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NATIaXAL ADVISORY COMIIITTEE FOR AERONAUTICS 

TECHXICAL NOTE NO. 1071 

WIND-TUKREL INVESTIGATION OF BOUITDARY-LAYER CONTROL 

BY SUCTION 0X TRE NACA 653~418, a = 1.0 AIRFCIL 

SECTION WITH A C..+AIRFOIL-CHCRD 

DOUBLE SLOTTED FLAP 

By John H. Quinn, Jr. 

Tests have been made to find the maximum lift of the 
NACA 653-41t3, a = 1.0 airfoil section equipped -Jvith a 
0.2?-airfoil-chord double slotted flap and a boundary- 
layer suction slot located at 0.45 airfoil chord. The 
tests were mzde at Reynolds numbers of 1.9, 3.&, 
and 6.0 x 10 for flap deflectfons ranging from Oo to 650 
and for flow coefficients ranging from 0 to 0.040. The 
flow coefficient is defined as the ratio of the quantity 
rate of air flow through the suction slot to the product 
of the wfng area and free-stream velocity. 

At a Reynolds number of 3.4 x 106 a maxlmm section 
lift coefficient of 4.16 was obtained with,a 650 flap 
deflection and a flow coefficient of 0.040. With a flap 
deflection of O", a maximum lift coefficient of 2.50 was 
obtained at the same flow r te. 
ReTJnolds number of 6.0 x 10 8 

The plain airfoil at a 
had a maximum lift coeffi- 

cient of 1.50, and the wing with flaps deflected 650 
without boundary-layer control at the same Reynol.1s number 
had a maximum lift coefficient of 3.51. Application of 
roughness in the form of Carborundum particles to the 
leading edge of the wing decreased the m i&mum lift coef- 
ficient at a Reynolds number of 1.9 x 10 r 
to 3.16 for a 

from 3.88 
flap deflectTon of 650 and a flow coeffi- 

c-Lent 0f 0.024. ;%ithout boundary-layer control, roughness 
decreased the maximum lift c.Iefficient from 3.11 to 2.84. 

At a flap deflection of 650, Reynolds number had 
little effect on the maximum lift attainable with 
boundary-layer control above a flo;v coefficient of 
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approximately 0.012 at least at Reynolds numbers between 
1,y X lo6 and 6.0 x 106. Throughout the range ,of flow 
rate for which data were obtained, maximum lift coeff'i- 
cient increased with increasing flow coefficient. In no 
case did the section angle of attack for maximum lift of 
any of the configurations tested with boundary-layer con- 
trol exceed by more than 2" or 3O the section angle of 
attack for maximum lift at a Reynolds number of 6.0 x 104 
for the airfoil with flap retracted and no boundary-layer 
control. 

1NTRODTJCTION 

k recent investigation (reference 1) was conducted 
on the NACA 653- 018 airfo:l section with boundary-layer 
control by suction to &etermine the increment in maximum 
lift coefficient that could be obtained by controllln& 
the turbulent boundary layer. The suction slots were 
located at and behind the minimum -pressure noint. Latninar 
separation of the flow from the leading edge limited the 
maximum lift coefficient to approximately 1.65, whim c4as 
only 0.4.5 greater than the maximum lift cDeff'icient 
obtained wrthout boundary-layer control. Abbott, 
von benhoff, and Stivers of the NACA have shov;n that in 
general greater maximum lift coefficients may be obtained 
with hLgh lift devices on relatively thick highly cazibered 
airfoil sections than on thin low-cabered sections, and 
that lai?!inar separation often limits the maxfmum lift 
attainable with the thin low-cambered sections. It seemed . 
likely that further development of boundary-layer control 
for high lift would result from tests of a cambtjrsd aping. 

Tests v;ere made, therefore, in the Lanbley two- 
dimensional low-turbulence tunnel and the Langley two- 
dimensional low-turbulence pressure tunnel of the 
NACA 65.3~ic18, a =l.O airfoil section with a single boundary- 
layer suction slot located at 0.1~5 airfoll ckorti &nd a 
0.2?-airfoil-chord double slotted flap. MBasuraioents 
were :jlade of the lift and drag characteristics of this 
airfoll with various f'1a.p deflections and various amzunts 
or flow through the boundary-layer-control slot. In 
addition, boundary-layer surveys v:ere made at an hngl.io 
oi' attack near maximum lift, and pressure losses I.nsf:ie 
the suction slot were determined for several conf'icura- 
tfons. 
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section lift coefficient 

maximum section lift coefficient 

section profile-drag coefficient 

volume of air removed through suction slot per 
unit time 

free-stream velocity 

airfoil chord 

span over which boundary-layer control is applied 

flow coefficient LL 
( > Uocb 

free-stream total pressure 

total pressure inside wing duct 

free-stream dynamic pressure 

local dynamic pressure 

blower drag coefficient; that Is, profile-drag 
coefficient equivalent to power required to 
discharge at free-stream total-pressure ai.r 

removed from boundary layer 
- Bb) 

