCid8IlC8 with r8Sp8Ct to the fuselage Center IWe. 

The double-slotted flaps (hereinafter referred to a-imply as flaps) 
used in this investigation extended from 0.20 s&span to 0.60 semispan 
at which points the flaps were terminated along lines normalto the 
75-percent-chard line. The mafn and foreflaps were u&-d and 
0.075 chord, respectively, measured normal to the quarter-chord line. 
Thzflap coordinates, choeen on the basis of results given In 
reference 5, are given in tables If: and III: Detailed views of the 
flaps are shown in figure 3. 
and the foreflap measured in'a 

The deflection angles for the main flap 
plane normal to the wing quarter-chord 

line were 55O and 30°, respectfvely. 

The various tiifi8d airfoil sections are denoted 1, 2, 3, and 4 
andue illustratedinfigure 3. The CoOrdinat88 Of th8S8 68ctiOIIS ar8 
given in table I. Of note is th8 fact that the tiading-edg8 radius of 
airfoil section 1 (O.OIU chord).ia equal to that of a lC+zrc8nt+'thick 
EIACA four-digit S8ri8S airfoil. Each of the leading-edge modifications 
extended over the 8QOSed SpanOf th8wiIIg. 
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TESTS AND coRREmoNs 

XACA RM ~51~18 

L 

Force tests of the two semispen models with the verioua high-lift 
devices were made through en angle-of-attack range from -8O through the 
angle of the -imum lfft ccefficient. The teats were all made at a 
Reynolds ntier of 8 million (based on a wing mean SeroQnamLc chord of 
6.21 ft) which corresponds to a dycamLc pressure of about 55 pounds per 
square foot and a Mach mmiber of 0.2. 

The foJ.lowFng jet-boundary correcticnrs, derived from reference 7 
for a aemiapan unawept%&& inatSJ.lation without flaps, were added to 
the angle--of-attack and drag-coefficient data: 

da = 0.26 CL 

AcD = 0.0045 CL’ 

No carrectiona were made for the effect of the tunnel-floor 
boundary-leyer Sir on the characteristics Of th8 mod&S or for the leak- 
aQ8 through the CleSrSnC8 gap between the fW8l.eg8 and the tunnel floor. 
Measurements of the total thickness of the boundery layer on the tunnel 
floor (at the 1?1d81 location) and on top Of the fUS8lEige (near the 
leading-edge of the wing) revealed the thiCknsSS8S to be of the Order 
of 14 inches and 1 inch, respectively, for the test conditions of this 
investigation. . 

RES’CL!PS AND DISCUSSION 

The lift, dreg, and pitch--t characteristics of the two 
semispan wing-fuselage models are presented in figures 4, 5, end 6. 
The configurations con&& of the models with and without flaps fn corn- 
bin&ion with v~rioua leading-edge modification& Figure8 7 and 8 
contain the lif%-dr~atio variations and the drag characteristfce; 
the titter are pr8a8ntid ina manner to show the relative gliding and 
sinking speeds of the various configurationa at sea level, baaed on a 
wing load- of 50 pounds per square foot. 

It should be noted that the data in figure 4 for the wings without 
flB,'pS SJ.8 from r8f8r8nC8 1. These data were obtaLn+d from teats' made .- 
prior to the trailing-edge modification to accommodate the flaps. They 
are cansidered t0 be more r8pl?888ntatiV8. Of the c18SXl COnfi@Iratiom 
since the profile of the wing with flaps retracted deviated som5&at 
from the original profile. 
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Lift and Pftch-=nt Characteristics 

Effects of the flaps on the characteristica of the plain wing.- In 
fFgure 4, it may b8 seen that the effects of the flap8 on the lift char- 
acteristics of the plain wing at O" angle of attack w8r8 to increase the 
lift coefficient from 0 to 0.62 and to r8duC8 the lift-curve slope from 
0.059 to 0.056. 'phe 1fft-curVe Slop8 for the Wing With ftipS extended 
was essentially linear up to a lift coefficient of about 1.00 at which 
point the slop8 began to decrease, marking the begming Of impOrta?It 
changes in the pitching-me& and drag characteristics (to be discussed 
later dn this report). The slope continued to, decrease as the lift 
iJICr8aSed, r8Sultlng in a rounded lif%CurV8 peak as the -imum lift 
coefficient of la20 was reached. This value represents a ga3n fn max- 
Lmtuu lift coefficient of about 0.30 due to the flaps. 

The 8ff8CtS of the f-p8 on the pitch-me& CharaCt8riStiCS of 
the plain Wing were t0 cauB8 (1) a pitCh~ment408ffiCient inCre- 
El8nt Of a.13 to -0.14 thrOUghOUt the lift-CO8ffiCient r-8 where the 
pitch3ngement coefficient varied linearly with lift coefficient, (2) 
a O.OErearuar d shift of the aerodynamic center, and (3) an extension 
Of the linear pOrtiOn Of the pitching-moment CUrv8 from a ldft COeffi- 
dent of 0.65 to LOO. At higher lift coefficients, extreme instabilitg 
occurred. 

