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SUMMARY

A preliminery investigation was made in the Langley two—dimensional
low—turbulence tunnel on an NACA 64A010 airfoil with permeable surfaces
to obtaln an indication of the stabilizing effect of area suctlon on the
laminar boundasry layer. Boundary-layer veloclty proflles were measured

at Reynolds numbers of 2.0 X 106, b0 x 106, and 6.0 x 10® and at verious
chordwise stations for wvaluss of the flow coefficient up to 0.012.

Although the surfaces of the alrfoll model that was tested had many
waves and lrregulisrities of contour, the data corroborated qualitatively
the theoretlcally predicted stabllizing effect of gsrea suction on g smooth
flat plate. The suction quantlity required for the wevy alrfoll tested,
however, was much greater than the theoretical value for a smooth flat
plate.

INTRODUCTION

The stabllity theory for the iIncompresesible laminar boundsery layer
is based on theoretical analyses of the damping or amplification of
mathematically amsll two—dimenaional serodynamically possible disturbances
i1 the boundary leyer (reference 1). A possible definition in the
physical sense of a small disturbance is that a small disturbance does
not produce transition from laminar to turbulent fiow at its origin in
contrast with a large disturbance, which does cause immediate transition.
Small disturbances may either amplify, as they progress downstresm and
eventually grow large enough to cause turbulence, or they may be damped
and cause no change In the downstream flow; if small disturbences of all
frequencies tend to be damped rather then amplified, the laminsr boundary
layer 1s considered stable (reference 2).

Theorstical investigations have been made of the characteristics of
flows past a flat plate through which there is a small normal veloclty,
end, in eddition, the staebility theory has besn used to calculate the
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stability of the laminary boundary layer for this type of flow. ZExamples
of some of thils theoretlical work can be found in references 3 to 7 and in
British work (not generally available). The results of these analyses
indicate that a small normel velocity into the surface at all points

along the surface has a large stabilizing effect on the laminar layer.
Inasmuch gs there appear to be no data that show thls effect experimentally,
an investigation of the effect of area suction on the boundary-—-layer
stabllity 1s belng made in the Langley low~turbulence tunnels.

Thls paper presents the results of a few exploratory tests of a
rather crude alrfoll model made to show whether the lamlnar layer could
be extended by me of area syction. The tegts were made at Reynolds
numbers of 2.0 x 10°, 4.0 x 10°, and 6.0 x 10°.

SYMBOLS AND COEFFICIENTS

The symbols and coefficlents used in the presentation of results
are defined as follows:

%y gection angle of attack

c airfoll chord

b alrfoll span

x distance along chord from leading edge of airfoil
y distance normal to surface of alrfoll

Po free—gtream mase density

Uo free—stream velocity

Qg free—stream dynamic pressure (%poUo€>

U local veloclity at outer edge of boundary lsyer
u local velocity 1nside boundary layer

Q total quentity flow through airfoll surfaces
Cq flow coefficlent <5;§ii)

H fres~gtream total pressure
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P local static pressure
) Ho - P
S alrfoll pressure coefficient (—Q-C-l-—)
o
R free—stream Reynolds number based on alrfoil chord

MODEL

A photograph of the 6~foot~chord by 3—foot~spen model mounted in ths
Langley two—dimensionel low—=turbulence tumnel is presented ss figure 1.
A sketch of the model construction is shown in figure 2. The model was
formed to the NACA 64LAOL0 profile, ordinates for which are presented in
reference 8, and consisted of a framswork of plywood ribs and stiffeners
gpaced 3 inches apart. The frame was covered wilth a layer of coarse
wire screen, which in turn was covered with two layers of 6O-mesh screen.
A continuous sheet of blotting paper was used as the porous alrfoll sur—
face. The poroslity of the blotting paper was such that, with air at
approximately standard denslty, an applied suction of 2 pounds per sgusre
inch induced a velocity of 1.0 foot per second through the paper. The
flow quantity through the paper varled directly wlth the pressure drop,
as is cheracteristic of dense filters.

The blotting paper was palinted with lacquer at the model leading
edge and bent to contour whille wet in an aittempt to prevent the creases
that were expected to form st the leading edge. Largse flat spots and
creages, however, dld occur, and exampies of the resulting nose contour
are shown in figure 3. The porosity of the blotting paper was substan—
tiglly unaffected by the dried lacquer. In addition to the basic contour
inaccuracies, the surface became slightly dimpled because of the sinking
of the blottlng paper and the fine screen intc the mesh of the hesavy
screen by an amount which varied wlth the suction applied.

APPARATUS AND TESTS

The model was tested in the Langley two—dimensionsl locw—turbulence
tunnel and completely spenned the test section as shown in figure 1. A
detalled description of this tunnel is glven in reference 3. Flow
measurenments were made by means of an orifice plate in the suetion duct.
The suctlion flow was taken through one of the model end plates and was
regulated by varying the blowsr speed and the orifice dlsmster.