> 

total drag coefficient ( Ch + cd ob ) 

local velocity outside boundary layer 

local velocity inside boundary layer 

perpendicular distance above airfoil surface 
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boundary-layer total thickness 

boundary-layer displacement t,hickness 

boundary-layer momentum tticknsss 

boundary-layer shape parameter ( 6*/e ) 

section angle of attack 

deflection of flap 

chordwise distance measured from leading edge 

Reynolds number 

MODEL AND TESTS 

The airfoil used in this investigation was of 3-foot 
c'nor14 and was built to the ordinates of the KkCh 655-415, 
a 72 1.0 airfoil section. The model aas constructed of 
laminated mahogany with laminations running in the chcrd- 
wise direction. Ordinates for this airfoil section are 
presented in table I. The model was equipped with a 
0.23~ double slotted flap and a suction slot located 
at 0.45c. A schematic drawing of the model showins the 
suction slot, wing duct, and double slotted flap is 
presented as figure 1. Ordinates for the flap and vane 
are presented in tables II and III, respectively. 

The tests were made in the Langley two-dimensional 
low-turbulence tunnel (designated LTT) and in the Langley 
two-dimensional low-turbulence pressure tunnel (designated 
TDT) . The LTT was used for the development of the best 
flap configuration and for the detailed boundary-layer 
surveys and pressure measurements; the T3T was used for 
tests of the most promising configurations at the higher 
Reynolds numbers. Roth the LTT and TDT have test sections 
3 feet wide and 7.$ feet high and were designed to test 
models completely spanning the jet in two-dimensicnal flow. 
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Lifts were measured by an arrangement designed to inte- 
grate the pressures along the floor and ceiling of the 
tunnel test section. External drag was measured by the 
wake-survey method. 

Air was sucked off the upper surface of the model 
through the suction slot and into the wing duct. Zrom 
the wing duct it passed through the tunnel wall and was 
ducted through a Venturi to the inlet of a blower. The 
volume rate of flow Q was obtained from measurements 
of the total and static pressures in the throat of the 
Venturi. For the no-flow condition, the slot was faired 
over with plastelfne. The loss in total pressure incurred 
fn sucking the air through the slot plus the total-pressure 
deficiency of the boundary layer was obtained by measuring 
the pressure inside the wing duct. For some tests the 
local dynamic pressure outside the boundary layer just 
ahead of the slot was determined by p1acing.a static 
pressure tube at O.&c. This tube was momted approxi- 
mately 3/32 inch above the wing surface and bent to 
approximate the curvature of the airfoil profile. 

In an attempt to fFnd the optimum configuration for 
the double slotted flap, a number of preliminary tests 
were made with various deflections and positions of the 
vane and flap and with the suction slot in operation. 
With the vane and flap fixed as a unit, a number of horl- 
zontal and vertical positions were tested at a deflection 
of 600. At the position that gave the largest value of 
maximum lift, the flap position was fixed while the vane 
angle and position were varied. This process was then 
repeated at a flap deflection of 65”. Because the best 
configuration at a deflection of 65O gave a sli htly 
greater value of maximum lift than that at a 60 Q deflec- 
tion, for all subsequent tests the vane and flap were 
fixed with respect to each other in the best configuration 
found at a deflection of 650. 
tion at 65O is presented as 

A sketch of the configura- 
fi ure 2. 

z 
Photographs of the 

model with the flap deflected 50 are presented as 
figure 3. All flap deflections hereinafter refer to the 
angle between the flap chord line and the wing chord line 
(coincident at O" deflection). For deflections of less 
than 20°, for which the vane would be entirely inside the 
wing, a slight upward movement of the vane would be 
required in order to permit the flap to retract without 



interference ; the vane -.vas removed at these deflections 
to simplify the tests. 

