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KATIpffAL ADVISORY DOKflTOSE 701! AEROHAtFTICS 

RESEARCH MEM3RAWDIM 

OTECTS OF A FUSELAGE AND VARIOUS HIGH-LIFT ANS STAIX- 

COHTROL FLAPS ON AERODYNAMIC CHARACTERISTICS IN PITCH 

OF AW HACA 6&-SERIES »tO0 SITOT-BACK 'TWJ 

By D. William Conner and Robert H. Neoly 

SDMlARy 

wind-tunnel tests were made to determine the low-spaed lift, • 
drag, end. pltchlng-moment characteristics of a 40° swept-back wing 
tested with high-lift and stall-control flaps and tested with a • 
fuselage having a fineness ratio of 10.2 to 1. The win? had an 
aspect ratio of h,  taper ratio of 0.625, and NACA 6^-112 sections 
perpendicular to the quarter-chord line. High-lift and stall- 
control flaps tested on the wins without the fuselage at Reynolds 
numbers of 3,000,000 and 6,600,000 Included semlsprtn normal split 
flaps, semispan split flaps hln.cjed at the wing trailing edge,- 
constant-chord le.Tdlnr.-edge flaps, and upper-surface flaps, tow-, 
middle-, and. hi ?h-wing-fuselage combinations were tested at Reynolds 
numbers of 3,000,000 and 8,100,000. 

At a Reynolds number of 6,800,000, the maximum lift coefficients 
of the wing with no flaps, with semlepan normal split flaps and with 
semispan split flpps hinged at the trailing edge of the wing were 
1.11, 1.32, and 1.1+0, respectively. The corresponding values obtained. 
by the addition of 0.725-span outboard leading-edge flaps were 1*29, 
1.5?, and 1.73* The leading-edge flaps tested eliminated both the 
tip stalling and longitudinal Instability that were obtained at 
maximum lift with the plain wing. The outboard upper-Burfaco flaps, 
as tested, caused a lar/>e rearwa1-! shift in aerodynamic-center 
location but were unsatisfactory because of lar<»e ••eductions In 
lift, larpe changes In trim, large Increases in drag, and no 
Improvement of the wing-tip stalling characteristics. 

At both low and hiri Reynolds numbers the fuselage In the low-, 
middle-, and hifji-wins positions had little effect on lift and stalling, 
and at low angleB of attack, moved the aerodynamic center ahead as much 
as 3 percent of the mean aerodynamic chord. Near maximum lift and 
at a Reynolds number of 8,100,000, the forward shift of the 
aerodynamic center with flaps off varied from about 3 percent for 
the low-wing position to 11 percent for the hifSi-wing position. 
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In tne high-lift ranee, the lnoresse la drag coefficient caused by 
adding the fuselage la say position to the unflapped vlng amounted 
to only 0.0050. 

JUrXBODUiTlOR 

The low-speed aerodynamic characteristics of a U0°  swept-back 
wing of aspect ratio k,  taper ratio 0.625, and NACA 6^-112 sections 
were reported In reference 1. This vlng, like many swept-back wings, 
was longitudinally unstable at the stall because of wing-tip stalling 
and had relatively low values of maximum lift coefficient even with 
semlspan split flaps. In an attempt to alleviate tip stalling and/or 
Increase the maximum lift, tests have been made of the wing equipped 
with leading-edge flaps, outboard upper-surface' flaps, and split 
flaps hinged at the wine; trailing edge. These tests were made at 
Reynolds number values of 3,0^0,000 and 6,81*0,000. 

In order to Investigate the effect of a fuselage on the aero- 
dynamic characteristics of the wing, tests have also been made of 
this wing with a fuselago In low, middle, and high uosltions. The 
tests were made to determine the characteristics in pitch at Beynolds 
number values of 3,OUo,000 and 8,090,000. 

COEFPICIEBTS AND SJfMBOLS 

All data are referred to the wind axes» The dimensions used 
la computing all coefficients are those for the basic vlng. 

Cj,    lift coefficient (L/qS) 

<*%_-_ Increment In maximum lift coefficient 

CD drag coefficient (D/qS) 

CB pltchlng-moment coefficient (M/qSo) 

C| rolling-moment coefficient (L'/sSb) 

B Reynolds number (pVe/u) 

M Mach number (v/a) 

a eagle of attack of wing chord 11a* 

1* 

f 

..«<*. 
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«bora 

L lift .   . 

S •' 4«»S..    ..       • 

M pitching moment (about quarter ahord of Bass «erodynai 
chord.) 

