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Wh’D TUNNEL TESTS ON AIRFOIL BOUNDARY LAYER CONTROL
i USING A BACKWARD-OPENING SLOT
j

By MILLABD J. BMUBER

SUMMARY

This repoqi presents the results of an inmxiigaiion io
determine the effeci of boundary layer cordrol on ihe lifi
and drag of an airfm”l. Boundary layer conirol uw
accomplished by meun8 of a backward-opening slot in ihe
upper 8urface of ihe hollow airfoil. Air was caused io
$OWthrough ihia tdoiby a pressure which w maintained
iw”de ihe airjod by a blouw. 77ariwe 810ilocaiiona,810i
openings, and w“ng pre8mw8 were used. l’lu ieeis tome
conducied in the 6-fooi atmo8phem”cm“nd vunnel of zhe
Lirngley Memorial Aeronautical Laboraio~.

The guuntiiy of air $owing ihrough ihe doi per unii
fime was meawred and is preeenied in co.qj%ieni form.
.4 coefitieni is deriwd from which the power required io

mainiain ihe ak $OWihrough the tdoimay be computed.
2%eeJect of each oariable is dbu8iraied by characiwieiic

wrres. A discu$eion kdicaii~ the adtwntagee which
might be possible by ihe application of boundiwy layer
conirol io an airplttu h included.

A discussion of ihe w“ous force8 produced on ihe air-
fat”tby this type of boundary laye~ conirol and ihet”r
reaulianis h giren in Appendix I.

~Tn&r ihe ~e8i~ondiiiow, ~hem~”mum 1~~~efieni
was increawd aboui 96 per centfor one sloi arrangement,
and zhe minimum dug coefiieni uws decremred about
27 per ceni for anoiher, both being compared m-ih ihe
results obiained m“ihthe wn.doiiedairfoil. Iih belieced
from ihe results of this inredigaiion thui ilu aboce effecis
may be increaeed by ihe use of Lwger sloi openi~s, beiier
dot locatione, ?ndtip~e 810k?,impro-ced airfod profle~,
and iraihg edge$ap8.

INTRODUCTION

The efficiency of airph.nes could be materially im-
prond if the flow of air around the wings and other
parts could be made to approximate more cIoseIy that
of an inviscid fluid. If this couId be accomplished
then, according to the Kutta-Joukowski theory, the
lift would continue to increase up to about 90° singleof
attack and the proiile drag wouId remain small.

Consider an airfoiI with a sharp trailing edge and of
intbite span as being moved through an invimid fluid
at rest. The fluid would receive an acceleration over
the forward part of the airfoil and a deceleration over

the rearward part. In order for the fluid to come to
rest at the trding edge, aU the kinetic energy ab-
sorbed by the fluid whiIe being accelerated is required
to overcome the pressure gradient during the decelera-
tion.

I& the case of air, a viscous fluid, kinetic energy is
lost by friction between the layers of air moving at dif.
ferent velocities near the surface of the airfoiL Owing
to this 10ss the remaining kinetic energy is Iess than
that required to overcome the pressure gradient, and
oonsequent,ly at the trailing edge the air doea Rot come
to rest ‘but has a wJooity component in the direction -””
of the wing motion. Thus a layer of air, termed the
“boundary layer, “ is dragged along by the surface of
the airfoil, and the force requkd to maintain this
layer is expressed in terms of what is known as prcdile
drag. This layer is also the ohief cause of the faihwe
of the lift to increase continuously with the angle of
attack up to the theoretical maximum for an inviscid
fluid.

The effect of the boundary layer on the lift and
proiile drag of an airfoil varies with the angIe of
attack. At small angIes the proiile drag is small, but
it inoreases with the angle as a region of turbulent
air, which extends forward from the trailing edge,
develops on the upper surface. A further increase in
the angle of attack is accompanied by a rapid increase
in the size of the turbulent region as the angle of
maximum lift is approached, and for this reason the
lift no longer increases with the angle and the prdle
drag becomes large. If this region of retarded and
turbuIent air were kept as smell at large angles of
attack as it is at small angks, it might be expected
that the Iift would continue to incre~se with the angle
and the profile drMUwould remain small. It follows
from the above statements that an air flow approach-
ing that of an invisoid fluid could be maintained if
the boundary Iayer could be reduced by adding ene~
to it, or if it could be removed as fast as it is formed.