Effects of the flaps on the characteristics of the &8r8d, iXiSt8d 
win&- In figure 4 it csn be seen that the effects of the flaps on the 
lift characteristics of the cambered, twisted wing at O" angle of attack 
were to increase the lift coefficient from 0.02 to 0.49 and to reduce the 
lift-curve slope from 0.060 to 0.055. The lift curve for this wing was 
essentially linear over the entire lfft range.3 The maximum I-If-t coeffi- 
cient of this wing with flaps was about 1.39. This value represents a 
gain in maximum lift coefficient of about 0.30 due to the flaps. 

The flap lift incr8ment (0.47) at 0' angle of attack was 0.15 less 
than for the plain wing even though the S8CtiOn profllea of the wings 
differed only by the shape of their mean carder 1-s. Visual tuft 
etudiea indicated rough8r air flow over the flaps on the camber8d, 
twisted wing than on the ptiti wing, which could be indicative of 
unsteady flow and separation resulting from exc8ssiv8 flap deflection 
or nonoptFmum slot design. The 55O deflection used for th8se tests was 

3D8ViatiOn is confinsd to a narmallyunirf~ortant low--range for a 
flapp8d a (below a CL of 0.251, in which the longitudinal cher- 
acteriatics of the can&er8d, twisted wing exhibited changes sugg8Stive 
of lower-surface flow aeperat~on as explained in reference 2. 

l 
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baaed on the best deflection and slot design for a section cambered for 
an ideal lift coefficient of 0.2 (reference 5) and therefore may not 
have been optimum for this highly cambered 88Ctim. The Shape of the 
after portion of the IVACA 6&X810 section reaenibles the aymnretrical sec- 
tion With the main flap deflected loo, and thus, with the addition of a 
flap deflected 55O, 
65'. 

the effective flap deflection may have been about 

The effects of the flapa.on the pitch-mnt CharaCteristiCS of 
the Cambered, twiSt8d Wing were to cause (1) a pitching+oment COeffi- 
cient change of about -0.08 at the wing design lift coefficient of 0.40, 
(2) a O.OE forward shift of the aerodynamic center, and (3) an extew 
aion of the near linear portion of the pitching+noment curve from a 
lift cosfficient of 0.80 to 1.30. Above a lift coefficient of 1.00, a 
gradual forward shift of the aerodynamic center occurred similar to the 
aerodynamic-center shift on the unflapped ving above a lift coefficient 
of 0.80. This shift was explained in reference 2 as being due to a 
progressive increase in trailing-edge separation on the outboard section 
of the Wing. At the maximum lift coefficient severe instability occurred. 

Effects of leading-edge modifications.- Since aleading-edgetype 
of flaw separation Was found to be the factor fixins the value of the 
lift coefficient at which marked Changes occurred &L the charaderistics 
for the plain Wing (X'ef8r8nC8 2), the leading-edge I-rtdiU8 Of the Wing 
was increased from 0.007 chord to 0.011 chord (airfoil sedion 1) and 
to 0.015 chord (airfoil secticm 2). The increased leadwdge radii 
were 80 pkC8d that the arcs were tangent to the upper-surface contour 
and that a curve tangent to the leadiwdge arc could be faired smoothly 
into the lower-surface contour of the XM!A &A010 section, thus intro- 
ducinga small amount of caliber near the leading edge of the section. 
(See fig. 3.) Airfoil section 1 had a theoretical cz of approximately 
0.1. Airfoil section 2 had a theoretical c 2i of a&oxin&ely 0.3. 
An additional modification Was made (airfoil section 3) whereby the 
O.Olwhord radius Was plaoed in a mannerwhichresulted inanin~rease 
in the forward cakber and gave a theoretical c2 of 0.6. 

1. 
ti figlJr8 5 aI' shown the 8ff8CtS Of the leading-edge modifications 

on the aerodynamic chsraczteristics of the plain wing. It may be noted 
that the data in figure 5(a) for the wing with unmodified leading edge 
and With flaps retracted differs slightly from the data for the plain 
wing with no trail~dge flaps which is presented in figure 4. It is 
presumed that this difference is attributable to a small change in the 
section contour which occurred as a result of the ,flap installation. 
Since this discrepanq inairfoilcontourwas commontothe various 
COnfi@;uratiO?M with leading-edge modifications, it ii3 believed that the 
incremental r8sulta w8r8 not affected by it. 
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Figures 5(a) and 5(b) show the effects of the modifications on the 
plain wing with and without flaps. tithe laW;td8rs;t8 lift range, 
th8 only noteworthy effect was a slight positive mr8mnt in pitchiT 
mOIIk3nt Coefficient which may have b88n due t0 a Change in the SpaDWiSe 
load Since it IS in th8 Opposite dir8Ction to what would b8 expected 
fromtwo4imensional considerations. Th8 effects of the modifications 
were of a more significant magnitude in the Upper lift range. Each of 
the modifications increased the near--linear portion of th8 pitchi- 
moment curve to a higher lift coefficient. With the flaps retracted, 
the increments in lift coefficient were 0.10, 0.10, and 0.17 for the 
airfoil SeCtionS 1, 2, and 3, respectively. With flaps extended, the 
respective IncreIllenta were 0.16, 0.21, and 0.34. Increases in ~ 
were also obtained by us8 of airfoil sections 1, 2, and 3, rea~ctively; 
they were 0.03, 0.04, and 0.12 when the flaps were retracted, and 
0.05,0.06, andO.l6whenthe flapswere extended. 