. 

An arbitrary flap path ;Nas chosen to retract the flvp 
into the wSn 

2 
. 

the 650 and 
The flap moved slightly fortTar between 

Oo deflections, pivoted about a Doint near 
the nose of the vane between deflections of 6b=) and &o, 
and moved forward and upward from ltO* to Co. The oo~iti.~z? 
of the fla,p nose at various flag de:-lections are pro3snteC 
in table IV, and sketches of the flap in the various ?osi- 
tions are presented as figure 4. The flap nose is the 
intersection of the flap chord line with the nose 0," the 
rear part of the double slotted flap. 

RESULTS AND DISCdSSIOK 

The tests of the NACA 653-,!~18 airfoil sectlon with 
boundary-1a;ver control were planned. to find not only the 
effect of boundary-layer control on the lift and drag 

, 

characterfstics of the airfoil but also the relation 
between changes in the lift and drag characteristics and .l 
changes in the nature of the flow in the boundary layer. - 
The discussion is therefore divided into three parts. 
The first two narts deal with the e,, ""ect of flo:v rate on 
the lift and drag characteristics of the wing with various 
f'la=, deflections and at different Reynolds numbers bnC 
the-third Dart,with the effect of boundary-layer control 
on the variations of the boundary-layer displacement 
thickness and shape ,Faram;eter and the pressure losses 
in the suction slot. 

Lift Characteristics 

Variation of lift coefficient with angle of attack.- 
The lift characteristics of the ZLCA b52-41L airfoil 
sectlon w.lth boundary-layer control at 6arious flap 
deflections and Reynolds numbers are Fresented in figure 5. 
The vredo.mln&nt effect of boundary-layer control tis shown 
by these data is the extension of the straight p&rt of 
the lrft curve to higher angles of attack than for the 
airfoil without boundary-layer control. The angle of 
attack at Lvhich maximum lift occurred with coundary-layer 
control was in no case more than 2o or 3o grei;ter than 
the angle o 
of 6.0 x 10 8 

attack for maximum lift at a Reynolds nu!!?bor 
(fig. 5(b)) for the plain wing. Consistent 
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increases in maximum lift coefficient were found with 
increasing rate of flow and wFth increasing flas deflec- 
tion up to flap deflections of 45*. Ait a Reynolds number 
of 1.9 x 106, little change in maximum lift was found 
with increasing flap deflection above a deflection of 45O. 

Kost of the lift data presented in figura 5 shon that 
the lift-curve slope and angle of zero lift for the wing 
with boundary-layer control-differ somewhat fram the values 
found for the no-control condition. In general the lift- 
curve slope tends to increase and the angle of zero lift 
tends to become more negative with fncreasing flow coef- 
ficient. The lift-curve slope probably increases because 
the boundary layer becomes thinner over a large Tart of 
the M.ng as the flow rate increases. The thinner boundary 
laver had an effect similar to that of increased camber 
an3 brought about the downward shift 2n the angle of zero 
lift. 

mfect of roughness.- Lift data are presented in 
figure 6 for the airfoil with leading-edge roughness at 
a flap def16ction of 650 and with different flow rates. 
The roughness consisted of Carborundum grains having an 
average diameter of O.Oll-inch applied to both surfaces 
of the airfoil as far back as 0.078~. 
in figure 6, 

As may be seen 
increaslng the flow rate above a value 

of 0.016 brought about only a small change in maximum 
lift. Co,~pmison of these curves with those for the 
smooth wing presented in figure 5(t) shows that roughness 
decreased the maximum lift coefficient for the no-flow 
condition from 3.11 to 2.64, and from 3.88 to 3.16 at a 
flow coefficient of 0.024. Turbulent separation uro5ably 
occurred upstream of the slot at angles of attack greater 
than that at which the lift coefficient of 3.16 i'ras 
obtained. The angle at which maximurfi lift occurred, 
approximately 6”, was very low compared with tha angle 
of attack for maximum lfft of 17o for the smooth v:ing at 
the ssme flow rate, flap deflection, and Reynolds number. 



Vdriations of czmLax with flap deflection.- The 
variations of maxim& lift coefficient with flag deflection 
are presented in figure 7 for several Reynolds numbers 
and flow coefficients. The deflection at ivhich the flsip 
caused the largest maximum lift coefficient increase? 
w-lth Reynolds number, and at a flow coefficient of zero 
an increase in maxfmum lift coefficient with Reynolds 
number was observed for all flap deflections for which 
data were obtained. At a fiow coefficient of O.O&., 
however, a small decrease in maxfmulm lift coefficient 
vtith increasing RcynolJs number was observed at flap 
deflections of Oo and 45O. 