Previous investigations have shown that the bound-
ary layer can be controlkd by the above methods.
Energy has been added to it by means of jets and by
movable surfaces. The jet for adding the energy has
been furnished by an auxiliary airfoiI near the leading
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edge of the wing (references 1, 2, and 3), by a nozzle
held in front of the airfoil so as to discharge air rear-
ward over the upper surface (Reference 4), and by
backward-opening slots in the upper surface of the air-
foiI (references 5, 6, 7, 8, and 9). Rotating cylinders
have also been used to form a portion of the airfoil
surface near the leading edge, thus accelerating, or at
least preventing retardation of, the air flow with
respect to this part of the surface, (References 10
and 11.) Removal of the boundary layer has been
accomplished by sucking it into the airfoil through
slots or perforations in the upper surface. (Refer-
ences 4, 6, 7, 9, 12, 13, 14, and 15.)

In the present investigation, which was conducted
in the 5-foot atmospheric wind tunnel at the Langley
Memorial Aeronautical Laboratory, the boundary
layer was controlled by the action of air flowing through
a backward-opening dot in the upper surface of the

FIQUEE1,—N.A. C. A. S4-Mprmlleshowingslotlocatiom
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airfoil. A preliminary report of this investigation has
been made. (Reference 16.) These expe;mente in-
cluded not only the acceleration of the boundary layer
by pressure but also its removal by suction. The slot
was adjustable in size of opening, as well as in location
along the chord, This type of slot was chosen from
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preciously tested

!

(ro$ercnce 9),’ be-
cause when not in use it had th~ least ddrin&tul
effect~pon the aerodynamic chtiracteri;tics of the nir-
foil. The tests were made with the ~,odel mounted
between two end plates which were sufficiently large
to give practically 2-dimensional flow. ~

MODELS AND APPARATUSI

The airfoil used in the tests had the; N. A. C. A.
84-M profile, Figure 1, the ordinates “~f which are
given _k Table I. The upper surface profile was prac-
tically an arc of a circle, thus aUowing tl{e part of tho
arc containing the slot to be used in various positions
without appreciably modifying the profllel The airfoil
chord was 15 inches and the span was 25)4 inches.
This size of chord was used to facilitate the cm~struc-
tion of the relativsly small parta comprising the slot.

A wiew of the model with part of the ujqmr surface
removed and the slot-installed at 53.9 per cent of the
chord is shown in Figure 2. The airfoil was made hol-
low to prov~de for the passage of air to or from the slot.
The upper surface \vasmade up of a nun?bor of mahog-
any s@ips, thre+fourths inch wide, sc that arty three
could be replaced by the dot assembly. These strips,
together. with the” laminated mahogany leading nnd
trailing. edges and an aluminum lower surface plate,
were attached by screws h four stee~ribs. The ribs
had their centraI portions cut away tu aIlow for the
free passage of the &r.

ThO details of the slot- cor.uhuct~ou are shown in
Figure 3, The front and rear brass sections were - ~
fastened rigidly to the steel rk by machine screws.
The cqgter and rear sections vrerc conmxted by spring
steel wl+ch formed the upper surface of the airfoil at
this pIace. The slot opening was varied by the fuur
adjusting screws which passed through the center
mctioq_agd into thg ~bs. The thy levers which
were attached b the center section were used to hold “--”
the spring steel to the desired curvature. The S1Ot
opeti”g was easily adjustable to within + 0.003 inch at
any point.

The airfoil was mounted in the tunnel between cir-
cular disks as shown in Figures 4 and 5. This type of
installation was chosen because it permitted the use of,
the Iarge chord airfoil, and bgcaum it was particularly
adapted to the transfer of air to or from the airfoil
without affecting the measurement of the lift and drag
forces.
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The airfoiI was mounted on a verticil tube which 3. Hot location 32.5 per oent of chord from ~. E.
passed through the airfoil parallel to the span. The (4.88 in.).
lift and drag forces were measured at the upper end 4. Slot location 53.9 per cent of ohord from L. E.
of the tube; the Iower end was supported on a pivot. (8.09 in.).
The air duct was led in to the open end of the holIow 5. Slot location 72.6 per oent of chord from L. E.
airfoil through the mercury seal. (10.90 in.).