A conventional multitube total—pressure "mouse" (reference 10) was
used to obtaln the.boundary—leyer messurements. The alrfoll pressure
distribution was obtained from a static—pressure tube on the boundary—
layer mouse. At each station, the total— and static-pressure tubes were
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bent approximately to the airfoll contour. Boundary—layer measurements

were made at Reynolds numbers of 2.0 x 106 and 4.0 x 106 for flow
coefficients up to 0.012 snd also at a Reynolds number of 6.0 x lO6 for
flow coefficients up to 0,008. The measursments were made at a apanwise
gtation approximately 2 inches from the model center line. (Ses fig. 1.)
All tests were made at 0° angle of attack,

RESULTS AND DISCUSSION

A typlcal variation of measured pressure coefficientas with chordwise
position is presented in figure 4 and clearly indicates the wavy nature
of the airfoll surface. No significant changes 1n pregsure coefficlisnt
were obtalned with changes in the values of Reynolds number or flow
coefficient., The boundary-layer velocity profiles, which are presented
in figure 5, are shown plotted with §U’R_as abgnlssa in order to present

the lamlnar profiles in a form similer to previocusly reported laminar
proflies. The boundary-leyer profiles cannot be conasldered quantitative
because the mouse tube helghts changed with flexure of the blotting paper
as the suction was variled.

Boundary-layer surveys for flow coefflcients approaching zero (not
presented) indicated that the transition from laminar to turbulent flow
occurred forward of 6—percent chord for all Reynolds numbers tested.
With a flow coefficient of 0.008, transition still occurred ahead of
the 0.09c station at a Reynolds number of 6.0 X 106 as can be seen from
figure 5(a) where the velocity profile appears to be turbulent in
character. With a flow coefficient of 0.008, transition ocourred
between 0.09¢c and 0.12c at a Reynolds number of 4,0 X 106 as indicated
by a comparison of figure 5(a) with 5(b) where the velocity profile
appears to be laminar in character at 0.09c¢c and turbulent at 0.12¢;
movement of the transition point slightly beyond O.12c requilred a flow
coefficient of 0.012 (fig. 5(b)). At a Reynolds number of 2,0 x 10
(r1g. 5{(c)), a flow coefficient of between 0.002 and 0.00L wae sufficient
+to maintain laminar flow to 0.39c¢c, which is about the normal transition
position on a smooth and fair NACA 64A010 airfoil at the same Reynolds
number. An increase in the value of (g to 0.008 moved the point of
transition back to at least 0.48c at a Reynolds number of 2.0 x 106 as
can be seen from figure 5(d).

The stability theory (reference 7) indicates that with constant area
suction, a flow coefficient of 0.00024k 1s neceasary to maintain stable
leminer boundary layers on both sides of a flat plate. The flow
coeffliclients required to maintain laminar flow over the blotting paper
airfoil were much greater than the value indicated by the theory. It
must be realized that the stabllity theory ls based upon the assumption
of small disturbances and a conastant pressure along ths surfaces. The
numerous irregularitles on the blotting paper ailrfoil cannot be considered
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gmall and the wavy pressure distribution is not simllar to that used for
the flat-plate caiculations. Inasmuch as the present preliminary tests
do Indlcate, howsver, that area suction has a stabilizing effect on ths
laminar boundary layer even in the presence of falrly large dlsturbancsa,
it sesms worth while to determine the degree to which area suction is
gtabilizing in the presence of varying degrees of dlsturbances and at
large values of the Reynolds number.

CONCLUDING REMARKS

The results of preliminary tests of an NACA 64A010 airfoil with area
suction of the boundary—laysr alr indicated that ares suction has a
gtebilizing effect on the laminar boundary layer in the presence of sur—
face waves and irregularitles, at least for the lowsr range of Reynolds
numbers investigated.. The suction quantities requlired to maintain a
leminar layer on this wavy surface were very much greatsr than the
quantity predlcted from the theory for small disturbances for a smooth
flat plate. The results emphasize the necegslty for obtaining quantita—
tive measuremenis on a model of stiffer surface construction 1n order
to determine the degree to which area suction 1s stebilizing in the
pregence of varylng degrees of disturbances and at large values of the
Reynolds number.

Langley Memorilsl Aeronautical Leboratory
National Advisory,Comnlttee for Aeronautics
Langley Field, Va.
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Figure 1.~ Photograph showing boundary-layer mouse on the NACA 64A010 airfoil with permeable
surfaces in the Langley two-dimensional low~turbulence tunnel,
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Figure 2.~ MNethod used in construction of the NAGA 6LA010 airfoil with permeable surfaces. ©
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Flgure 3.~ Leadlng-edge contour of the NACA 6lLACL0 eirfoll with permeable surfaces.
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Figure lj.~ Presaure distribution for the NACA &4A010 airfoll with permechls surfaces :

R = 2.0 x 106, Cq = 0:008, oy = 0%
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Figure 5.~ Boun =layer surveys at varlous stations from leading edge of the
NaCA 6L,A020 airfoll with permeable surfaces; dag = 0°
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Pigure 5.~ Continued.
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