I' rolllag moment 

S mag area 

o «lag epan 

S mean aerodynamic chord measured parallel to the plane 

of symmetry W") 
distance from the leading edge of the root chord (at the 

plans of symmetry) to the quarter-chord point of the 

aerodynamic chord (»f —) 

o 

T 

« 

v 

P 

n 

a 

longitudinal distance from the leading edge of root 
chord to quarter-ohord point of each section parallel 
to plane of symmetry 

local chord measured parallel to the plane of symmetry 

spanvlae coordinate 

free-stream dynamic pressure ^ipV2) 

free-stream velocity 

mass density of air, slugs per cuMc foot 

coefficient of viscosity ' 

Telocity of sound 
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MODEL 

The plan and. aid« views of the wing and fuselage are shown In 
figure 1. The angla of sweep of the quarter-chord line of the «lag 
la U0° and. the wing sections perpendicular to the quarter-chord 
line are WACA ßU^-lia sections. The quarter-chord line of each 
wing panel la herein defined as the quarter-chord line of a straight 
panel which has heen rotated U0° about the quarter-chord point of 
Its root chord. The aapect ratio is U.Ol and the taper ratio la 
0.685. The wing has no geometric dihedral or twist. 

The lnatallatlon of the various high-lift and Btall-control 
flaps on the wing are shown In figure 2. The normal split flaps 
(fig. 2(a)) nxtqr.1! -Trir tho 1rit""-r1 rC percmt of t.fc« w'ng span. 
For the fuselage-on tests a section of the flap (12.3 percent of 
the wing span) was removed at the wing center. The flap chord la 
20 percent of the wing chord normal to the quarter-chord line, and 
the flap deflection with respect to the 80-percent wing-chord 
(hinge) line is 60°, measured hetween the wing lower surface and 
the flap. The same flaps were teste* in an extended arrangement 
shown in figure 2(h) where the hinge line was moved to the wing 
trailing edge. The deflection duplicated that of the normal split 
flaps. The flaps wore fabricated of sheet metal. 

The dimensions of the leading-edge flap are given in figure 2(c). 

Sheet metal was curved, welded to a L-inch-diameter steel tube at 

the leading edge, then faired to give the desired contour. The 
radius of the tube is, on the average, equal to the leading-edge 
radius of the airfoil. The flap has a constant chord and was faired 
smoothly into the upper win»* surface by means of modeling clay. 
(See fig. 30 As measured In a plane perpendicular to the wing 
quarter-chord lino, a line connecting the leading edge of the wing 
with the leadinc edge of the flap has a 50° incidence with the wing 
chord. The length of the line is 3.19 inches, which In terms of 
the local wing chord, corresponds to 10 percent at the inhoard end 
of the flap and IU.3 percent at tho outboard end. The complete 
flap span Is 72-5 percent of the wins semlapan. The Inboard end 
is located at 25 percent of the wing semlapan and the flap extends 
to 9T-5 percent wing semispan (where the wing tip starts to round 
off). Some teats wore made with an Inboard section of the flap 
removed to give a flap span of 57 5 percent of tho wing semispan. 
Tigure 3 Bhowa the flap mounted on the wing. 

The 20-percent-chord sheet-metal upper-surface flap, shown in 
figure 2(d),deflects up and hack from the wing trailing edge and 
was tested only in conjunction with the extended split flaps. The 
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flap deflection measured la a plane perpendicular to the wing 
quarter-chord line Is 60° with reepeot to a plane tangent to the 
wing-upper-surface Co percent-chord station. 

The fuselage has a fineness ratio of 10.2 to 1 and a circular 
cross section, the maximum diameter being 1*0 percent of the root 
chord (fig. 1). The section of the fuselage Intersected by the wing 
has a constant diameter. Percentages of this diameter are used to 
fix the three vertical locations of the wing root quarter-chord 
point with respect to the fuselage center line. They are: 37«5 per- 
cent below, zero percent, and 37.? percent shove. Ih each of these 
three positions tested, the win" chord plane has a positive incidence 
of 2° with respect to the fuselage center line. No fillets were 
used at the winp-fusela^e Juncture. The hirh-wlng fuselage combina- 
tion mounted for testing is shown In finui-e h.   Both wing an! 
fuselage were constructed of laminated mahocany, then lacquered and 
sanded to obtain aerodynamically smooth surfaces. 

TESTS 

Tests were made in the Lankly 19-foot pressure tunnel with 
the wing mounted on a two-support system as shown in figure U. 
Lift, drag, pitching moment, and rolling moment were measured for 
values of Reynolds number and Mach number as follows: 

3,01*0,000 0.069 

6,61*0,000 0.156 

8,090,000 0.190 

The values of Reynolds number were maintained to within 
tl|0,000. 