The air duct was connected to an electrically-driven For each sIot Iocation four openinga of slot were
Roots type blower. The pressure maintained inside tested:
the airfoiI was measured by means of an alcohol 1. Slot opening 0.167 per cent of chord (0.025 in.).
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manometer, which was connected to a perforated tube, i .2. Slot opening 0.333 per cent of ohord (0.050 in.).
3. S1ot opening 0.500 per cent of chord (0.075 in.).
4. Slot opening 0.6t17per cent of chord (0.100 in.).

which extended the full span inside th~ airfoil For a ~
pressure reference, the other aide of the manometer !
was connected b a st.atioplate located on the tunneI ;
wa~ just ahead of the model position. The quantity
of air per unit time flowing to or from the airfoiI was
measured by the pressure difference acro~ a sharp
edge orifice meter, whioh was instalIed in the air duct
between the blower and the airfoil

TESTS

Calibration tests were first made ta align the ap-
paratus with respect to the air stream of the tunnel
and to determine the velocity distribution in the test
section and the drag of the end plates which were at-
tached to the emdaof the airfoil.

The airfoiI tests were divided imto fi~e main groups:
1. No Slot.

Fmw 3.—D@um of8djustabIaslot

For each dot Iocation and opening, tests were made
2. S1ot looation 13.1 per cent of chord from L. E.

(1.97 in.).
at ‘{wing pressures” of —6, —2, O, 1, 2, 6, and 12

times dynamic prassure (q). “Wiim pressure” eigni.

—
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442 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

FIOUP.X4.-.4ifOilil mounted in tmd

iies the average pressure inside the airfoil measured I
with respect to the static pressure of the tunnel test
section. For each slot location, opening, and wing
pressure, rneasurements~oflift, drag, and slot air quan-
tity were made at angles of attack of – 6, 0, 6, 9, 12,
15, 18, 21, 24, 27, and 30 degrees.

The dynamic pressurewas held constant at 4.06 lbs.
per sq, ft. during the tests. This corresponds h an
average air speed of about 40 m. p. h., and an average
Reynolds Number of about 445,000.

The first few tests were repeated to insure the accu-
racy of the results and to determine the probable errora
of the various measurements.

RESULTS

The data in absolute mefficicmt form are given in
Tables II to XVIII and a sufEcient number of speci-
men curves are presented in Figures 6 to 26 to indicate
the effect of changes in slot location, slot position, and

wing prcssum on certain aerodynamic characlaristioa
and in the value of certain criteria.

The lift and drag values were reduced to absolute
coefficients by the relation

O.=$

and

where g=% PW (dynamic pressuxo),

S’= area of the airfoil,

L= measured lift,

D =measured drag.

The measured drag has been corrected for the drag of
the end disks, as mentioned abovo. These data have
not bean corrected for the effect of changes in tho air
flow due to the partial blocking of tho tunnel &t
section by the airfoil. --



.
W(XO TuNNEL TESTS ON AIRFOIL BOTETO.4EYLATER CONTROL

‘“wi”x”L-L’ff.i..

.
*

To mmcmefer.. /

II
II ‘ \\ ‘

Is II \

U h Wofer . ..1

“-seal!ii#owW”
Toblower

Frwm! 6.-Appm’atusussdforknmdaryIsyercontrol

The quantity of air flowing through the slot per
unit tie was calculated in absolute coefficient form
as fouows : ,

where Q= quantity of air per unit time, I
S= area of the wing,

1’= veloaty of flight (tunnel air speed).

The power required to maintain the air flow through
the slot is a function of the air quautity per unit time
and the wing pressure. Since this power (P.) must
be included in the tahd power required to propeI the
airplane, it is convenient to express it in terms of an
equivalent drag coeflioient (Cm), which maybe added
directly to the measured drag coefitient (C..). ‘Ilk
coefficient is defined as folIows:

I

443

and P= wing pressure, i. e., mean static pres-
sure inside the airfoil measured with
respect to the static pressure of the
tund testsection.

