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SUMMARY

An investigation of the effectiveness of suction
slots as a means of extending the laminar bouncdary layer

3 has been made in flight at high Reynolds numbers on an
NACA 35-21%5 airfoil. The test panel, haxinb a chord of

20l inches and an average span of 90 inches, was mounted
2 on the left wing of a Douolds 3-15 airplane prov1ded for
the tests by the Army Air Corps. The upper surface of

the test panel was provided at first with nine spanwise
8lots and later with eight additional slots, @all located
between 20 and 60 percent of the chord.

Tests were made with normal operation of the airplane
engines over a range of service indicated airspeed from
1,7 to 216 miles per hour, which cave & range of airplane
1ift coefficient from 0.41 to 0.10 and a corresponding

range of Reynolds number from 21.7 X lO6 to 30.8 x 10°.

vestisation have shown that with
filne slots ‘spaced about 5 per ent of the chord the laminar
boundary layer on the upper surface could be maintained,
by withdrawing air from the boundarv leyer, 'to or sY¥ightly
beyonfq 45 percent of the chord, or just a“out to the
minimum-pressure  point, over a rance of airplane 1lift
coefficient from 0.19 to about 0.35 with the oorreqoondldg

range of Reynolds number from 30.8 X 10b toa s X lOO
Comparlson with the results obua ned frem -tests of the
unslotted airfoil indicated that laminar flow at L5 percent
of the chord represented an increase, attributable to the
gffect of slots, of at least 5 percent Of the chord at ‘a

The results of the in £
c




1ift coefficient of 0.21 and a Reynolds number of

7
29.5 x 10° and at least 12,5 percent of the chord at a
1ift coefficient of 0.27 and a Reynolds number of

26.5 x 106, The corresponding reductions in the
external profile-drag coefficlent of the upper surface
appeared to be 0,00031 and 0.00065, respectively. These
effects were obtained with an expenditure of blower power
(blower efficiency assumed equal to propeller efficiency)
equivalent to & profile-drag coefficient of 0.00008.

In the tests with the slot spacing reduced to about

2% percent of the chord, the maximum extent of the laminar

layer was not definitely determined; however, it was
apparently less for all test conditlons than with either
the 9-slot arrangement or no slots,

INTRODUCTION

The results of investigations associated with the
program of the Netional Advisory Committee for Aeronautics
for the development of low-drag airfoils have indicated
that it might be possible, by means of boundary-leyer
control, to extend the laminar boundary layer beyond the
point at which transition normally occurs on this type of
airfoil at high Reynolds numbers and thereby further to
reduce the profille drag.

Results of a flight Investigation of suctlon slots
as a neans of extending the laminar boundary layer are
presented hereiln. The tests were made with an
NACA 35-215 airfoil section built into a test panel and

mounted on the wing of a Douglas B-18 airplane. This
test panel is hereinafter designated the NACA 35-215 test
panel. The tests covered an approximate range of

Reynolds number from 21 X 106 oy HL X 106. The inves-

tigation of boundary-layer control by means of suction
slots in the NACA two~-dimensional low-turbulience tunnel
is briefly reviewed in the appendlx.

The Douglas B-18 airplane was made available for the
tests by the Army Alr Corps. The flight tests of this
investigation were made early in 19lL1.



SYMBOLS

free-stream total pressure, pounds per square foot
local static pressure, pounds per square foot

free-stream dynamic pressure, pounds- per sguare
foot

pressure coefficient g}HO - p)/qoj
airplane 11ft coefficiefp

chord of test panel

kinematic viscosity

density of undisturbed air

airspeed, mph <‘1-h67
Reynolds number (1.467Vc/v)

deflection of curvature gage having legs spaced
i percent of chord

distance along chord from leading edge
distance along surface from leading edge

velocity inside boundary layer at distance y above
surfece s.. 3

velocity in boundary layer at 0.006 inch above
surface

velocity outside boundary layer

et

(0]

area of test panel, square f

total pressure on intake side of blower, pounds
per squars foot

volume rate of flow through slot n, cubic feet
per second




) tota]l volume rete of flow for ‘Tirst flve slots

-

Za Q%y
Czn volu me coefficient of rate ofailr intake for slot n
\éq ;()

