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SUMMARY

An investigation has been made of the low-speed two-dimensional
aerodynamic characteristics of an NACA 0006 airfoil.with area suction
near the leading edge. The msximum lift coefficient of the airfoil was
increased from 0.87 to 1.25 for a section flow coefficient of 0.0010 at
a free-stream velocity of 162 feet per second. .

From an analysis of the data presented in this report and in NACA
TN 3093 (area suction on a 10.51-percent-thick airfoil), it was found.
that for a given increase in lift coefficient the
tity required was related to the magnitude of the
external pressure coefficients at the leading and
porous area.

less

INTRODUCTION

minimum suction quan-
difference between the
trailing edges of the

/

The maximum lift of symmetrical airfoils with thickness-chord ratios
than about 0.12 is generally United by separation of the laminar

boundary layer from the upper surface. The manner in which an airfoil
stalls, however, is influenced by the thickness ratio and by the local-
ized “bubble” of separated flow near the leading edge (ref. 1). Gener-
ally, for airfoils with a thickness-chord ratio of 0.06, the staid.is .
classified as thin-airfoil stall and is preceded by flow separation nesr
the leading edge with reattachment at a point which moves progressively
downstream with increastig smgl.eof attack. The stall occurs as the
reattachment point coincides with the trailing edge. With increased
thickness (to the order of 0.10), the flow separation preceding the stall
is localized near the leading edge. At the stall, which is classified as
a leading-edge stall, the flow separates abruptly from”the leading edge
without subsequent reattachment.

It has been demonstrated that suction through a porous area near
the leading edge csm eliminate the latter type of stall, with a resultant
increase in the maximum lift (refs. 2 to,h). With adequate suction, the
msximum lift of moderately thick airfoils (10 to 12 percent thick) is .
generally limited by the separation of the turbulent boundary layer
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starting near the trailing edge. The effectiveness of leading-edge area
suction in increasing the msxhum lift of a 6-percent-thick airfoil has
been open to some question, hmm=2 be-= Of the ~ferent tYPe of
sta12 (i.e., thin-airfoil stall).

The qerimental investigation reported herein was undertaken to
ascertain the effec’bivenessof boundary-layer control on a thin two-
dimensional airfoil - an NAC!A0006. The model was equipped for area
suction near the leading edge and with.a 0.20-chord split flap. The
tests were made in one of the Ames 7- by 10-foot wind tunnels and included
measurements of the sw?face pressure distributions, LLFt, profile drag,
suction requirements, and boundary-layer ch=”acteristics.
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NOTATION

airfoil chord, ft

section profile-drag coefficient, —:C’
surveys

L
section lift coefficient, —UC

as determined from wake

section pitching-moment coefficient referred to the
M●point, —
GC2

quarter-chord

Jv ds
section flow coefficient, —

(The 13mits oftitegrati~nv%e the foremost and rearmost points
of area suction.)

suction power coefficient (ref. 3),

drag per unit span, lb
*

boundary-~yer shape par=eter, ~

pressure difference across porous material, in. ~0

lift per unit span, lb

pitching moment per unit span, referred to the gyarter-chord
point, lb-ft

P-PO
pressure coefficient, ~

.
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P

static pressure, lb/sq ft “

volume rate of flow per unit span, cu ft/sec

free-stream dynamic pressure, ~POVo2j lb/sq ft

distance along airfoil surface, ft

maximum airfoil thickness, ft

local velocity outside boundary layer, f-pa

local velocity within boundary layer, fps

free-stream velocity, fps

suction air velocity normal to outer surface of the airfoil, fps

chordwise extent of porous area, ft

distance from leading edge of the porous area measured parallei to
chord line, ft

distance

angle of

ratio of

from airfoil measured normal to surface, ft

attack, deg

specific heats for air, taken as 1.4

total boundary-layer thiclmess, ft

boundary-layer

boundary-layer

displacement thickness,
LEG -Ow’ N

momentum thickness,
L% -~)”,=

ind~ of resistivity defined as the total-pressure difference h
in. H20 required to induce a suction air velocity of 1 fps
through a porous materisl of a given thictiess

mass density of air, slugs/cu ft

——..— .——. — —. ——.—— -. —. .- —.—.—
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Subscripts