The highest lift coefficient reached was 4.16, 
nbtafned with a flap deflection of 650 and a flow coef- 
ficient of O.OL.0. WIthout boundary-layer control, the 
same flap 
of 3.5i, 

deflection gave a maximum lift coefficient 
or 0.65 less than with boundary-layer contr,ol. 

With zero flap deflection, the maximum lift coefficients 
!vere 2.50 with a flow coefficient of O.O.!$and 1.50 w!.thout 
boundary-layer control. The Flow coefficient of C.Ol$l 
corresnoncis to a flow with free-stream velocity through 
tin area equal to 4 percent of the viing area. 

Variation of 'Zmax with flow- rate.- The variations 
of maximum lift coefficient with flow coefficient for 
several flap deflections and Reynolds numbers are pre- 
sented in figure 8. ~11 the data show that,for the r&$e 
of flow coefficient for which data were obtained, maximm 
lift coefficient increased with increasing flew coeffi- 
cient. At a flap deflection of 650 and flow coefficients 
above approximately 0.012, Reynolds number aT>peared t3 
have little or no effect on the maximum lift cDePi!'icient 
attainable with boundary-layer control. The T T data 
were obtained at a Reynolds number of 6.0 x 10 E U? to 
flow coeffi 

iii 
ients 

of 3.4 x 10 
of 0.024, and at a Reynolds nu!.nber 

at higher flow coefficients. 

Drag Characteristics 

Drag characteristics of the model Hth and without 
boundary-layer control at flap deflections from Oo to &I0 
are presented in figure 5. ?3oth the profile-drag coefr"i- 
clents, obtained from the wake surveys, and the total 
drag coefficients, obtained by adding the bloker drag 
coefficients to the profile-drag coefficients, are shotin. 

. 
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In calculations of the internal, or blower, drag coeffi- 
cients the required power was furnished by a machine 
assumed to be lOO-Tercent efficient. As n,ay be seen in 
figure 9, at relatively low lift coefficients the total 
drag with boundary-layer control is greater than that 
:YZthout boundary-layer control. AS the lift coefficients 
increase, hov6ever, the total drag for the slot-sealed 
conditton becomes higher than that for a flow coefficient 
of O.CO8. 

Boundary Layer and Related Characteristics 

Part of boundary layer being removed.- As a n;easure 
of the amount of the boundary layer ahead of the slot 
that is being removed at various flow coefficients, the 
ratio </T!G*b has been presented in figure 10 as a 
function of flow coefficient at a flap deflection of 650 
and an angle of attacic of 160. At a flow coefficient 
,>f 6.020 the value of Q/W*b was equal to 0.4. In 
reference 1 it was found that the suc.tion slots were 
operatrng at their maximum effectiveness irrhen Q/lw-b 
W&S equal to 1. Zxtrapolation of the curve of figure 10 
would indicate that increases in lift would still be 
attained above flow coefficients of C.040, provided the 
relation found in reference 1 holds true for the present 
airfoil. The possibility that further increases fn 
maximum lift coefficient could be obtained at higher flow 
rates was also indicated in figure 8. 

Pressure losses in suction slot.- The difference 
between free-stream total pressure and the pressure inside 
the duct, in terms of the local dynamic pressure ahead of 
the slot, is presented as a function of flow coefficient 
in figure 11 for an angle 0, 
deflection of 650. 

f attack of 160 and a flap 
The difference between free-stream 

total pressure and the pressure 3nside the duct includes 
the loss in total pressure in the boundary layer up to, 
the slot, the loss through the slot, and the loss in 
expansion into the duct. At a flow coefficient of 0.020 
the pressure drop required was found to be approximately 
115 percent of the local dynamic pressure, w'hile at a 
flow coefficient of 0.008 the drop required was found to 
be approximately 85 percent of the local dynamic pressure. 

The variations with angle of attack of the ratio of 
the total-pressure loss in the duct to free-stream dyna;nic 
pressure are presented in figure 12 for several flap 
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deflections and flow coefficients. These data are useful 
in estimating the power requirements for various flew 
rates and flap deflections. The horsepower required fJr 
boundary-layer control can be found directly from this 
figure by use cf the relation: 

c;l(HO 
Horsepower = - Hb) 

550 
where Q is in cubic feet Ter second and FI, and Hb 
are in pounds per square foot. 