Now letting ~= G$, which is an absolute
wing pressure,

:8= c.and since —

coefhient of

then Cm= CF CQ,which is a more convenient ex-
pression.

Cm, as computed above, is repmentative oily of
the power required to maintain the flow of sir through
the aIot, and does not include the 10SSCSin the blower
and duct. The actuaI supply system losses occurrimg
in these testa are of no interest, and consequently no
efforts were made to produce m effioient blower end
duct arrangement. However, these supply losses are
important in studying various poesib~epractical appli-
cations of airfoil boundarg layer oontrol.

—

—
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The probable errom in the measured results have
been determined on the basis of check tests and an
analysis of the bahnce deflections. Lift, drag, and
slot air quantity were in general accuxate to within
&3 per cent, and wing pressure to within + 2 per cent.
The measured dynamic pressure was held constant to
within * 1 per cent. The mean mgIe of attack error
due to balance deflections was about + 1 per cent, as
measured from the angle of zero lift, which could be
set to within +0. 1°.

DISCUSSION

Control of the boundary layer by means of air
flowing in to or out of the airfoil through slots in the

COMNITTEE FOR AERONAUTICS —

A. EFFECT ON AIRFOIL AERODYNAMIC CHARACTERISTICS

From the large amount of data obtnined in this
investigation, selections have bwm made to show tlm
general. manner in which the aerodynamic chacter-
istics of this airfoil vary with slot-location, slot opening,
and wing pressure. First, the effects cmlift and on the.
effective drag coefficient (CD+ C..} am discussed
(figs. 6 to 8-B), and later the changas in C., C~, and
(?Qare studied individually (figs. 9 to 13). In general,
the maximum changw were obtained with the dot
Iocated .td 53.9 per cent of the chord, with a slot open-
ing of 0..667 per cent of the chord, and with a wing
pressure of Cp= 12. For this reason each serbs of
curves was chosen to include this condition.

3.0 II 111111111111 I I I I 1 1. I 1 I 1A !1 l,’ I I In I I p

I I
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sulf ace introduces certain effects, which in a practical
case would appreciably modify the fo rcea as measured
on the airfoil in this investigation. An understanding
of these effects and of the effects of improved flow is
essential to the interpretation of the results, and an
explanation is given in Appendix I. While the expla-
nation is by no means complete, it will serve to show
the nature of the more imporhmt of these effects.

The discussion of airfoil boundary layer control iE
divided into four parts:

A. EfTecton airfoil aerodynmnic characteristics.
B. Effect on certain important aerodpmmic criteria

of an airfoil.
C. Possible practical appli tion to the airplane,
D. Suggestions for future resemch.

,—-

Fi~es 6 to 8–B give the curves of lift and eflcctive
drag against angle of attack for changes in one of the
above variables, and for comparison t.hacurves for the
unslotted airfoil and the calculated thcwetical curves
are included. The theoretical lift curve was calculated
from the ralation given k. Reference 17, the wle Of

zero lift being obtained from Munk’s integrals (Refer-
ence 18).

The changes in CL obtained with the various slot
locations were comparatively small. (Figure 6.) How-
ever, the best slot location depends upon the anglo of
attack, and a slight advantage was obtained with the
slot new the trailing edge for small angles, near the
midchard point for maximum lift, and near the Ieading
edge for anghx above maximum lift. Tho lift incremcs
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with the sIot “opening (fig. 7) and with wing pressure
(fig. 8-A). A$Smight be expected, these increases are
fairly regular, since the energy added or the quantity
of air remov~ from the boundary layer depends upon
the slot ope@ng and wing pressure. Boundary layer
control decrtims the angle of attack for zero lift, and
in generfd iu&r3asesthe augIe of masimum lift.

At the snd aq#Es of attack and Iow wing pressures,
as indicated in F~re 8–A, -whenCP= O and 1, the lift
coefficient, as compared to that for the phin airfoil, is
reduced, while at the Iarger angles it is increased.