The O.Omhord+adius lead--edge modification was tested on the 
cambered, twisted wing (airfoil SeCtiOn 4) to deter- if any improve- 
nent in the flow over the lead- edge of th8 highly cankered section 
could be achieved by such an 8nlaIrgemnt of the l8adwdge radius snd 
increase in leadiwdge cauber. The results for this wing with flaps 
retracted are shown -In figure 6(a). In the low-lift range, the pitch- 
moment curve has b88I.L noticeably straightened out. This maybe due to 
a.7leviation of lo W8?+eUrfaC8 SeparatiOn over the l8adwdg8 pOrtiOn 
of the wing, known to f9&3t on this Wing (r8f8r8nC8 2). As Would be 
eXp8cted on the baafa Of the reStit Of r8f8r8IlC8 2, WheZ-dIl it W&S 
indicated that for this wing no serious lewdge flow--separation 
problem 8XiSt8d at moderate t0 high lift CoefffCieILtS, the 8ff8Ct6 Of 
the emged lead-8 radius on the Wing with flap8 retracted W8re 
negligible. For the wing with flaps, however9 the value of QmsX 
was increasedby about 0.10 with a corresponding extension of the nesr- 
linear portion of the pitching Dtcumeto ahigher lif% coeffi- 
cient (fig. 6(b)). 

Drag Chsracteristica 

The basic drag data of both models with and without flaps and with 
the VsriOUS lewd@;8 modifications ar8 presented in fi@Z8S 4, 
and 6, and together with the lif-kdrag ratio (I&l) as a function of 

5, 

lift coefficient in figllr8S 7 and 8. 

Drag and liftkkag ratio.- The drag charact8ristics.of both wings 
in the clean configuration (from reference 1) are included in figurd 7(a) 
for the purpose of evahating the effect of the flaps. At a lift coeffi- 
cient of 0.40 the incr8r@ntal drag coeffici8nta dus to f-pa were 
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0.050 and 0,065 for the plain wing and the canibered, twisted wing, 
r8Sp8CtiV8u. Th6 greater incremen-tjaldrag measured on the Cambered, 
twisted wing IS believed to be related to unsteady flow and eeparation 
resulting from the nonopt- flap setting as pointed out earlier. 
Both mOa818 with flaps h8~8 8SSeJrfd~ COnStaUt lift-drag ratios 
between a lift coefficient of 0.80 and the lift coefficient at which 
the rate of drag rise with lift suddenly increases, Ths greater rat8 
of increase is believed to be indicative of the beg- of stall on 
the wing. For convenience, the lift coefficient at which it occurs 
wm b8 referred to hereinafter as CL,. A maximum lif't4rag ratio . 
of 8.0 was obtained at a lift coefficient of 1.20 for the cankered, 
-kiatedWfngWithflaps extended, as CortQmedto armaximmlifi+drag 
ratio of 8.4 at a lift coefficient of 1.05 for the plain wing With flaps 
extended. It is interesting to note that at this value of lift coeffi- 
cient (1.05) the C8JIibered, twisted Wing in the clean conditinn had a 
higher value of lift&rag ratio than the plain King with flapa extended. 

In general, the leadmdge modifications (figs. 5 and 6) pr&.u.ced 
n8gligible effects ou the drag characteristics at low and moderate lift 
coeffici8nta. However, inthe highliftrange, the point of sudden 
increase ti the rate of drag rise with 1iFt coefficient Was shifted to 
higher valu8a.of lift coefficient. These higher valu8s of asep 
correspond to th8 highest valu8s of lift coefficient attained before 
the b8gFnning of sharp reductions in lift4rag ratio. 

In figure 8, the drag characteristics and lift-drag ratio of the 
modified plain w3ng (airfoil section 3) are c ompared to the characteri~ 
tics of the modified canibered, twisted wing (airfoil section 4). !Che 
beat modification on the plain wing resulted in higher values of I&I 
for lift coefficients below CL 

sep 
as compared to those of the modified 

cambered, twisted wa; hoX6VBr, the Cambered, twisted WFng with the 
flaps either retracted or extended attained a higher value of ksep 
than did the corresponding plain Wing configuraticms. 