NACATN 3285

e local external point

TE trailing edge of porous area

o free-stream conditions

1 conditions in suction duct

O*5 station, percent chord

MODEL

The model used for this investigation had a 4.5-foot chord aud
spanned the T-foot dimension of the wind tunnel. The airfoil section
was the NACA 0006. (Coordinatesare given in table I.) Flush orifices
were provided along the midspan of the model for determinhg the chord-
wise distribution of pressure. The model’is shown installed in the wind
tunnel in figure 1.

For the tests of the plati wing, a solid wood nose was used. Details ,
of the mcilelillustrating the arrangement of the permeable material in
the ~orous nose are shown in figure 2. The permeable leading edge con-
sisted of a perforated metal sheet backed with a commercial grqde of felt.
The characteristics of the p~orated sheet and felt are given in
“table II. The perforated sheet formed the external airfoil surface and
was spot-welded to l/16-inch-thick ribs spaced approxhatel.y 4.5 inches.
The felt was held against the perforated surface material by a 16-mesh,
0.023-inch-diameterwire cloth supported by l/8-inch-diameter rods which
passed through the metal ribs as shown in figure 2. The nose was porous
~om. 2-percent chord on the lower surface around the leading edge to
T-percent chord on the u~er surface. Various chordwise extents of porous
area were obtained by closing off portions”of the porous surface with a
nonporous tape.

The thichess of the felt backing was vaiied to obtain various
suction-velocitydistributions. The chordwise variations of thiclmess
and resistivity for the permeability arrangements tested are given in
table III. The resistances to air flow of the porous materials are
given in figure 3. “

A 0.2-chord split flap was simulated in the tests by a l/l6-inch-
thick metsl ylate fastened to the lower surface of the model and deflec-
ted 600 relative to the airfoil chord line with ribs between the flap
and the model. ,.,,

.- .- -.
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APPARATUS

5

The suction Pressure required to induce flow through the porous
material was provided by a vacuum pump located outside the wind tunnel.
Air was drawn through the porous nose into the hollow spar in the air-
foil and then through ducting and a control valve to the vacuum pump.
The cross-sectional areas of the plenum chamber and ducting were large
enougn to reduce the dynamic pressure of the induced aix to negligible
valuee and to insure uniform internal pressure across the span of the
model.

Boundary-layer velocity profiles were measured by means of small
rakes fastened to the airfoil surface. A larger survey rake connected
to an integrating manometer was used to measure wake pressures for the
calculation of wake drag.

TEST METHODS

Air flow through the porous area of the airfoil was induced by
maintaining a pressure inside the model that, generally, was less than
the external pressure. The suction air velocity at a given chordtise
station was calculated from the measured pressure difference across the
porous material and the lmown flow-resistance characteristics of the
porous materials. The flow-resistance characteristics of the porous
materials were ascertained experimentally by the method described in
reference 5. The section flow coefficients q were calculated from
integration of the suction air velocity across the porous suxface.

The method of obtaining data was (1) to maintain various constant
values of suction air velocity at a given chordwise point on the airfoil
as the angle of attack was varied, or (2) to maintain various constant
angles of attack as the suction air velocity was varied. For this latter

method, at angles of attack above 6° there
was a value of section flow coefficient

~ . co~~t

below which a decrease in ltft occurred
as indicated in the adjacent sketch. The
CQ for a given angle of attack at which
the decrease in lift occurs wi~ here-
after be designated as the stall-point
c. Cz G
Q /’

The tests covered a range of free-
stream velocities from 93 to 187 fps
(Mach number 0.07 to 0.17). The corre-
sponding Reynolds number range based on L

the airfoil chord was 2.4 to 5.1 million. %

Wake-drag data were obtained at a Reynolds number of 5.1 milldon.

——— . ————..- —.
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The lift and pitching moment’were measured by the wind-tunnel
bal=ce system. The profile drag was calculated from wake pressures
measured by a rake one-hti chord length behind the traiMng edge of the
airfoil.