BOUNDARY 1.A,4YER CONTROL 445

The effect of changing the angle of attack and wing -—
pressureon the measured drag coefficient, (G,) is shown
in Figure 9 for one slot location and opening. This

---- —

combination gives the mtwinmm decrease in measured
...-.—

..-
drag obtained within the limits of t~s ~vestigation” .,, _
The other sIot Iocations and slot openings &e the -—
sme general type of curves. The incre~ed drag ——
when CF is negative and the decreased and negative ,_
drag when CPis positive are due to the reaction of the ——
air being accelerated as it flows in or out through the -.. ..—
sIot. This reaction is exphined and is iduded ti ..._..—

.
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This reversal is due to the effect of the comparative
velocities of the air flowing over the sIot and that flow-
ing from it. The veIocity of the air from the sIot is
about constant for all anglesof attack, and the velocity
of the air flowing over the slot is less at the higher
angles of attack. The ‘boundary layer is increased and
lift decreased by the addition of the slow moving
air at smaU anglesl while at large ang~esthe added
air has a higher veIooity which accelerates the bound-
ary layer and increases the Iift. The increase in Cfi
at the large angIes of attack, with no air flow through
the dot, may be due to the change in profile or to the
slot retarding the air flowing forward over the upper
surface.

equations (1) and (2) of Appendix I. Comparatively
smalI changes in the drag are also produced by the
improved air flow over the airfoiI and by the presence
of the slot.

Figures 10 and 11 show the change in the equivalent
drag caeflicient (C&Jand the aIotair quantity coefficient
(CQ)against wing prmsure (C..) for one slot location and .==
aII sIot openings. The vmiation in CQ and C’ with ,_
angle of attack is small, and – 6° and 15° a~es of
attack were chosen because in general they gave
the maxhn~ and minimum value9 for a given slot _
location. The differences between these masimum and
minimum values with tingle of attack are greater for
slots located nearer to the Ieading edge than those —



446

.

‘.

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
I

I

\

i

I

-P -4” -2° O“ 2“ # 6“ 8“ /0” /? /# /6° /8” zoo 22” 2P 2F M 3,7”
Angle of otfock, u

FIGUEES-A.-ERwt of winguremureonlift. Slotat 684w centof chordfromL. E., slotopen0.667w centC#chad

.

●

hgte of utfcck, & I
FIau’uEE-B,-Effwt of wtngprwuuoondrag. Motat 8s,9w ant chordfromL, E,, dot OIXJU0.007~ cantdmrd



TVIND TUNNEL TESTS ON AIRFOIL BOUNB&tY LAYER CONTROL 447

‘hewn in Fw.yres 10 snd 1L These curves may be
represented by equations in which

CQ=K Ss (c.– cPJ~

and Cm=K Ss G (Cr C#

where CF is the due of CPOwhen CQ is zero, and is due
to the 10CSIstatic pressure on the upper surface of the
airfoiI at the dot, 5’sis the area of the slot opening, and
K is determined by experiment. The numerical value
of K and the algebraic sign of (CP—CJ change with a
change in direction of the air flow through the slot,

C!!
FmuEx9.—Effedct ti ~ OnM$aweddre.g. slotat Ni.9p3rcent

of chord from L. E. Sloto- R647B d chord. Cnm. Cr

with the dot location and opening, an’d only slightly
with the sngle of attack. The relationship between
Cm and CQwith changes in sIot location snd opening
is shown in Figure 12, for a= —6° and CP=l; ,and in
F@re 13, for a= 15” and Cp= 12. Aswill be explained
later, Figure 12 represents the best rendition for high
speed and F~e 13 for Iow speed of an airplane with
boundary layer control. These changes me due to the
changes in pressure at the slot and in the air flow over
it for each sIot location. The relationship between

C= and CQin Figures 12 and 13 maybe seen from tha ._
above expressions for these two quantities.

For the conditions represented by Figures 6, 7, aud ‘—
8-B, the Iarge values of (CD+ C’m) me due chiefly to
Cm, as shown in Figure 10. In Fi=we 8-B the lsrge

—.