Power-off glide.- The drag polars in figures 7 and 8 have a super- 
Fraposed grid of pow8r-off glide and sinking speeds computed for sea- 
level conditions and a wing loading of 50 pounds per square foot. For 
CO?XVeni8nC8 of COIZpaIFisOn be-keen the COIlfigut-atiOnS tested, the fO=oW- 
Fng table sm I.286 the relative glide and Sink3ng Sp88dS corresponding 

. 

to the vak18s of c, 
S8p: 
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Fig. Sinking Gliding 
Configuration no. Qsep 

(fqtrz, ;gg 

Plain wing 7(a) 0.65 16 173 
Canibered, twisted wing 7(a) 1.09 18 I-35 

Plain wing, flaps extended 
z? l*O8 22 

u4 
Ca&ered, twisted wing, flaps 8 1.36 21 119 

extended 

Plain wing, atifoil section 2 ',[;I -84 ;; 152 
Cssibered, twisted w-ix& airfoil. 1.09 133 

section 4 

Plain wing, airfoil section 2, 7(b) 1.21 21 128 
flaps extended 

Cazrib~ed,twistedwing, airfoil ‘I(b) 1.47 21 ~6 
section 4, flaps extended 

Plain wing, airfoil section 3 s" .88 I.7 1.49 
Plain wing, airfoil section 3, 1.31 21 I22 

flaps extended 

Comparison of Theory With Zxperinu3nt for Both M&els 

The theoretical values of the 15ft increment at O" angle of attack 
due to the flaps and the theoretical values of the lift coefficient at 
which initial section steX would occur have been combed to the cor- 
responding eqer5mental values. In the computation of the 3Ift increments 
due to the flaps, no attempt was made %o account for the effect of the 
fuselage on the variation of WLng load. Accord-, the theoretical 
computations for the stibject tests were based on the actual span of the 
flaps, The predicted lift increment due to the flaps givenby the method 
of reference 3 was 0.57 for each wiq as compared to 0.62 and 0.47 
measuredfortheplatiwingandthe c&wed, twistedwing, respec- 
tively. 

The method of reference 4 has been applied to ascertafn theoret- 
fcally, for the subject wings, the King lift coefficient at which the 
first section reached maximum lift and the spanwise point where this 
occurred. Ikx3mum lift coefficients for the unflapped sections were 
obtained from reference 6 and reference 8; maxfmum lift coefffci&s 

1 for the flapped sections were estfmated from the data given in 
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reference 5 for a section with a cl1 of 0.2.. T&se estimates may be 
somewhat in error, particularly for the NACA 6bA810 section, because of 
the differences in design lift coefficients. Figures g(a) and 9(b) 
illustrate the results of apply- the method of reference 4. From 
these figures it would be predicted that initiaJ. section stall would 
appear at a CL of 1.0 for the plain wing with flaps and at a & of 
1.2 for the cambered, twisted wing with flaps; the experixental drag 
results indicated values of CL sep of approximately 1.1 and 1.4, 
respectively. The position of initial. section stall is &tdlcated to be 
near the outboard end of the flaps for both wings. Outboard of the 
flaps, the proximity of the curve of computed section lift coefficient 
to'the curve of theoretical maxImum section lift coefficient indicates 
that stall would progress rapidly toward the tips. The variations In 
the drag and pitch Wg+omsntdata alongwithvisualtuftobservatlens 
seem to conftrm these deducthns. 

. 

L 

CONCLUSIONS 

. 
From the results of an Fnvestigation at low speed of the effec- 

tiveness of the psrtlal-span, double--slotted flaps and of camber and 
twist on the force and moment characterfstics of a large-scale wing 
swept back 45O, with and without the various 1eadIngqdge modific+ 
tions, the following conclusions may be dra&: 

1. Partial-span, double-slotted flaps were an effective IIWUIS of 
obtafning improved high-lift characteristics on the swept wings with 
and without camber and twist. 

2. The combInationa of increased leadmdge radius and nose 
caliber were effective in delaying the onset of leadUg-ed.ge flow 
separation to higher *lift coefficients. 

3. Theory was satisfactory for predictions of the lift fncrement 
at O" angle of attack due to the do&&e-slotted flaps. 

4. Theoretical predictions of the lift coefficient at whfch large 
variations in force and moment characteristics could be expected were 
in approximate agreement tith experimental results. 