Tests of th9 various high-lift and stall-control flaps were 
made with the wing alone at Reynolds number values of 3,OUO,00 and 
6,81*0,000. All fuselage-on tests were made with and without split 
flaps at Reynolds number values of 3,OUO,000 and *5,090,000. Only one 
fuselage-off, flaps-on test was made which compared directly with 
the fuselage-on, flaps-on condition (Inboard section of flaps 
removed). Tie Reynolds number value of that test was 6,81iO,O00 and 
the aerodynamic results are believed to have practically the same 
characteristics as these for a higher value of Reynolds number. 
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(See reference 1.) Stall characteristics were studied by means of 
tufts attached to the wing upper surface beginning at 20 percent 
of the wing chord. 

RESULTS AND DISCUSSION 

The corrections applied to the data of reference 1, and 
discussed therein, have 'been applied to all data Included In this 
report. 

The lift, drag, end pltching-moment characteristics of the 
wing equipped with various high-lift and etall-control flaps are 
presented In figures 5 through 9. In a few instances the rolling- 
moment characteristics near maximum lift are Included. The 
locations of the aerodynamic centers for some of these configurations 
are given in figure 10. Some of the more importsnt characteristics 
at a Reynolds number of 6,81(0,000 are given in table I for comparing 
the effects of the various flaps. Flow conditions over the plain 
wing and the wing equipped with the various flaps are shown in 
figures 11 and 12. The lift, drag, and pltching-moment charac- 
teristics for the various wing-fuselage combinations are presented 
in figures 13 through 16. The pltching-moment coefficients are 
presented not only as a function of lift coefficients hut also, 
at hi ah angles of att<u:k, as a function of angle of attack. The 
location of the aerodynamic centers for these fuselage combinations 
at B» 8,090,000 are given in fif^are 17. Flow conditions over 
the wing with fueelape are shown in figure 18. 

High-Lift and Stall-Control Flaps 

The discussion given in the following paragraphs on the effects 
of the various flaps is based upon data obtained at B • 6,81*0,000 
unless otherwise noted> 

Split flans.- The addition of semlspan normal split flaps 
Increased CT^  from 1.11 to 1.3? and the pltching-moment curve 

was shifted negatively ranging from 0.02? to O.ObO, with no change 
in the unstable break at the stall. (See fig. 5.) As in the case 
of the plain wing an abrupt stall occurred on the outer portion of 
the wing (fig. 11) and, as can be seen from the stall diagrams and 
rolling-moment data of figure 5, the right-wing panel stalled first. 
This asymmetry was attributed to small differences In the wing-surface 
contours. Extending the split flaps until the hinge line was on 
the trailing edge Increased the untrlmmed value of C Ljnax from 
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1.32 to 1.U0.   The value of   CB  vas shifted ne<3atlvely about 0.05 
tut an unstable change still occurred at the stall.   Decreasing 
the Reynolds number from 6,fft0,000 to 3.0UO.OOO caused a stable 
negative break in pitching moment at the stall.   (See figs. 5 
and 8(a).)   Flow studies showed that the Initial stall extended 
Inboard from He vlng tip about 0.25| at   B« 6,81iO,00O   and 

0.5«* at   K - 3.0UO.000. 
2 
Leadlnr-edfw flaps.- The addition of leading-edge flaps 

extended the lift curve so that maximum lift occurred at a much 
higher annle of attack than was observed for the plain wing. 

(See fi<% 6.) The O.^'A-span and 0.725|-spnn leading-edge flaps 
gave Increases in CT    equal to 0.12 and O.lB, respectively, 

but the larßest gains resulted when the O.TS'sS-span flaps were 
tested in conjunction with the split flaps. V'ith normal split flaps 
CI«ax lncreaaed to l«5^i equal to a ÖCr^ of O.ltU above wing- 
alone test roBvlts or 0.23 above normal-spllt-flap test results. 
With extended split flaps CT    increased to 1.73 equal to a 

fiCr   of 0.62 above wing-alone test results or 0.33 above 

extended-split-flap test results. In tests with extended split 
flaps, where the leading-edge-flap span was reduced from 0.725* to 

0.575i5> Or   decreased from 1.73 to 1.52. The value of £Cj_^ 

vas only 0MTabove win«-alone test results. Tbia value was exactly 
the sum of the CT  -Increments obtained when each flap was 

tested separately. In connection with this reduction In lift with 
flap span It is interesting to note that both the angle of attack 
at Of_^ and tiie amount of wing area stalled at C»  • were 

considerably less for the shorter-span flap configuration than 
for' the longer-open flap configuration. (See figs. 12(b) and 12(c).) 