! Ram. 10.–ClrsJJ&h CDS dus to wuioi slot O@~ and wbr~ -.
Slotat53.9wmntclrordfrom L.E.

diRerences in (C=+ Cm) for the same vaIues of + C.
snd – Cp are due to the magnitude and direction of
the reaction produced by the air flowing in or out
through the slot. The reactions are exphined in equa-
tiomi (11) and (13) of Appendix I. When CP=O there is
a alight reduction in (CD+ C=) since Cm= 0, and there

/

i

i
I

1

I

1
-6 -4 -2 0 2 4 6 8 10 12

Cp
I Elm IL-ohanm in COdue b mrh9 slot O- and W@ -H

Slotat M9wcentchord fromL.E.

~ is a jet reaction produced by the smd.1quantity of air
flowing out through the sIot. (See fig. 11.)

IB. ZFFECT OX CEBTAIN IMPORTANT AERODYNAMIC CEITERr
OF AN b3EFOIL

I There are certain airfoil aerodynamic fictma which
form important criteria by which the effects of the
various combinations of slot locations, sIot openings,
and wing pressures may be compared. A criterion for
wing area and stalling speed is CL ~mtim, for high
speed CD mt,;m=m,and a @ure of merit for over-all

.—.-

. .—

..—

.
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CL ?nazf.umeffectiveness is given by ~ ● The general
D miaimtm

manner in which the criteria vary with the various
slot conditions is indicated in Figures 14 to 25.

F~t-es 14 to 19 give the percentage increase in
CL~W~~UMas compared to the unslotted airfoil for the
various combinations of slot locations, slot openings,

FIGURE 12.-CbanKe in CM and CO with vfulooE sIot oping9
and slotIocatlons. a- -6°. C’p-l

and w@ pressures. The dot location at 53.9 per cent
of the chord from the leading edge, gave the maximum
increase in C. timwm (figs, 14 and 15), although a
slot located as far forward as 25 per cent and as far
back as 60 per cent of the chord would appear to give
neady as good results. The percentage increase in
CL ~timum with slot opening and wing pressure is
shown in F~es 16 to 19. The dashed part of the
curves in Fiies 18 and 19 represents estimated
values. Within the limits of this investigation, the
above figures indicate that a further increase in
CL wm~~ could be obtained with larger slot openings or
higher wing pressures, or both. Howeverj there is a
decrease in the rate at which CL wm=m increases with
the slot opening and wing pressure.

In order h compare the drag of the unslotted airfoil
with that of the airfoiI with boundary layer control,
the power required to deliver air to the slots must be
taken into account. As explained before, this power
can be computed from Cm which is directly compara-
ble with CD. Hence, for the undotted airfoil CD, and
for the airfoil with boundary layer control, CD+ Cm
are on a fair basis for comparison. The profile drag

COWUTTllE FOR AERONAUTICS

coefficient for high speed is not materially different
from G ~t.fn.~. At least; similar airfoils wiIl main-
tain about the same difference through~mt this range
of small lift coefficients. Therefore, a ~~mparison of
CD mi,i~,~ and (CD+ am) ~i,;~g~ wiu inchcate the rela-
tive merits for high speed of the airfoil with boun-
dary layer control as compared with the unslotted
airfoil.

The manner in which (CD+ C~.J at a:= – 6° varies ‘
with w-@ prqwiue is shown in Figurea 20 and 21, and
the minimum values lie between CP= O and Cp= 2,
dependii upon the sIot opening and slot location,
Since, in general, the minimum values were obtained
at a=~6°, this angle was chosen tu roprescnt the
minimum drag coefficient for all eIot conditions. The .—
minimum values for each slot opening and slot location
were taken from the test datn and wore plotted in
terms of percentage variation from the minimum drag
of the unalotted airfoil against slot opening and slot
location in Figures 22 and 23. These figures indicate
that the minimum drag would cxmtinuo to decrease as
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the dot is moved back along the chord or as tho slot
opening is increased.

Since CL~~mgmrepresents the low speed condition
~d (CD+ CDS) minimum the high speed condition,

CL maz[mumthe larger the value of the rdio ~C~~ am) ~f~f=x~

the greater the speed range possible. and the bettw
the airfoil for general purposes. This critmion is
practically independent of aspectratio. The percentage
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CL &mz=change in
(CD+ G) =i.im.m

= compared with that

obtained for the unslotted airfoil is plotted against
‘ dot location and wing pressure in Figures 24 and 25.