Ames Aeronautical Labmatory, 
National Advisory Committee-forAeronautics, 

Moffett Field, Calff. 
- l 

I 
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TABIE I.- cOmDIxATEsOFTmAIRF0ILSECT1m 

[Stations andordinates given inpercentof airfoil chord] 

(a) NACA 644010 

Statfon ordinate 

0 0 

:b .804 -969. 
1.25 1.225 
2.5 1.688 
5 2.327 
7.5 2.805 

10 3.199 
15 3.813 
20 4.272 
25 4.606 

30 35 %J 

E 4:995 4.894 
;5" 4.388 4.684 

z 
4.02l 
3.597 

70 3.327 

z 2.623 2.103 
85 1.582 

E 1.062 .541 
100 . -021 

L.E. radius = 0.687 
T.E. radius = 0.023 
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TABIEI.-cm1m 

[Stations and ordinates given fn percent of airfoil chord] 

* 

(b) mc!A 64~810 ( a = 0.8 moaimea) 
Upper surface Lower au-face 

Station Ordinate station ordinate 

0 0 0 0 
-214 -9% -785 ,526 

.428 1.231 1.072 -881 1.650 1.619 z5z 
2.064 2.475 2.936 

:-;;: 
3.n6 5.494 1:;: 

91479 4.703 
-14.500 56'z 

lo.521 8.016 -.8u -.771 

71968 
15.500 -.658 

19.543 20.457 
24.601 8.795 a.399 3:;;; 
$z=g 

39:820 

9.420 9.857 30.332 3.258 -.065 -.232 

10.107 40.180 ,123 

44.m lOml50 45.100 4.977 10.005 50.023 :Z 
&5-g; 9.693 54.951 -917 

65:16g Es 
& 

3g.g ?Z 
70.215 69:785 1:610 

&Ok g:g 

5:8lg 74.748 79.700 1.710 1.657 

4.441 3.w4 89.796 84.708 
95.104 

1.331 0920 
3.512 94.896 .450 

100.000 -.02l 100.000 , -.02l 

L.E. radius = 0.687 
T.33. radius = O-023 

15 

. 
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. 
TABIE I.- COmTusTaFD 

[Stations and ordinates given in percent of afrfoil chord] . 

(c) Airfoil Section No. 1 

Ordinate 
station 

Upper Lower 
0 --- --- 

:575 0.804 l 969 --- 
- 1.25 1.225 11-4; 

2.5 1.688 -1:750 

5 2.327 
7.5 2.&5 

10 
15 ;:iiE 20 4.272 
25 4.606 z 4.837 

E 41894 t-;g 

g ':*g 4:021 
65 3.597 
70 3.127 

iii 2.623 2.103 
85 1.582 
90 I 1.062 
95 -541 

100 -021 

L.E. radius = 1.100 
I.E. radius = 0.023 
L.E. radius center: 

station = 1.1; ordate = 4.2 

Note: Ordinates from stations 5 to 100 are 
identical to the XACA 64~010 wir- 
foil section. 

. 
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. 
TABIE: I.-comm 

. [Stations and ordinates given in percent of airfoil ckrd] 

. 
, 

(a) Airfoil Section No. 2 

station 

0 --- --- 

:% 
0.804 --- 

.923 --- 
1.25 1.225 --- 
2.5 1.608 A!.070 
5 2.327 4.380 

-7.5 2.805 
10 3.199 
15 3.813 
20 4.272 
25 4.606 
‘30 
35 E!~ 

E 
4:995 
4.894 

z; 
4.684 
4.388 

g 
4,ou 
3.597 

70 3.127 

iz 
2.623 
2.103 

85 1-e 

is; 
1.062 

-541 
100 -023. 

L.E.radius= 1.500 
TZ. radius = 0.023 
L.E. radius center: 

station = 1.3; ordinate = 0.4 

Note : Ordinates from stations 7.5 to 100 
are identical to the IXACA 64AO10 
airfofl secticnl. 
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TABIE I.- COlTlmvmD 

[Stations and ordinates given in -percent of airfoil chord] 

(e) Airfoil Section No. 3 

stat ion 
&dhate 

rJpper Lower 

0 -mm --- 

:75 0.804 .g6g --- - - - 
1.25 1.225 --- 
2.5 1.688 -1.630 
5 2.327 -1.525 

7.5 2.&5 
10 3.199 
15 3.813 
20 4.272 

25 30 E?6 

iz 4:968 4.995 
45 4.894 
z 4.684 

2; t-E 3:597 

i 
3.L27 
2.623 
2.103 

85 1.582 

z 1.062 -541 
100 -021 

L.E. radius = 1.500 
T.E. radius = 0.023 
L.E. radius center: 

station = 0.8; ordinete = -1.7 - 

Note : Ordinates from station 7.5 to 100 
are identicaltothe NACA 64~010 
airfoil section. 

- 
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TABIE I.- CONcLTsc[ED 

[Stations and ordinates giv-en In percent of airfoil chordl- 

(f) Airfoil Section Ko. 4 

Dpper I her 

Station orainate Staticm Ordinate 
0 0 -9- 

a; -0:&i-6 1.23l 2.500 5-m -1.400 -1.015 

,881 1.650 8.016 -.811. 