Boundary-layer shape parameter and displacement 
thickness.- The results of boundary-layer surveys at a 
FiGdefTection of 6!j" and an angle of attack of 16O are 
presented in figure 13. The variation of the shape 
parameter H is presented in figure 13(a) and ,";a;,o," 
the boundary-layer disclacement thickness 6$$ 
sented in figure 13(b). AS far back as 0.25~ little 

'change in the shape ,parameter was found to occur between 
flow coefficients of 0.010 and 0.017. kt 0.2oc 1; had 
attained a value of 1.66. From this point up to the 
suction slot the value of H decreased, the amount of 
the decrease depending upon the flow rate. In refer- 
ence 2 It was pointed out that se aration was itnmjnent 
I-or values of 8 H greater than 1. . Because at 0.2Oc 
H had attained a value close to 1.8, it is possible that 
at a slightly higher angle of attack than that for which 
data are presented separation would occur close to 0.20~. 
As the flow coefficient was increased, the slot might 
have an appreciable effect in the neighborhood of 0.20~ 
and serve to delay separation to a slightly higher angle 
of attack. Tuft studies showed that, as the flow coef- 
ficient was increased, a tendency for separation to occur 
near the trailing edge was eliminated and smooth flow was 
observed over the entire wing. As the angle of attack 
was increased in this condition, no fluctuation of the 
tufts was apparent until the flow apgaared to separate 
from the leading edge. Increasing the flow coefficient. 
still further brought about no change in the nature of 
the stall but did increase the maximum lift coefficient 
and extend the straight part of the lift curve to a 
slightly higher angle of attack. Further straightening 
of the lift curve, even after turbulent separation at 
the rear had been eliminated by the boundary-layer control, 
is ascribed to the reduction of boundary-layer thickness 
toward the rear. 

. 

. 
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The boundary-layer displacement thickness (fig. 13(b)) 
was affected by the suctFon slot in much the same manner 
as the shape parameter, because t-he slot exerted an influ- 
ence on the displacement thickness as far forward as 
approxfmately 0.2Oc, and directly behind the slot the 
dtsplacement thickness was extremely small. 

The variations with flow coefficient of W&e shape 
parameter just upstream and downstream of the slot at an 
angle of attack of 16O and a flap deflection of 650 are 
nresented in figure 14. i- The shape parmeter was found 
uo decrease consistently as the flow coefficient increased 
both upstream and downstream of the slot. The value of Ei 
was decreased approximately 0.15 Fn passing over the slot. 
ThFs decrease apT)eared to be independent of the flow coef- 
ficient. 

CCiELUSIOXS 

The results obtained in tests of an XRCA 655-416 air- 
foil section equfpped with a 0.29-airfoil-chord double 
slJtted flap and a boundary-layer suction slot located 
at 0.45 airfoil chord indj.cated the follow;ring conclusions: 

1. B maximum section lift coefficient of 4.16 was 
obtained at a flap deflection of 650 fora Reynolds number 
of 3.4 x 106 with boundary-la 

ir 
er control. The flow coef- 

ficient for t&As case >vas O.OhO,corresponding to removal 
of a quantity of air equa, ' to that which would flow with 
free-stream velocity through an area equal to 4 percent 
of the area on Fihich the suction slot was operating. At 
a flap deflection of 00, a maximum lift coefficient of 2.50 
was obtained for the. same amount of air flow at the same 
Reynolds number. 

2. Without boundary-layer control, a msxlmum lift 
coefficient of 1.50 was obtained at ,a flap deflect4on of O" 
and a Reynolds number of 6.0 x 106. 
of 65" 

At a flap deflectlon 
a maximum lift coefficient of 3.51 was obtained. 

3= The maximum lift coefficient was still increasing 
with floiir coefficient at the hi.ghest flow coefficient for 
which data were obtained. 
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4. At a flap deflection of' 650, ~egnolds number 
appeared to have little effect on the maximum lift coef- 
ficients found with boundary-layer control for flow coef- 
ficients greater than 0.012, at least between Reynolds 
numbers of l,g x 196 and 6.0 x lC6, 

5. At a flow coefficient of 0.021~, a Reynolds nl;rrber 
of 1.9 X 106, an3 a flap deflection of 65”, r.oughneso 
applied to the leading edge of the >l'ing reduced thz maxi- 
mum lift coefficient from 5.813 to 3.16. Rithout boundarg- 
layer control, the maximum lift coefficient was reduced 
from 3.11 to 2.E&. 