!hmnel-wall corrections computed by the methd of reference 6 were
app~ed to the &ta as follows:

a

cl

Cd

Cm

where the subscript u

= ~ + 0.38 Czu + 1.53 c%

= 0.95 Czu

= 0.99 Cdu

= 0.99 c’q + 0.01 C2U

denotes uncorrected values.

RESULTS AND DISCUSSION

Stall of the Model

In the
ing edge of
above 6° as

mresent investiszation,the use of area suction near the lead-
;he NACA 0006 a&oil” increased the lift for angles of attack
shown ti figure 4. The maximum lift coefficient of the plain

airfoil without suction-was 0.87 and the stall was of the thin-airfoil
type described in reference 1. With the largest amount of suction that
could be app~ed with the suction equipment (cQ = 0.0@2), the linear
portion of the lift curve was extended to a lift coefficient of about
1.26 (a=~”). Above this lift coefficient, the lift continued to
increase with increasing angle of attack, but at a considerably reduced
rate, at least up to an angle of 19.5°. For angles of attack ~eater
than 12°, the flow over the model as indicated by force, pressure-
distribution, and boundary-kyer measurements did not appear to be two
dhensional ● Tuft studies indicated a slight amount of rough flow on the
model near the tunnel floor and ceiling at an angle of attack of about 10°.
These regions of rough flow grew in extent, most rapidly near the trailing
edge, with increasing angle of attack and covered a considerable portion
of the model for sagles of attack above 12°. Apparently the reduced pres-
sure on the wing, especially with suction at high lifts, caused a transfer
of some of the boundary layer from the tunnel wallE on to the ends of the
model. Attempts to eliminate or limit the spread of the re@on of rough
flow with arrangements of se~tion plates, fences, and leading-edge
slats at the ends of the model (similar to the arrangements used for the
tests reported in refs. 3 and 4) were unsuccessful. Therefore, in the ‘
remainder of the report the discussion of the aerodynamic characteristics
and flow requirements of the airfoil with suction will be kbited to .1
angles of attack less than about 120.
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For angles of attack less than 12°, the
CQ was reduced below the stall-point value,

7

stalJ.of the model, as the
resembled thin-airfoil stall..

~“e chordwise distributions of pressure showed an abrupt co~pse of the
leading-edge pressure peak with redistribution of the pressures giving
the flat-type pressure-distribution characteristic of separated flow near
the leading edge.

.
Effect of Chordwise Extent of Suction

The lift characteristics of the model with various chordwise extents
of suction are shown in figure 5 for section flow coefficients above the
staid.-pointvalues. The Stdl.-pOtit @Uef3 Of cQ are ~S_kd h the
following table for angles of attack near that at which an abrupt change
in lift-curve slope occurred. Increasing the suction quantities above
the stall-point values did not increase the lift significantly.

Chordwise extent a,
of suction, deg

cQ c1

. percent c

0.3 lower to
2 u~er 11.5 0.0020 1.23

0 to 7 upper only 11.5 .0049 1.24
0 to 1 upper only 11.5 .0008 1.22

0 to 0.5 u~er only U*5 .0006 1.22
0.1 to 2 upper only 9.4 .0015 1.00
0.2 to 2 upper only 8.4 ●0012 .90

It was found that the minimum extent of suction required for lift con-
trol, O- to 0.5-percent chord on the upper surface, also resulted in the
least f3ta~-po~t CQ. This minhum extent is approxhately the value
determined by the method discussed by Thwaites in reference 7. Opening

the porous area around the leading edge to the lower surface or down-
stream of 0.5-percent chord did not affect the lift at a given angle of
attack but did increase the required volume of suction flow. The magni-
tude of the suction velocities between O- and 0.5-percent chord at the
stall point were, for all practical.purposes, unchanged for openings
greater than O- to 0.5-percent chord.

The data in this report and those in reference 4 (leading-age
suction on an airfoil 10.5 percent thick) indicate that for both airfoils
the optimum popition of the leading edge of the porous area coincided with
the location of the minim—m external pressure coefficient.

—— .—-— -——— —.
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Chordtise Variation of Suction Velocity
.