2.064 2.475 10.52l 4.506 3.716 15.500 ::gii 
6.984 4.703 m-457 -.526 

9.479 
56.z 

25.399 -.383 
14.500 
19.543 

_ 24.&n 
pg g-zg 

-.232 . 

g*$i 
9:420 

$8C& 
-a65 

.I23 

39:820 
9.857 50:023 :g 

10.107 54.951 .917 
k900 10.150 59.886 1.187 
49.977 10.005 l-426 
55.049 9.693 z;-;lg 

74:748 
1.610 

6n.ll.4 9.225 1.7l.o 
65.US 8.612 79.700 1.657 
70.=.5 7.850 84.708 1.331 

g'2z 
&a?‘96 

85 1292 
;-zg 94.896 ::g 

lOO.000 -.02l 90.204 ;:44$ 

95.104 1:5l2 
100.000 .02l 

L.E.raditls =l.yKI 
I.E. radius = 0.023 
L.E.rad.ius center: 

station = 1.4; O??d.inste = 0 
- - 

N&e : Or&hates from station 8.016 to 100 are 
b identical to the HACA 64~810 a = 0.8 

(-.I 
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f!xBIE Il.- CIKDIXATEXFCIR 0.25CECIRDFLAP 

[Stations and ordinates given from airfoil chord line 
in percent airfoil chord] 

(a) PlaFn Wing Flap 

Station Upper Ordinate Lower Ordinate 

75.000 -1.000 -1.000 

75:587 ~'Z 
-.37l -1.557 
-076 l 268 -1.956 -1mTL2 

75.882. -535 42.095 

;z-:g 
771352 

l-057 -751 G-179 4.289 
1.272 42.320 

77.942 1.414 G.304 
78.530 1.496 4z.260 
79.705 ~~36 
80.882 :-g -2.003 
82.060 1248 -1.880 
83.235 1.630 -1.762 
84.410 1.583 -1.641 
85.000 l-550 -1.582 
86.250 
90.000 % :;-g 
95.000 :541 -:541 

100.000 l 021 -.021 

L.B. radius = 0.9 (center on flap chord line) 
T.E. radius = 0.023 
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TABLE Ii- comLmED 

[Stations and ordinates given from a-foil chord line 
in percent airfoil chord] 

(b) Canibered, Twisted Wing Flap 

Upper 

station Ordinate 

74.900 3.330 
75.130 3.930 

~-~~ 75.299 

Lower 
I 

station Ordinate 

-.loo 3.330 
-010 2.770 

2.580 

76: 280 

44’;g 4:806 l :g 680 2.187 2.350 

4.994 -980 2.052 
76.880 5.232 1.540 l-900 
77.530 

g-g: 
2.060 1.814 

78.140 
5:460 

2.6% 1.744 
78.740 3.240 1.706 
79.930 5.372 4.410 1.668 
i%ii 

831530 

5-z 

4:820 

56.;. 1.62C 

71930 i's 
84.7cm 4.569 11394 
85.W 4.433 - - 99:z 1.351 

86.000 4.250 14.796 90.204 3.004 19.896 :E 
95.104 1.512 25.000 -.021 

100.000 ,021 

L.E. radius = 0.95 (center on f&p chord Une) 
T.E. r&us = 0.023 
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TABLE III.- ORDIXM!ESFCIRO.O754!HCBDFO[RFLSLAP 

[Stations and ordinates given fYan foreflap chord line 
in percent airfoil chord] 

I Plain Wing or Cambered, Twisted 
Wing Foreflap 

I Upper 
I 

Lower s-ta.tion ordinate OrdilaEbt8 

0 
.42 
.83 

1.25 
1.67 
2.08 
2.92 
3.75 
4.58 
5.42 
6.25 
7.08 
7.50 

1 0 
l 95 

1.31 
1.52 
1.67 

i:Z 
1.64 
1.43 
1.13 

-75 
.28 

0 

0 
-. 93 

-1.14 
-I..20 
-1.11 
-.85 
-.36 
-.@ 

.18 
027 
.25 
.ll 

0 

L.E. radius = 1.20 (center on fzap 
chord line) 



Nate: All dimensions we in feet unfess otherrrise specified 

Figure 1. - Dimensions of the semispan wing-fuselage models. 
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TABIZE I.-ComIpIuED 

[Stations and ordinates given in percent of airfoil c*?tord] 