6. 1n no case did the section &ngle of attack for ! 
maximum lift of any of the configuration3 tested witL 
boundary-layer control exceed by more than Lo or 3” the 
section angle of attack for maximum lift at a Reynolds 
number of 6.0 x 106 for the airfoil With flap retracted 
and no boundary-layer control. 

Langley Plemoritll Aeronautical Laboratory 
ISational Advisory Committtie for Aeronautics 

Langley Field, Va., February 11, 1946 
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ORDINATES FOR NACA 653.4~8 AIRFOIL SECZON 

- (St&ions and ordkates in percent 
of wing chord) 

Upper Surface Lower surface 

Station Ordinate Station Ordinate 

0 0 0 0 
.2 
05 a 

8 1. 1.8 
3 1. $ 29 

L.E. radius2 1.96 t 
slope of radius through L.E.r 0.168 

, 
. 

. 
. 

NATIONAL ADVISORY 
COHWITTEE FOR AERONAUTICS 

, 
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m&E’ II 
ORDINATES FOR FLAP FOR NACA 653418 AIRFOIL SECIPION 

(Stations and o?dinates in geroent of 
ting chord) 

Upper Surf 808 Lower Surfaoe 

Station Ordinate Station Ordinate 

NATIONAL ADVISORY 

mBIJ3 III COMMITTEE FOR AERONAUTICS 

ORDINATES F6R VAND FOR NACA 653-418 AIRFOIL SECTION 

(Stations and ordinates in pereeat of 
4 wing chord) 

Upper Surface 

Station Ordinate 

1.16 
2.16 7 
5: t 3s 
2.953 
3.311 

2.386 
2.106 

1.778 
l: Fi 34 

Lower Surface 

Station Ordinate 

2. z 78 
t a ; :1 

4.8;‘e 
25 
8 6$j 

1?i3: 
-1:1 2 1.1 8 

l 33 
9.02 ?I 

1. & 3 

.833 

. 
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. 

(Stations and ordinates in percent 
of wing chord) 

6f 
(de&?) 

Station Ordinate 

!l!ABLE IV 

POSI!I!ION OF FLAP NOSE F'OR VARIOUS FI;AP DEFI;EC!XIONS 

NATIONAL ADVISORY 
COMMllTEE FOR AERONAUTICS 



NATHWL AOWSOIIY 
CoJlNlnEI Fm AEmNurrIcs 

,pi&ure l.- Sohemtlc dradng of BACA 653-u8 airfoil seotlon equipped with bolmdarg-lager ContMl 

by .&ti& and B 0.29~ double 81otted flap. 

. . . 



r 

A. .851?., !L] 

Pip"_"_?.- optimum configuration of double slotted flap on the NACA 65++18 
airfoil section. c 

c 



la1 Frqnt top view. 

Figure 3.- NACA 653-418 airfoil section with boundary-layer control and 
double slotted flap. Efr 65’. 
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(b) Rear top view. 

Figure 3.- Concluded. 
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Fig. 5a NACA TN No. 1071 

SeOtlon Pn&a of attaok, o,, , dog 

(a) Of = 00; R = 1.9 x 106, tests, LPT 402, 406. 

Fl@'e 5.- Lift oharaoterlstlos of the NACA 65+8 airfoil motion with a 0.290 double 
alotted flap and how-layar oontrol. 

. 

. 
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HACA TN No. 1071 Fig. 5b 

. 

(b) Q = o”; taut, TDT 892. 

Fiwe 5.- OO?ithuad. 
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(0) Of = 100; R = 1.9 x 106; teat, Lrn 402, 406. 
Flgur0 5.- ctontlnu6d. 



c 

NACA TN No. 1071 Fig. 5d 

. 

(d) 8f p 20’; 2 = 1.9 X 10 6; toot. LTplpJ2. 406. 

Figurr 5.- CantlmnQ. 



Fig. 5e NACA TN No. 1071 

f 

(0) Of = 30'; R = 1.9 x 106; t08ts, LTT 402, 406, 
Flgurs 5.- Contlnuad. 

c 

. 
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