C% volume coefficient of total rate of air intake for
2)
first five slots /’ e

(3

Aey reduction due to slots In external profile-dreg
o coefficient of upper surfece of test penel

cq profile-drag coefficient equivalent to powsr
By required to discharge &t free-streem total
pressure air W1thrawn from laminer boundary

: Hy
]
layer CJ—P
© 9

Ahp change in engine horsepower due to slots
np propeller efficlency

™ blower efficlency

31 slot number (slot 1 nearest leading edge)

APPARATUS
Airplane and Test Panel

the Douglas B-18 airplesne used for the tes i -
was a tvin-qulne midwinge monoplane with a wing area of
958.6 square feet end a de sign cross weirht of
25,680 pounds. The airplane wes powercd with Urfcht
Cyclone R-1820-1i5 encines (810 hp &t a'aﬂ rpm and 3700 ft)
fitted with three-blaede precpe llers havin- a diamster of
11 feet, 6 inches. £ Dblower e at 10,000 cubic feet
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per minute and 3/l inch of mercury and an 85-horsepower
Ford engine were installed in the bomb vay of the airplane
as part of the induction system for boundary-layer control.

A test panel having the NACA 35-215 airfoil section
(table I and fig. 2) was mounted on the left wing of the
airplane. The chord of the panel was 20l inches and the
span tapered from 120 inches at the leading edge to
60 inches at the trailinc edge. The panel was con-
structed of laminated white pine in the form of a hollow
shell with walls about 2 inches thick; the outside
profile was accurately shaped to a templet.

The panel was supported on the wing by rubber pads
running along the top and the bottom of the wing spars
and was restrained chordwise and spanwise by means of
steel straps, A number of wooden dowel pins extending
from the panel shell on the upper surface, through over-
size holes in the wing, and into the shell on the lower
surface were used to insure maintenance of the correct
panel profile. This method of mounting the test panel
permitted the airplane wing to bend without deforming
the panel. The panel was so located that the inboard
end of the leading edge was about 1 foot outboard of the
propeller disk, the leading and trailing edges were
normal to the plane of symmetry of the eirplane, and the
plane of the chord lines coincided with the plane of the
chord lines of the wing. The panel was faired into the
wing by means of fabric stretched taut over wooden frame-
work., The weight of the panel and fairing was
139!, pounds; satisfactory lateral balance for all condi-
tions of flight was obtained by removing all fuel from
the left wing tanks and adding 350 pounds of ballast in
the right wing tip. Figure 1 shows the test panel
mounted on the airplane wing; the dimensions and location
of the panel are given in figure 2.

Suetlion Slots

After boundary-layer and profile-drag tests of the
plain penel were completed, boundary-layer suction slots
were fitted to the upper surface at varicus chordwise
stations. Nine spanwise slots were at first installed
between x/c = 0,20 and x/c = 0.60; the slot spacings
were about 5 percent of the chord. (See table II.)
Eight additional slots were later installed, one between
each of the previously installed slots (figs. 3, L(a),
and L (b)).




The outlet orifices of the slots, which were l-inch
holes drilled abhout . inch apart in the wooden panél

(fig. l(c)), opened into fabric ducts that had Venturl
tube outlets in a wooden manifold. A round metal duct
was used to connect the manifold with the blower in the
bomb bay and was eqQuipped with a total-pressure tube
located at the center of the end next to the blower to
permit a measure of the total pressure ahead of the
blower relative to free-stream total pressure, The
grouping of the slots and ducts is shown in flgure ().