The addition of leading-edge flape caused no large displacements 
in pitching moment at all values of C^ up to within 0.1 of CT_ . 

In this seme range, a slight destabilizing effect was obtained. As 
can be seen from figure 10, large rearward shifts in the aerodynamic 
center occurred Just below maximum lift and, at the stall, the pitch 
characteristics were considered satisfactory. These characteristics, 
differing radically from the results of the wing tested without 
leading-edge flaps, can be explained by the stall progressions shown 
In figures 11 and 12. Without leading-edge flaps, a sudden stall 
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occurred over the outer half of the wing (fig. 11) causing a 
forward, unstable change In aerodynamic center. With leading- 
edge flaps, the first rough flow was noticed at moderate values 
of lift coefficient Immediately behind the Inboard ends of the 
leading-edge flaps. As the angle of attack was Increased, these 
areas of rough flow gradually fanned out rearward and become 
•tailed until at maximum lift the central sections of the wing 
were almost completely stalled with only the wing tips remaining 
unstalled. This type of stall progression shifted the aerodynamic 
center rearward (figs. 12(a) and 12(b)) and would also be considered 
favorable In retaining lateral control. 

The ratio of drag to the lift is a measure of the glide-path 
angle and sinking speed. VIth leading-edge flaps on, this ratio 
at maximum lift was from ho to 90 percent higher than the ratio 
for the wing with split flaps. (See table I.) 

Decreasing the Reynolds number value from 6,8k),000 to 3,0ltf>,000 
caused only small changes In the aerodynamic characteristics when 
the leading-edge flaps were on, In contrast to the large changes 
obtained with leading-edge flaps off. Unpreeented aerodynamic data 
were obtained at R = 6,flko,000 with leading-edge and split flaps 
on to determine the effect of a small discontinuity at the leading- 
edge flap-wing juncture. This discontinuity was effected by 
removing the modeling clay fairing the Juncture but leaving the 
gap sealed. There were no aerodynamic changes measured. 

In general, the leadlng-ed.^e flaps eliminated both the tip 
stalling and longitudinal instability that were obtained at maximum 
lift with the plain wing ani, in combination with split flaps, 
gave substantial increases In the value of maximum lift coefficient. 
The larger draf* coefficients, obtained near maximum lift, however, 
might limit the lift coefficient that could bo satisfactorily used. 

Ppper-surface flaps.- Upper-surface flaps, which were tested in 
conjunction with extended flap3, reduced C^ by 0.3 and displaced 
CJJ by 0.20 at lew angles of attack. (See fig. 9.) As the angle of 
attack increased there was a decrease In both the lift decrement 
and the pltchlng-moment increment due to the flaps. As a result, the 
pitchinß-moment variation was stable. At B • 6,81*0,000, the 
sudden stall was of a severe enough nature to endanger the model 
structure thus prohibiting the taking of force measurements beyond 
maximum lift. The stall pattern was observed and Is shown In 
figure 12(d). The stalled regions blanketed the wing tips but not 
the wing center sections. The upper-surface flaps caused large 
Increases In drag. Because of the large aerodynamic changes these 
particular upper-surface flaps are not considered satisfactory. It 
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la possible that upper-surface flope of a different dealgn sight 
effect eatiefactory pitch characterlatlca at the atall vlthout 
'too large aacrlflcea In lift ana drag. 

Vlng-Fuaelage Combinations 

The presence of the fuselage on the wing vlth and vlthout 
normal enlit flaps had little effect on the lift characteristics 
regardless of position,    iCjJia   was increased up to .003 and 
CT-    and   CT were within 0.03 of the wing-alone values 
(flga. 13 and lh).   In the basic fusslage-off tests, with normal 
apllt flaps on, the inboard section of the flapa were removed 
causing a decrease in   C^ of 0.10 and   CT. of 0.04. 

TJPO *ttax 
At low lifts the pltchlng-moment curves were displaced by 

Increments In C,, of -O.OO8 to -0.01? with flapa off and -0.018 
to -0.02U with flapa on. Also it Is seen from figure 17 that the 
aerodynamic center moved forward 1.8 percent and 2.8 percent of the 
mean aerodynamic chord, flapa off and flapa on, respectively. 
The moat significant Influence on any of the characteristics was 
the effect of fuselage position on the forward movement of the 
aerodynamic center near maximum lift. Vith flaps off at CL - 1.05, 
this shift varied from 3 percent of the mean aerodynamic chord for 
the low-wing position to 11 percent for the high-wing position. 
With flaps on at CL - 1.2, this shift with fuselage position waa 
from 1.5 to I* percent, low-wing to high-wing position. 