The lift and suction-flow characteristics of the model are sho~m in
figures 61 and 7. The maximum values of CQ shown in figures 6(a) and
7(a) were the ~um obtainable with the suction pump.

The data in figure 6 were obtaind with a uniform thictiess of felt
backing the permeable surface material. With this arrangement, the pres-
sure differences across the porous material induced suction velocities
that were a minimum at the point of minimum external pressure and
increased in magnitude for positions downstreamas shown in figure 6(c).
The data in figure 7 were obtained with the felt thiclmess tapered to
give a nearly uniform suction velocity over the porous area at a lift
coefficient of approximately 1.3 and a free-stream velocity of 162 fps.

Examination of parts (a) of figures 6 and 7 shows that the section
flow coefficient to obtain a given lift coefficient was less for the
tapered permeability. !l?hiscan be seen more clearly in figure 8 where
the variation of stall-point section flow coefficient with Mft coeffi-
cient is presented for the two permeability arrangements. Although the
stall-point suction-velocitydistributions (parts (c) of figs. 6 and 7)
differed, the plenum-chamber pressure coefficients at the stall point
were nearly the same, as is shown in the following table:

stall-point
plenum-chamber pressure

a) coefficient, P1
deg

uniform Tapered
permeability permeability

8.4 -13.1 -15.4
9.4 -18.0 -19.4
10.4 ●-22.8 -23.8
11.5 -27.5 -28.0
E*5 -31.4 -32.4

For the uniform permeability, the lift at a given angle of attack
decreased when the suction velocity at tie le.a~g edge approached 0°
The stall-point suction velocities at 0.5-percent chord increased with
Uft coefficient aa shown in figure 9, and at a cl of 1.3 were of the
order of 2.5 percent of the local velocity outside the boundary layer.

lDa~ were first obt~ed ~th a less rigid surface ~terial {See

table II). with suction, a slight concatity formed betwe~ ~jac~t
ribs. These data are not included, as the results were the same as those
presented with the more ri@d surface material which had no noticeable
‘distortion.

.

— —
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For the tapered permeability, the stall-point suction velocities
at 0.5-percent chord were considerably less than for the uniform perme-
abi~ty as shown in figure 9. At a lift coefficient of 1.3, the suction
velocity was of the order of 2.0 percent of the local velocity at 0.5-
percent chord.

Typical Aerodynamic Characteristics

The lift and pitching-moment characteristics are presented in
figures 6(b) aud 7(b). The profile drag of the model vith the tapered
permeability is shown in figure 10 for the suction-off and suction-
ap@ied cases. Two sucti,on-offconditions are presented: (1) suction
air line between the model and the suction pump closed and (2) porous
area sealed with a nonporous tape between the porous metal surface and
the felt backing.

The chordwise distributions of the external pressure coefficients
on the plain airfoil and on the model with suction are shown in figure Il.
For section flow coefficients above the stall-point value, the chordtise
distributions of pressure were the same for either permeability distri-
bution. The data in figure n(a) illustrate the rapid development of
high pressure peaks near the leading edge, typical of thin airfoils, as
the angle of attack is increased. At 12° angle of attack with suction
applied (fig. n(b)), the pressure coefficient at the leading edge was
approdmately -30. The typical variation of the pressure distribution
with decreasing section flow coefficient for a given angle of attack is
shown in figure n(c).

The variation of the pressure coefficients at varioum points on the
chord tith angle of attack are shown in figure 12. These data are typ-
ical for section flow coefficients from 0.0014 to 0.0022. It would
appear, from the variation of pressure coefficient, that the flow phe-
nomena which limited the @ns in lift with suction to a lift coefficient
of approximately 1.3 (discussedunder “Stall of the Model”) did not result
from flow separation from the leading edge.

Velocities in the boundary layer were measured along the center of
the span of the model from 10 to 95 percent of the chord on the upper
surface. The results are presented in figure 13 as the chordwise vari-
ations of the derived parameters, momentum thickness e, and shape
parameter H. Ty-pical.boundary-layer velocity profiles from which these
parameters were ascertained are shown in figure 14. With suction, the
boundary layer at the trailing edge of the suction area could not be
detected with a total-pressure tube (0.@!6-inch inside diameter and
0.005-imch wall) on the surface of the model until the suction velocities
were reduced below the stall-point values.