The Venturil tubes were equipped with butterfly
valves, manually controlled from the cabin, to regulate
the flow of air through individual slots or groups of
two ‘'or three slots This arrangement used in conjunction
with a throttle control on the OlOWbP engine permitted
control of the distribution of the rate of intake among
the various slots as well as control of the total-intake
rate, Static-pressure orifices leccated in each of the
fabric ducts and in the Venturi tubes were used to
measure the flow of air through the slots. The static
pressure in the fabric ducts was ecsentially total
pressure inasmuch as the velocity in the fabric duct was
negligible in comperison with the velocity through the
Venturi tubes.

gurface Finish

After installation of the first nine slots, all
irregularities in the upper surface were removed by
filling and/or sanding and several coats of lacquer-base
paint were applied; a final smooth finish was obtained
bv carefully rubbing the surface parallel to the chord
with No. 320 carborundum paper. The resulting surface
condition is indicated in figure 5 by & plot of the
surface-waviness index d/c, determined from measurements
with a curvature gage of the uJD@ shown in figure 6,
against distance along the surface as & fraction of the
chord s/c. Comparison of the surface of the slotted
panel with the surface of the unslotted panel having
minimum waviness (fig. 7) indicates a sllight improvement.
It was found, however, that during the tests the meta
adapters 1ncorporating the slots were ralsed or lower@d
relative to the surface, apparently JcCchbg of humidity
and temperature changes, with the result that fredjuent
sanding and/or filling were necessary.to remove the

requltlng Surfeee di continu ties. The surface condition
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of the panel having 17 slots was comparable with that of
the panel having 9 slots over the vegion containing the
slots; however, near the leading edge chordwise crecke
that couvld not be kept smooth and unbroken began to
appear.

Boundary-lLayer Reacks

The cheracteristics of the boundary layer were
determined by means of either five-tube or two-tube racks.
Each of the five-tube racks consisted of a static-pressure
tube and four total-pressure tubes arranged to measure
the statlc pressure just outside the boundary layer and
the total pressure close to the surface and at various
distances above the surface within the boundary layer;
these racks were used to determine the velocity profile
of the boundary layer. In cases for which it was
desired to determine only the position of transition,
the two-tube racks, each consisting of & static-pressure
tube located just outside the boundary layer and a total-
pressure tube located close to the surface, were used.

All pressures were measured by means of a %0-cell NACA
miltiple recording manometer.

TESTS

Boundary-layer measurements were mede on the upper
surface of the test panel over a range of service indi-
cated airspeed from 147 to 216 miles per hour, for which
the corresponding range of airplane 1ift coefficient

was 0.41 to Q.19 and of Reynolds number was 21.7 X 10°

EER50.0 x 10", A1l tests were mede with the airpl
engines opereting et or near full throttle. The s
in excess of the top speed of the airplane for leve
flight were attained in shallow dives.

The tests covered veriations in the distribution of
the rate of air intake among the vsrious slots and in the
total intake through all the slots. The inteke distri-
bution generally was adjusted on the ground by means of
the butterfly valves in the Venturi tubes to approximate
one of three arbitrary conditions: uniformly increasing
rate of intake from the foremost to the rearmost slot,
equal intake through all the slots, or uniformly
decreasing intake from the foremost to the rearmost slot.

@




During flight, control of the rate of flow through the
slots waes confined in mcst cases to the control obtained
by varying the throttle setting of the blower engine.

with this procedure, however, the slot-intake distri-
butions in flight, although very nearly the same for
highest intake rates as those obtained on the ground,
varied pensiderably with intake rate, owing to the
influence of the varying external pressure over the panel
surface (fig. 8Y In 8 test at a given eirspeed and
slot-intake distribution, the air-intake rate was ad justed
initially to a high or low vealue. After steady condi-
tions were attained, meessurements were made. The eir-
intake rate was then successively changed (decreased or
increased depending on whether the rate wes initlally

high or low) to a new valueg and esach time esllowed to
becoms steady before moagurements were mad