As can he seen from figures 11 and 18, the atall progression 
was not altered to any great decree. A small region of rough flow 
developed at high lifts on the winn near the fuselage Juncture for 
the low-wing flaps-off combination. 

At zero lift, flaps off. On increased bv amounts reaping 
from 0.0030 (mldvlng) to 0.00&5 (hl"h wine). At CT, - 1, the 
increase In Cn equaled 0.0050 for all fuselage positions. With 
flapa on, the additional drag contributed by the flap cut-out 
varied with fuselage position and disguised any fuselage drag 
increases. 

The large forward movement of the aerodynamic center obtained 
Juat below the moment-curve break with the high-win-; configuration 
at B a 8,090,000 waa not obtained at B • 3,0^0,000, but a somewhat 
similar shift vas obtained at a lower lift coefficient. Except for 
this difference the effecta of the fuselage were about the same at 
B - 3,Ok),000 and 8,090,000. 
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to. general, the fuselage In low-, middle-, and. high-wing 
positions had no large adverse effects on maximal lift, r v9L drag 
like thoBe resulting from an interference burble aa reported in 
reference S. Also In reference 2, It la pointed out that "In the 
region of the maximum diameter of the fuselage, large changes In 
the fore-and-aft position of the wing apparently have little 
effect." Because of the geometry of this fuselage, moderate 
shifts, fore and aft, of the wing location should cause no large 
aerodynamic changes (provided account is taken of the changed 
relative location of the fuselage aerodynamic center). 

CONCLUSIONS 

The main results for the investigation were as follow«! 

1. At a Reynolds number of 6,81*0,000, the maul mum lift 
coefficients of the wing with no flaps, with semispan normal split 
flaps and semlepan split flaps hinged at the trailing edge of the 
wing were 1.11, 1.32, and 1.1*0, respectively. The corresponding 
values obtained by the addition of 0.725-span outboard leading- 
edge flaps were 1.89, 1«W, and 1.73- 

2. The leading-edge flaps tested eliminated tooth the tip 
stalling and longitudinal instability that were obtained at maxim» 
lift with the plain wing. 

3. The outboard upper-surface flaps, as tested, caused a 
large rearward shift In aerodynamic-center location but were 
unsatisfactory because of large reductions in lift, large changes 
In trim, large increases in drag, and no Improvement of the wing- 
tip stalling characteristics. 

h.  At Reynolds numbers of 3,oUO,000 and 8,090,000 the fuselage 
In the low-, middle-, and high-wing positions had little effect on 
lift and stalling, and at low angles of attack, moved the aerodynamic 
center ahead as much as 3 percent of the mean aerodynamic chord. 
Hear maximum lift and at a Reynolds number of 8,090,000, the forward 
shift of the aerodynamic center with flaps off varied from about 
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3 percent for the low-vlng position to 11 percent for the hlgi- 
vlng poBltlon. In the high-lift rangei the Increase In drag 
coefficient oaused by adding the fuselage la any position to the 
unflapped wing amounted to only 0.0050. 

Langte? Memorial Aeronautical Laboratory 
Rational Advisory Committee for Aeronautics 

Langley Field, Ta. 
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NACA RM No. L6L27 Fig. 1 
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Figure I.-Geometry   of   40    sweptbacK  wing   and  fuselage. 

Aspect   ratio« 4.01 , wing area = 4643sq in ,M A C »34.7lin. 

(AM dimensions in inches.) 
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Fig. 2 NACA RM No. L6L27 
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Fig. 3 

FigUre3--   Leadiag-edge 
flap mounted on 40° 

sweptback wing. 
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Fig. 6a NACA RM No. L6L27 
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Fig. 7a NACA RM No. L6L27 
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NACA RM No. L6L27 Fig. 7b 
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Fig. 8a NACA RM No. L6L27 
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NACA RM No. L6L27 Fig. 8b 
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Fig. 10 NACA RM No. L6L27 
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NACA RM No. L6L27 Fig. 11 

Cross flow 
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Completely 
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(a) Flaps off. (b) Normal split flaps on. 

Figure II.-   Stalling characteristics  of   40° sweptback 

wing.     R « 6.840.000. -SSiSS» 
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Fig. 13a NACA RM No. L6L27 
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NACA RM No. L6L27 Fig. 13b 
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Fig. 14a NACA RM No. L6L27 
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Fig. 15a NAGA RM No. L6L27 
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NACA RM No. L6L27 Fig. 15b 
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