The boundary-layer momentum thiclmess increased from the downstream
edge of the suction area to the t+ailing edge of the airfoil. The shape

-. .— . — ———... —. — . ...—— ———— —
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parameter H, however, remained nearly constant and was never greater
than 1.7, even at 95-percent chord. This value is not considered to be
indicative of separation of a turbulent bouudary layer (ref. 8).

Effect of Free-Stream Velocity

In order to evaluate the power requirements for area
necessary to stipulate the free-stream velocity as may be
relation

horsepower per foot of span =
%qOvoc

550

suction it is
seen from the

(1)

from reference 3, where Cw is a parameter not necessarily constant with
free-stream,velocity aud is related to the section flow coefficient and
plenum-chamber pressure coefficient by

Cw = -cQ+Oow’(3+00’@8(%T0*44wl‘2)
For the 6-percent-thick airfoil investigated, the stall-point suction
requirements were determined over a range of free-stream velocities from
93 to 187 fPS. The results in terms of horsepower per foot of span are
presented in figure 15 for the tapered permeability arrangement. (.,

Over the Reynolds number range of the tests (2,400,000 to 5,100,000)
0 the horsepowfor angles of attack above 8.4, er per foot of span increased

at a rate ~eater than VOS; this can be attributed to the increase in
section flow and plenum-chamber pressure coefficients resulting from the
increase in the stall-point suction velocities. The stall-point suction
velocity at 0.5-percent chord generally increased more rapidly than Vo.
The suction-velocity distributions corresponding to the stall-point suction
velocities of figure 15 are presented in figure 16.

Effect of a Deflected Flap

The model was also tested with a 20-percent-chord split flap
deflected 600 in order to obtain a high nmclmum lift at a more usable
angle of attack. The results are shown in figure 17. The increase in
lift-curve slope above 0° angle of attack for the model without suction
tith the flap deflected is d~cteristic of thin uncambered airfoils.
The variation of lift coefficient with section flow coefficient and the
stall-point suction-velocity distributions are presented in figure 18.
Pressure-distributiondiagrams are shown in figure 19.
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Although the flow coefficients required to obtain the lift coeffi-
cients shown in figure 17 were not large, the external suction pressures
against which the suction pump had to operate were very high, as shown
in figure 19(b). At 12° angle of attack, the pressure coefficient at the
leading edge was approximately -50. These low pressures tend to compli-
cate the design of systems for axea suction on the leading edges of thin
wings. The variation of the pressure coefficients at various points on
the chord with angle of attack are shown in figure 20.

Comparison with Stall-Point Suction Velocities ~
for 10.5-Percent-ThickAirfoil

A comparison was made of the stall-point suction-velocity distri-
butions on the 6-percent-thick airfoil (without the split flap) used in
this investigation and on the symmetrical 10.~-percent-thick airfoil used
for the research reported in reference 4. This comparison indicated that
the values of the stall-point suction velocities at the trailing edge of
the suction area were a function of the difference between the press.pre
coefficients at the leading and trailing edges of the porous areas. Such
a relationship is useful for design purposes in that it provides a basis
for estimating the stall-point section flow coefficient for airfoils with
thickness-chord ratios b the range investigated.

For points downstream of approximately 3-percent chord, the exbernal
pressure coefficients were practically equal for the two airfoils at the
same angle of attack. (See fig. 21.) Upstream of 3-percent chord, the
pressure coefficients were more negative for the NACA 0~6 airfoil. The
differences between the pressure coefficients at the leading and trailing
edges of the porous areas aye presented in figure 22 for the NACA 0006
airfoil and the 10.5-percent-thick airfoil. The data in this figure are
for chordwise @ents of suction from O- to 0.5-percent chord and O- to
l-percent chord for the NACA 0006 airfoil and from 0.3- to 3-percent
chord for the 10.5-percent-thick airfoil.