@

Boundary-layer messurements with the 9-slot arrange-
ment were made with five-tube racks at the following
locations: x/c = 0.45, 12 inches outboard of the panel
center line; x/c = 0.li95, on ths center line; and xc = 0535,
12 inches inboard of the center line. For the tests of
the panel with 17 slots, a rack wes located slightly
behind each group of slots having & common outlet duct.
The locations were as follows: two-tube rack at
x/c = 0.2l;, 36 inches outboard of the center line; two-
tube rack at x/c = 0.3%, 2l inches outboard; five-tube
rack at x/c = 0.41, 13 inches cutboard; five-tube rack
at x/¢c = 0.4,95, 3 inches outboard; five-tube rack at
x/c = 0.55, 6 inches inboard; and rive-tube rack at
x/c = 0.59, 16 inches inboard. (See fig. 3.)

{

RESULTS AWD DISCITSSION

The results of the flight inwvestication of boundary-
layer control on the NACA 35-215 test penel with nine
suction slots are summarized in fipgure 9. The plots
include the chordwlse distribution of the coefflicient of
the rate of air intake Cdn’ the veriation of boundary-
layer velocity close to the surface wuy/U with the
coefficient of total rate of intake through the first
five slots C_,, boundary-layer velccity profiles, and
the variation with Cy of the profile-drag coefficient
equivalent to the power required to discharge at free-
stream total pressure the air withdrawn from the boundary
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layer Cdo ’ The data for & given value of CQ at-a

i8]
given rflight condition are correlated by use of the same
symbol, The arrows or: the plot of ul/U against C&
indicate the order in which the test points were obtained.
Inasmuch as x/c¢c = 0.,5 was the rearmcst station at
which positive effects due to the slots were observed,
only the boundary-layer characteristics at this station
and the flow through the five slots forward of this
station are considered in figure 9.

It was found that the air-intake distributions for
the highest total-intake rates conformed fairly closely
to the nominal distributions for which the controls were
set on the ground, For the lower inteke retes, however,
the distribution was considersbly affected by the chord-
wise pressure variation over the panel surface; that is,
the lower external pressurés at the reerward slots '
(approaching the minimum-pressure point) caused a reduc-
tion in the rate of flow throuzgh these slots relative to
the rate through the feorward slois.

The cheracter of the houndary layer at x/c = 0.45
corresponding to the various slot~flow conditions is
defined in figure 9 by the magnitude of the ratic uy/U,
where wu; was measured 0.006 inch from the surface
(values of the order of 0.2 indicete laminar flow and
values of the order of 0.l. indicate turbulent flow), and
by the boundary-layer profiles, With a value of C,
as low as 5,0 X 10'5, laminar flow was maintained to at
least x/¢ = 0.[5 over a range of airplane 1ift coef-
fitient Trom " 0.19 to 0,35 and 4 covrespon?ing'range of

Reynolds number from %0.8 x 10° to 23 x 10°. In order
to obtain these results, it was apparently necessary that
the coefficient of the inteke rate should he at least

sy x 107> through slot .1 and should thence decrease to
almost zero at slot 5 just forward of x/c = 0.,L5.
Further reduction in the throttle setting to the point
where the flow through slot 5 reversed (indicated by
negative values of Cy in fig. 9) resulted in a fairiy

n
abrupt transition to turbulent flow.

Increesing the -total-intake rate above-the minimum
value required to sustain laminar flow to x/c = 0.45

had no apparent beneficial.effect on the extent of the

laminar layer but appreciably reducéd the thickness of
Y PI o
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the boundary layer, as indicated by the velocity profiles
of figure 9. For the intake distributions which gave
laminar flow at x/c = 0.5 - that is, with the intake
rate approximately the same for all slots or decreasing
from the forward to the rearward slots - there was a
fairlv definite upper 1limit to the permissible intake
rate. Yhen the coefflclen+ of the rate of flow through

slot 1 exceeded about 3.5 X% 10 5, transition to turbulent
flow cccurred, apparently regardless of the flight con-
dition. Wltr the infaye rete increasing toward the
rearward slots the boundary layer was fullv turbulent

at x/c = 0.45 for all the flight conditions tested.