(a) Airfoil Section no. 2 

Station 

0 

$5 
1.25 
2.5 
5 

UPper Lower 

--- --- 
0.804 

.gpg II 
1.225 --- 
1.688 -2.070 
2.327 4.380 

7.5 
10 
15 
20 
25 

% 
40 
45 

;; 
60 
65 
70 

z?z 
85 
90 
95 

loo 

2.805 
3.199 
3.813 
4.272 
4.606 
4.837 
4.968 
4.995 
4.894 

~~~84 
4:ou 
3.597 
3.127 
2.623 
2.103 
1.582 
1.062 

,541 
.CEl 

LE. radius = l.!xo 
T.E. radfus = 0.023 
La. radius center: 

statian = 1.3; ordinate = 0.4 

Ordinate 

mote : Ordinates from stations 7.5 to 100 
are identical to the XACA 6kOlO 
airfoil section. 
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. 
TABIX I.- C!OHTlXUf!ED 

[Stations e,nd ordinates gFven in percent of airfoil chord] . 

. 

(e) Airfoil Section No. 3 

Station 
Ordinate 

Upper Lower 

0 m-w 

55 0.804 .g6g :I- --- 
1.25 1.225 --- 
2.5 1.688 -1.630 
5 2.327 -1.525 

7.5 2.m 
10 3.199 
15 3.813 
20 4.272 

25 30 ?gg 

iz 
p&T 

45 

z5" 

pg; 

4:38a 

% 4.021 3.597 

z 
3.E7 
2.623 

8 2.103 1.582 

;; 1.062 .541 
100 .021 

L.F,. radius = 1.500 
T;E. radius = 0.023 
LE. radius center: 

station = 0.8; ordinate = -1.7 ' 

Note: Ordinates from station 7.5 to 100 
are identical to the EACA &A010 
airfoil section. 

-337 
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. 
!lmm I.-CO3KxumD 

e [Stations and ordinates gfven in percent of airfoil chord] 

(f) Airfoil Section X0. 4 

station ordinate Station ordinate 
0 --- -' 0 -I- 

23 0.976 1.231 2.500 5.m -1.400 -1.015 

.881 1.650 8.016 -.8n. 
2.064 2.475 10.521 

:mg 
3.n6 Zg 

. 4.703 Z:E -.526 

9.479 
56% 

25.399 -.383 
14.500 30.332 ,232 
19.543 @g 35.258 -.065 
24.601 l l23 

$?;E 
;:g " g% 

391820 1o:lo7 p,:;:: 
:g 

Jwm 10.150 59:886 

.917 

49.977 10.005 
55.049 9.693 z:m:ig 

P*Z 
1:6x1 

7o:w 2pz; 

9.225 74:748 

8.612 7.850 84.708 79.700 ::g 1.331 

851292 Eg2Z 
6.932 89m796 
5.819 94&6 :$i 

f 2% 
lOO.000 -.02.l . 

90.204 
95.104 1:512 

100.000 * .02l 

LE. radius = 1.500 
T.E. radius = 0.023 
LE. radius ce&er: 

station = 1.4; ordinate = 0 

Note: Ordinates frara station 8.016 to 100 are 
identical to the Z&CA 6k810 a = 0.8 
b-1 - 
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(a) Plain Wing Flap 
3 

Station UpperOrdinate Lower Ordkate 

g:Sii -1.000 -1.000 
-1.557 

::g; 
1:;; ' -1.712 

.268 -1.956 

;$;g 
:g: 

Q.095 
Q.179 

g$E 

l.W7 -a.zBg 
1.272 -2.320 

78:5X 1.414 I.496 22 
79.705 1.594 x:136 
80.882 
82.060 

y3i& -2.003 
-1.880 

83.235 1:630 -1.762 
84.410 1.583 -1.641 
85.m 1.550 -1.582 
86.250 -1.453 
90.000 

;*z 
-1.062 

g5.000 :541 -.541 
1oo.ooo .021 -.021 

Id. radius = 0.3 (center on flap chord line] I 
T.E. radius = 0.023 

d 

NACA RM A5lD18 

TABIE II.- ORD~SFQR 0.2%ZKB3DlKMP 

[Stations &d ordinates given f'rom airfoil chord line 
in percent airfoil chord] 
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!IlxBIE II.- CmcLm 

[Stations and ordates given from afrfoil chord 1Ine 
ti percent airfoil chord] 

lb) Cankered, Twisted Wing Flap 

Upz=r I 
Lower 

Station Ordinate Station Ordinate 

74.m 3.330 -.lOO 3.330 
75.130 3.930 .OlO 2.770 
z:Z& 

761280 

:-;g 4:806 -680 0130 0430 2.350 2.187 2.580 

4.994 0980 2.052 

76.880 
$%z 

?Z 1.540 
51452 2.060 2.660 

::z 

781740 
1.744 

5.460 3.240 1.706 
EZ 5.372 4.410 1.668 

82:340 ;*z 
4:81x 

- EE 
7:93 

1.620 1.539 
83.530 1.480 
84.700 4.569 

;-gi 
1.394 

85.290 4.433 
86.000 4.250 14: 796 

1.351 

g-Et: 
3.004 lg.896 :g 

100:000 1.512 25.ooo -.02l 
.02l 

L.E.radius = 0.95 (center on flap chord Iti) 
T.E. radius = 0.023 
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TABIX III.- CRDINATESFCf!AO.O~OFDF~FLAP 

[Stations and ordinates given frcm fcrreflap chord line 
ti percent airfoil chord] - 

4 
PlainWing or Canibered,Twisted . Wing Foreflap 

station 

0 
.42 
-83 

1.25 
1.67 
2.08 
2.92 
3.75 
4.58. 
5.42 
6.25 
7.08 
7.50 

Upper Lower 
ordinate ordinate 

0 0 
-95 -93 

1.31 -1.14 
1.52 -1.20 
1.67 -1.11 
1.72 -.85 
1.74 -.36 
1.64 -.02 
1.43 .18 
1.13 027 

-75 025 
.28 .ll 

0 . 0 