In figure 23, the variations of the lift increment above the maxhum
for the plain wings and the ratio of suction to local velocity at the
trailing edge of the suction area are presented as functions of the dif-
ference in pressure coefficient between the leading and trolling edges of
the porous area for the two airfoils. Included in this figure are data
for the NACA 0006 airfoil for two chordwise extents of suction, for free-
stream velocities from 93 to 187 fps, and with a deflected flap. It
appears from the data of figure 23 that the reqyired minimum suction-
velocity ratios at the trailing edge of the porous area are a function
of the pressure-coefficient difference between the leading and trailing
edges of the porous area. This relationship appears to be independent
of the chordwise extent of suction or the free-stream velocity and also
appears to apply to the minhum suction velocities reqyired for the

--. . .. .. . ..——+ .— —.. —— — ..—————— -—-———
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airfoil with a deflected flap. However, the lift increments obtained
with the deflected flap were less for a-given pressure difference across
the porous area.

The suction-velocity distributions for two of the permeability
arrangements of figure 23 at a free-stream velocity of 162 fps and a
&e of 14.4 are show in figure 24. ~ reference k, it was shown that
the suction velocity at the leading edge of the suction area could be
reduced below that for arrangement K and still maintain the same value
of lift coefficient, provided that the suction velocity at the trailing
edge of the suction area was maintained (as is shown by the data for
sxrangement L in figure 24). It is believed that with the proper
chordwise distribution of T to yield a suction-velocity distribution
corresponding to that indicated by the dashed line (fig. 24), the stall-
point CQ values for the airfoil.of this investigation could be reduced
for the same plenum-chamber pressures. For the minimum chordwise opening
from O- to 0.5-percent chord, it is estimated that the value of CQ to
attain a lift coefficient of 1.27 would be 0.0003. With the sme suction-
velocity distribution being assumed through the first 0.5-percent chord
but with the downstream edge of the porous area extended to l.O-percent
chord, the ‘valueof CQ to obtain the same lift would be 0.CX107. For
comparison with the test results, the calculated midmum suction quan-
tities are presented in figure 8.

DESIGN

Analysis of the results of
tests reported in references 2,

CONSIDERATIONS

this investigation and the two-dimensional
4, and 9 indicate certain parameters to be

con~idered in applying area suction to airfoils to prevent or delay
leading-edge flow separation. These design considerations are purely
enpirical and sre based on tests of conventional round-nosed airfoils
whose maximum lift without suction is limited by flow separation from
the leading edge. The design considerations also seem to apply, at least
as a first approximateon,

Lift

to airfoils with a flap.

Increment Due to Suction

With leading-edge area suction, the increase in section lift coef-
ficient above that of the plain airfoil obtained for several airfoils of
different thickness were as follows:

— —
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Ref-
erence

2
4

9
---
---

0.12
.105
.08
.06

.06 with

.2-chord
split flap
5 = 60°

1.27 0.36 l.’j
1.30 .45 4.5

.89 .40

.87 .40 4:;
1.89 .43 4.5

Although in each case the increment of lift obtained with suction was
about 0.4, it should be pointed out that for the 10.5- and 12-percent
thick airfoils, maximum lift was limited by turbulent flow separation
which started from the trailing edge. For the 6- and 8-percent-thick
airfoils the lift increment due to suction appeared to be limited by
flow separation resulting from tunnel-wall boundary-layer interference.

Location and Extent of Suction Area

The upstream edge of the porous opening should be on the upper sur-
face at the point of minimum pressure. The downstream edge should be
where the external pressme coefficient corresp~nding to the desired lMt
coefficient is no greater than the mimbnum pressure coefficient reached
prior to the stall on the airfoil without suction. Increasing the chord-
wise extent beyond this minimum length does not increase the magnitude of
the lift obtained but does ficrease the suction quantity required for a
given lift.