The laminar boundary layer apparently never extended much
beyond x/c = 0.45 for any of the test conditions, as in
all cases the measurements at x/c = 0.495 Pevealed fully
developed turbulent flow. The position of transition
apoearcd to move forward wi th Incraasing 111t coefflcient,
as is indicated at x/c = 0.45 by the fully laminar
boundery leyer at lift coefficients of about 0.19 to 0.23
(fizs. 9(a), 9(c), 9(d), and 9(e)), by the transitional
character of the boundary layer at 1lift coefficients of
about 0.26 to 0.35 (figs. O(f‘) and 2(g)) and by the
turbulent boundary layer at & 1lift coefficient of about
Qeli T N LT 001 Y.

It 1s pointed out that, although the test-panel
surface with the slots installed was initially smooth,
during the course of the investigation the metal sbr"ou
containing the slots were almost continually being ra ised
or lowersd from thelr flush position in the panel surface,
aprarently because of variations in temperature and hu-
midity, which caused abrupt discontinuities of as much
as 0,00l inch in depth. Inasmuch as these changes
occurred to some extent during practically every flilght,
it is nossible that the test results were somewhat
affected thereby. Some such effect is indicated in
fisures 9(a) and 9(b), which pnresent the results for the
first and third runs, respectively, Ol one flight.
Laminar flow was obtained at x/¢c = 0.5 during the
first run (fig. 9(a)); whereas throughout the third run
(fig. 9(b)), made under ostensibly the same conditions,
the flow was turbulent &t the same stetion.

The regults of tesgts ol the panel without slobts for
nearly the same surface (fig. 7) and engine operating
conditions as for the tests with slots showed that the
position of transition on the upper surface varied from
X/’% = 0.40 to x/c = 0.325 as the airplane 1lift
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coefficient varied from about 0.21.te .0.27. Over this
same range of lift coefficient, tpansitien or laminer
flow wes obtained at x/c = 0.445 by the use of suction
slots. The suction slots conseqQuently appear to have
increased the extent of the laminar boundary layer by at

leest 0.05¢c at CI = 0,21 and R"='29.8 X lO6 and by at

lesst 0.125¢ at éL = 0,27 and R = 26.5 x 10°; the gain

apparently inereased as the 1lift coefficient was increased,
That this gein is not due to a difference in Reynolds
number between the two series of tests may be seen in
figure 10, in which the flight econditlions for the present
tests are shown to be practically the seme as for the

tests of the panel without slots.

The net reduction in profile-drag coefficient
obtained with suction slots lHas been determined from the
measurements of boundary-layer characteristics and chord-
wise pressure distribution on the upper surface of the
test panel with and without slots and from the measure-
ments of volume of air withdrawn from the boundary layer
and the measurements of total pressure ahead of the
blower referenced to free-stream total pressure. The
profile-drag coefficients of the upper surface of the
test penel with and without slots were computed by the
method of reference 1, which involves the use of the
measured chordwise pressure distribution, the measured
position of transition, and the measured velocity pro-
files of the laminar boundary layer at the position of
transition.

The results of the computations indicated reductions
in the external profile-drag coefficient of the upper
SEpfece, due to the slots, of the eorder of 0400071,
0.000l;2, and 0.00065 at zirplane 1ift coefficients of
gbout 0.21, 0.25, and 0,27, respectivelry, These reduc-
tions in external profile-drag coefficient were obtained
8t a cost represented by the profile-drag coefficient

cg = B3 a,

which is equivalent to the power reguired to discharge
at free-stream total pressure the eir withdrawn from the
laminar boundary layer. From figure 9 it may be seen
that the value of cdo at which transition at

b
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x/c = 0.5 may be obtained is, in general, of the order
of 0.00008; the net reductions in the profile-drag
coefficients of the upper surface at airplane 1lift
coefficients of about 0.21, 0.25, and 0.27 are therefore
0.0002%, 0,0003, and 0.00057, or 9, 12, and 19 percent,
respectively. The net reductions thus determined may
be ohtained with a blower efficiency equal to the air-
plane vropeller efficiency, as may he seen fromithe
following considerations of change 1n engine horsepower:

SpdoV (2%d “doy,
Ay (T =
550 Tip b
ir L = T}p,
S.q.V
D0
Ahip % e <hcd - tg
5.70'113. O Qb>
where Acg - ¢4 is the net reduction in profile-drag
e} o
b

cosfficient as determined by the method described in the
preceding paragraph.

In the tests with the slot spacing reduced to about
0.025¢c, the maximum extent of the laminar layer was not
definitelv determined; however, 1t wes apparently less
for all test conditions than with sither the 9-slot
arrangement or no slots. There is & possibility that
the results with the 17-slot arrengement were adversely
affected to some extent by several smell chordwise cracks
near the leading ed~e of the panel which did nct appear
during the tests of the 9-slot arrangement.

CONCLUSI ONS

The results of the flight investigation of suction
slots on the upper surface of the UACA 35-215 airfoll
showed that, with a slot spacing cf about 5 percent of
the chord, the laminar boundary lagyer could e maintained
to or slightly beyond L5 percent of the chord, or just
about to the minimum-pressure point, cver & range of air-
plane 1lift coefficient from 0.1%9 to about 0.35 with a
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corresponding range of Reynolds number from 30.8 x 106

VA4
2% % 10°, Comparison with the results obtalned from
tests of the unslotted airfoil indicated that laminar
flow 2t hS percent of the chord represented an ilncrease,
attributable to the effect of slots, of at least 5 percent
of the chord at a 1ift coefficient of 0.21 and a Reynolds

number of - 29,5 X 106 and at least 12,5 percent of the
chord at a 1ift coefficient of 0.27 and a Reynolds number

g " '26,5 % 106. The corresponding reductions In the
external profile-drag coefficient of the upper surface
appeared to be 0.00031 and 0.00065, respectively. These
effects were obtained with an expenditure of blower power
(blower efficiency assumed equal to propeller efficiency)
eéquivalent to a profile-drag coefficient of 0.00008.

In the tests with the slot spacing reduced to about

2% percent of the chord, the maximum extent of the laminar

layer was not definitely determined; however, it was
apparently less for all test conditions than with either
the 9-slot arrangement or no slots.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va.




APPENDIX
TE3TS OF SLOTS FOR CONTROL OF LAIITNAR BCUNDARY LAYER

IN NACA TWO-DIMENSIOVAL LOW-TURBULLNCE TUNNEL

\1

In early tests in the NACA two-dimensional
low-turhulence tunnel (gee reference 2) it was ob-
servsd that, at high Reynolds numbers, the minimum drag
coefficient of low-drag sections increased with Reynolds
nurber end that this increase was always connected with
a corresponding decresse in the extent of the laminar
boundary layer. There were some indicetions that
transition tended to occur at a fixed vealue of the
boundary-layer Reynolds number.

In order to reduce the thickness of the laminsar
layer and thereby to decrease the boundery-leyer Reynolds
number end to increase the extent of the laminer regilon,
a wind- Lunapl investication was mede of the effect of
suctlor slots on the leminar layer end of the possibil

f delaying tlanoxu-01 by the use of such slots. Tes
were run to determine suil le slot shepes and d;mausio
and to determine whether extent of the laminar region
could be increased.

Y

ct b
ot

The investization was carried out in the NACA two-
dimensional low-turbulence tunnel. This tunnel has a

i db S S
sectlon 5 feet wide and 7= feet high and is designed to

test models in two-dimensional flow. Lt the time these
tests were made (193%39) the turbulence level of the tunnel,
although extremely low, was high enough to cause premature
transition when COMD&PFd with results of flight tests.