L.E. radius = 1.20 (center on flap 
chord lfne) I 



I 1 . 0 

Uote:AIt dimensions are in feet UN& otherwise specified 

I 

Figure /.- Dimensions of the semispan wing-fusehge models. 



. 

. 
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Figure 2.- Photograph of the 8emispanmDdelinetallatian in the -8 
b&by 80-foot tind tunnel. 
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. 

f 

Figure 3.- Dimensions 0; the do&/e-s/of&d flaps und ihe /euding - 
edge modificafions. L 
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.4 
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.24 .28 .20 .I6 .I2 -08 .04 0 ~04 ~08 -J2 

,Configuration 
Plain wing 
Cambered, f&ted wing 
plon wing wifh t@ 
Cavbsred,Wstad ting WIN flaps I 

I I I I I I I I I I I IA/I IYI I. . 
Drag coefficient, CD Pifching-moment coefficient, C, 

-8 -4 0 4 8 /2 I6 20 24 
Angle of attack ,a , deg 

figure 4.- T..e aerodynamic chorocteristics of the pfoin whg and the cambered, 
fwisfed whg models wifh and without double-slotfed flaps. 



I I , 1 

.08 .I2 .I6 20 24 28 .32 36 .40 .24 .20 .I6 12 .08 .04 0 -04 
Drag coefficient, C, Pitching-moment coefficient, C, 

-4 0 4 8 12 16 20 24 28 
Angle of attack,a, dag 

(a) Flops refracted. 

Figure 5. - Effeck of the various leading -edge modificafians on the aerot@amic 
characteristics of the plain wing model. 
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s 
2’ -6 

.> -4 - 
4 

.2 iiiiiiiiifi’iiiit 
I I I I I I I I I I 

Oo 04 .I 

I I I I I P 

J ’ ’ ’ ’ 1 ’ 1 ’ ’ I I I I I I 
38 J2 ./6 20 .M .28 32 .04 0 -04 98 -12 -96 -20 

Drag coefficimt, Ce Pitchingmomen~ coeffichnt, G, 
-B -4 0 4 8 I2 I6 20 

Angle of a#ack,a,ohg 

lb) Flaps extended, 

Figure 5. - Conch&d. 
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- .z 

0 
I I I I I I I I II I I I I I I I I I I I I I I I I I I I I I I 

0 .W .08 .f2 ./6 ..?W .I6 J2 .08 .04 0 394 
Drug coefficient, CD Pikbing-moment coefficients C, 

0 4 8 t2 16 20 24 
1 Angle of attack ,a, deg 

lo/ Fhps retracted. 

Figure 6.- Effects of the O.O/.5c leading -edge radius modification on the 
aerodynamic characteristics of the cambered, twisfed wing model. 
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Drag coeffikht, C, Pitching-moment coefficient, C, 
-8 -4 0 4 8 I2 I6 20 S 

Angle of afh4.a , deg 

/b) F/a,os extended. 

Figure 6. - Concluded. 
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II I 

Lift-drag ratlo, L/D Drorg coefftiiat, G, 

(a) Original leading e@e (0.007~ LE. radfus) 

Fi@are Z- The lift-drag ratio and power-off glide characteristics of 
the plain and canabered, twisted wing mode/s with and without ahbtk- 
slotted flaps. 
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- Fibin wing, 0iiMi 
section 2 

-----Comb&, twisted wing, 
airfoil sectian 4 

i I 
I 
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I 

\ I I 

8 f6 0 .08 .I6 .24 
Lift-dmg rat/o, L/D 

32 
Dmg coefficient, Go 

lb) Modified leading edge iQO/5c LE. radius). 

Figure Z - Gonchded. 
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Sinking spe$ H/see 

30 

/ 
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/ ,40 
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-----Gbmbered, twisted wiw, 
ainW/ 6wtfan 4 

I I I I 

J&A4=rT*FaY I lP-?=@FI I I ‘I -1 
0 Lt’ft-d$g 16 0 08 ./6 24 .32 

ratio, L/D Drl --- ’ . - 

Figure 8. - The lift- drag ratio and power-off glide character/sties of 
the plain wing model with the cambered leading edge and the cambered, 
twisted wing model wh’h fhe mooPied leoding edge(O.Of5c LL radius/. 
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.2 - .4 .6 .8 LO 
Fraction of semispan, ?? 

(a) Plain wing with flops extended. 

Figure 9. - Predicted maximum span loadings without flow separation. 
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I I I I I I , I I 

f Predicted initial stall 

0 .2 .4 .6 .8 
ffacfibn of semhpan, Q 

lib) Combered, twisted wing with flaps extended. 

I.0 

Figure 9. - Concluded, 