Suction-Velocity Distribution

The suction-velocity distribution should be designed for the highest
operating free-stream velocity to be encountered at the design lift coef-
ficient. The chordwise distribution of the suction velocity to obtain
maximum lift with minhum suction quantity should increase from approx-
imately zero at the upstream edge of the suction area to a value at the
downstream edge which is dependent on the free-stream velocity and the
Ufference between the external pressure coefficients at the leading and
trailing edges of the suction area. The values of suction-velocity ratio
at the downstream edge of the porous area for various free-stream veloc-
ities can be estfmated from figure 35 of reference 4 and figures 15 and
23 of this report.

—. -..—---.—.— —.——— — ———
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Selection of Porous Material

The r-esistivityof the porous material at the upstream edge of the
porous area should be small in order to keep the suction pressures as
small as possible. The value of T should increase downstream suffi-
ciently to obtain the required suction velocity at the downstream edge
of the suction area at the design free-stream velocity and lift coeffi-
cient.

The type of porous material can be selected with the aid of refer-
ence 5. The surface t-ure, sintered metal or perforated plate (700 to
4,200 holes/sq in.), is not a controlll@g factor for maMmum lift.

Power Requirements

The power required for suction, neglecting duct losses, can be cal-
culated from the external pressure distribution, the plenum-chamber
pressure, and the flow resistance of the porous material. (See ref. 3
for sample calculations.) The calculations would not be dependent on the
material itself but rather on the ind= of resistivity T of the material.

.

CONCLUDING REMARKS

Two-dimensional tests were made of an NACA 00~ airfoil with axea
suction near the leading edge. Aerodynamic data and suction requirements
were obtained fm various chordwise extents of suction within the region
from 2-percent chord on the lower surface around the leading edge to
7-percent chord on the upper surface at free-stream velocities between
93 and 187 fps. At a free-stream velocity of 162 fps, a section flow
coefficient of 0.0010 increased cl- from about 0.87 to 1.25 by delay-

ing the st&ll from 9° to 12° angle of attack. The most economical efient
of suction for this lift increase was on the upper surface from the lead-
ing edge to 0.5-percent chord.

Data were also obtained with a 0.2-chord split flap deflected 600.
With this flap, a section flow coefficient of 0.0015 at a free-stream
velocity of 133 fps increased ck from 1.9 to 2.2.

111.ghnegative values of pressure coefficient were obtained on the
leading edge of the airfoil with suction. Pressure coefficients of the -,
order of -30 and -50 were obtained
with the split flap deflected 600,
which the pump must supply tend to
area suction.

for the airfoil and for the airfoil
respectively. These low pressures
complicate the design of systems for . d
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From a comparison of the results obtained on the NACA 0~6 airfoil
in this investigation with the results obtained on a symmetrical airfoil
10.5 percent thick (NACA TN 3093), it was found that for a given lift
increase the mi.ntmumsuction quantity requ.iredwas related to the magni-
tude of the difference between the external pressure coefficients at the
leading and trailing edges of the porous area.

Ames Aeronautical Laboratory
l?ational Advisory C&ttee for Aeronautics

Moffett Field, ca~f., June 29, 1954
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McCullough, George B.,
Representative Types
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TABLE I.- COORDINATES OF THE NACA 00C6 AIRFOIZ
[Percent airfoil chord]

Station

o
1.25
2.5

. ;:;
10
1.5
20
25

X
50
60
70
80
90
95
100
100

Ordinate

o
.95

1.31
1.78
2.10
2.34
2.67
2.87
2.97
3.00
2.90
2.65
2.28
1.83
1.31

.72

.40
(.Q5)
o

L.E. radi~: 0.40

.

.
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TABLE II.- CHARACTERISTICS OF THE MATERIALS USED
IN THE POROUS LEADING EDGE

Surface: Perforated metal sheet (ref. 10)
Hole diam., in.*... . . . ..= ... . ..”s ● 0c@O
Holes persq in..... . ..o=oooo .0000 714

Percent open . . . . . . . ● . = = =.-..=.=. ● 2300
Nominal thiclmess, in.. .o=. ~ =.=00000= 0.016
Index ofresistivity, T .o. .=o=. o=*o”o “O*OO9

Backing: Felt cloth (ref. 11)
Color . . . . . . . ...= .~60=oo~”oso=~ite
lb/sqyd . . . . . ...== ● =.00 *00” 0=8*4
Percent wool . . . . . . ● .**.*...**.* . . 100
Nominal thiclmess, in.. . . . . . . . . . . . . . .0.50
Index of resistitity, T
for 0.15in. thickness.. . . . . . . . . . . . . . 3.6

for 0.50in. thickness.. . . . . . . . . . . ...8.2

Data were also obtained but not presented in this report for
the model equ%pped with a surface material consisting of
a O.006-tich-thickmetal mesh having 4,225 0.005-inch square
perforations per sq in. and 10.5-Tercent open area (ref. 12).