The turbtulence level of the tunnel has since been consid-

erably reduced.

Several types of slot w:re tested to find one thet
showed satisfactory characteristics over a fairly wide
range of operating conditions. Figure 11 shows the
slots investigated. The operation of the slots was
che c“ai by boundery-layer surveys and drag messurements.

Slot A was tested with values of the height *h

varyinz from 1/16 to 1/6lL inch. Although laminar flow
could bo maintained with this tyne of 370t the flow rate
and power required were large. In aidlulon, control was

uncertain at high tunnel speeds.
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Slot B was tested with the diameter d of the holes
varying from 0.025 to 0,05 inch, The holes in the two
rows were staprcered and spaced 1/8 ineh. A layer of
60-mesh screening over the slot wes also tried. In =11
cases either transition occurred immediately at the slot
or control was extremely critical to flow rate and
airspeed.

The most successful type tested was slot C. The
width w was varied from 1/16 to 1/6ly inch, and the
radii r eand r, were varied from zero to a length
equil to the width of the slot. The tests showed that
slots wider than 1/32 inch were appsrently too large a
fraction of the boundary-layer thickness because the
laminar flow broke down at the slot for flow rates out-

slde 2 falrly narrow range. Slots of %?inch width or
less showed satisfactory operating characteristics over
a wide range of flow prate. The pressure drop through
the slot was considerably greater for the éﬁ-inch width

than for the —%minch width. Variations in the radii r,

and r, showed little effect, It was felt, however,

that more stable operation would result if r, were zero
and r, were approximately equal to the width of the

3 . )
lot. The s = inch wide having r, = 0 and =
S T lot > inc d ng 1 ry 32
inch was therefore chosen for further investigation.

Tests were made in the YACA two-dimensional low-
turbulence tunnel with & series of slots having
w=r, =1/22 inch and ry; = 0 in & favorable pressure

gradient and in an adverse gradient to determine whether
the region of laminar flow could be extended. For the
favorable gredient, it was found that lawminar flow could
be maintained over & length corresponding to a Reynolds
number higher than 10 x 108 with a series of six slots
whereas transition occurred on the same model at a

length corresponding to a Reynolds number of approximetely

5 x 10 without the slots. There were indicgtions that
the extent of the laminar region was limited at the point

corresponding to a Reynolds number of 10 x 10° because
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of ‘the spread ofisburbulence |from thegwallssof the tunnel
and not ‘becanse of any disturbance due to the slots.
Investigation in an adverse pressure gradient showed that
laminar eparatlon conld ‘be |delayed by the-use of:slots.

Beceuse the speed of the B-18 alvnlane is approxi-
mately twice the speed at which the wind-tunnel investi-
gation was carried out, the boundary-layer ’Mjc ness for
the sams boundary- layer Reynoldsg number is only one~hslf
as large as that ohserved in the tunnel. mue dimensions
used in the flight investigation were consequently one-
half those tested in the VACA two-dinensional low-
turbulence tunnel: that is, w was l/éh inch and

B¢
and r, were zero,
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LOCATION OF SLOTS ON UPPLR SURFACE
OF NACA 35-215 T.u3T PANEL -
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Figure 1.- The NACA 35-215 test panel mounted on wing of Douglas
E-18 airplane.
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Figure 3.- The NACA 35-215 test panel with 17-slot arrangement.
Boundary-layer racks shown-attached with tape surface.
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Figure 8.- Pressure distributicn on upper surface of NACA 35-215 test
panel., Cp = 0.24; V = 229 mph., Vertical lines indicate lo-
cation of suction slots for 9-slot arrangement.
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NACA Fig. 10
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Figure 10.- Comparison of flight conditions for wnich transition

from laminer to turbulent flow was cbtained at several
chordwise positions on the NuChA 35-215 test panel without slots
with those for which laminar flow was obtained at 45 percent chord
on the panel with slots,.
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