.
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TABLE III.- PERMEABliXI’YARRANGEMENTS TESTED

Chordtise station,
x/c,

percent

Felt thickness
in.

Index of resistivityj
T

I Uniform -permeability

o
.10
.28
.60

1.17 .
2.00
2.92
5.75

0.15

v

3.6

1“

I Tapered permeability

o
.10
.28
.60

1.17
2.00
2.92
5.75

0.062
.135
.22
● 30
●37
.41
.44
.48

1.04
2.07
3.55
4.88
6.01

19
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“

.

..
A-l&lo.l

(a) Arrangement of the permeable material in the leading edge.

w ?

,

Qm

I

=@&=

(b) Section through the model.

Figure 2.- Details of model construction.

.
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Perforated plate

•1 No backin
fBacked by elt cloth

‘/’ 5 /0 50 100

Suction air velocity, v, fps

Figure 3.- Resistance io air flow of the porous materials used in the
tests.
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.

0 Plain wing . #

/.4 A CQ=0.0014 l-t’“

•1 CQ=0.0022

1.2

/.0

.8

.

.6

.4 /

v

4 8 /2 /6 20

Section ungle of oftack, a, o’eg

Figure 4.-Effect of suction on the lift characteristics of the
model; Vo=162 fps.
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Fi@ure 5.- Lift characteristics of the model for various &ordwise extents of sucilon
with the tapered permeability for section f/ow coefficients above the stall- poi’nt
VdWS; V.= /62 fps,
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Section flow coefficient co

(0) Constant angle of aftack.

Section angle of Secfion
atfack, C, deg pifchhg - moment

Coefficient< cm

(b) Constant section flow
coefficient.

,.

.

‘x10-4

Percent chord

(c) Stall - point velocity
diagrams.

, L.

f7gue 6-Lift and flow chamcferitiics of the model with uniform permeability I
Porn O-to /-percent chord on the upper sunlace; ~= 162 ?@. .

.
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/.0 /

Permeability

.8
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,

.6 ‘

.4

~AC2A/=
——

.2 I
0 2 4 6 8 /0x /o-

Sfoll -point cQ

..

.

‘4

Figure 8.- Comparison of the stall-point section flow coefficients for the
permeability arrangements tested, suction from O-to 1-percent chord;
~= /62 fps.
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Figure 9.- Vorhfion of the stall -poiti suction velocity at O. 5-percent chore’ wh% section lift

coefficient, suction from 0- fo 1 -~rcent chord; ~ = /62 fps,
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Fi@ure /0.- Lift ‘c@ drag chorocteristics of the model; ~= 187 fps.
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(0) Plain airfoil.

Figure /1. - Pressure distribution over the mode~ L$=i 62 fps.
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v 12.5
Flogged ~mbak idtbate

her surface

1 1 1
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Percent chord

(b) Model with tapered permeabii’ity from O-to l-percent chore
CQ=0.0016.

Figure 11.- Contbued.
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NACA TN 3285
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Figure 12. -Variofion of the pressure coefficients at particular choro’wise
sfofions with ongle of ottock for the model with topered permeability
from O- to l-percent chord; CQ=O. 00/ 6; Vo= 162 fps.
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Figure /3. - Bouno’ury - @yer parameters for the model with
tupered permeability from O- to 1-percent chor~ CQ=
O.00/6; V.= /62 fps.
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.} Figure IZ - Lift and moment characteristics of the model with tapered
permeability from O-to I-percent chord and o 0. 2– chord split flap
def/ected 60~ ~= /33 fps.
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