FmuEz 14.—hMmvasoIll nwdmltml Uft due to tb dOtat~OUS
katfons and openhKs. CP-l!2

In the abo~e ratios, in e&y case the due of CL~mum
was obtained with the highest wing pressure used (I2
times the dynamic pressure); for the condition of
(G+ Cm) ~~ti~~ the wing pressurewas approximately

FIGUEE16.-In0lws3 In nmxhmn lift dne bavarfouswfng ~
S13?3Sand dot ItiiOrS. Sbt OWlfJIS(M67w Cd ChOi+

above ratio was obtained with the widest sIot locat%d
at 53.9 per cent of the chord from the leading edge.

C.POSSIBLEPEACllCALAPPIJCA~IONTOTHEAIEPM%

It is recognized that the application of boundary
layer ccmtrol to an airpkme presente severaI practical
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FKmFm 16.—hxwse h m!dumm lift
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location% CP=IZ

problems, such as provision of a reliable source of _.
power for the blower and development of the blower .._
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equal to the dynamic pressure. The values of
(G+ Cm) w~~~~ were obtained from the faired curves
in Figures 22 and 23. The maximum increase in the

due to F7dOUSdotOQOOh@ti W@
I passorw. slot at E&npercwlt chord

I
ffom L. E.

and air ducts. These problems will not be discussed
in this report. However, it is interesting to oonsider
some of the advantagw which appear possible from the
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results of this investigation. To show these advan-
tages, a comparison wll be made between an airphme
with and without boundary layer control.

To form s fair basis of comparison, in each case, the
total weight of the airplane (including the weight of
air ducts and blowers) and also the motive power are
considered constant; the efficiency of the air ducts and
blower is assumed the same ~ that of the propeller;
and the parasite drag ooeflicient is constant. Also, it
is assumed that the air whjch flows out through the
slot has been accelerated up to the velocity of flight
by the engine, Yueelage, or other parts of the airplane.
That is, a condition corresponding more nearly to
those under which the tests were made would be

60

I ~~-. _-
50 ‘

L

‘W
[

.:
e=

$
.

!?,.
~m
~

~

K 10

0 .02 .04 .Q5 .08 Jo
@

FIGURE2&-Parc8ntage Inwfasa Inspwd ranm with slot at 6S.9per @ant
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realized by taking the air into the wing from burbled
regions about the airphme, or the exhaust gases may
be used. It is also important to understand the
relation between the engine power required to drive
the propeller (~J and that for the blower (F!J which
is given by the equations:

and P.=w’~
m

where q~ is the efficiency of the propeller and q, is
the efficiency of the duct and blower systems. If
q= q~= q,, as is assumed above: then, if the engine
drives the blower as WSUas the propeller, the total
power required is given by the relation

Sincethe speed range of an airplane is an indication
of its aerodynamic efficiency, it is possible to indicate-

the effectiveness of boundaty layer controI by tho
ratio of the approximate speed &nge ratios for the
unslotted and slotted wing of the same area. The
above ratio is given by the following equation:

where ..the subscripts p and s reprcsont the unslotted
wing agd the wing with boundary layer control, rcspec-
tively, V’ and VHrepresent the low and high speed for
the particular condition. CD’ is represcntative of tho
parasite drag of the airpla.ne which, in each case, is
given by ~ p S’ V CD’, where S is the aron of the plain
wing. The induced drag of the airphumis not included
in the above equation because it depends upon the
actual speed range and aspect ratio of the particular
airplane, which are of no particular importance in this
discussion.

An example of the numericaI values of the abovo
ratio is shown plottad ~wainstCD’ in ~igure 26. The
lift and drag coefficients for this example were ttiken
for the same condition which grtve the ma..imutn

CL nMrinw=_-increase in the ratio
(CD + &9) mf,l!aum

(See fis. 24 and 25.)
The maximum value of the ratio of speed nmgo

ratios possible with the same wing mea and within tho
Emits of this investigation is shown on the curves
where CD’ is zero. This value may be increased by the
use of higher wing pressuresand/or largm slot oponings.

Another feature of boundary layer cnntroI is that it ,
appears possible to improve the lateral control of air-
planes as compared with that obt aid with tho con-
ventional ailerons. Since the lift increases with the
wing pressure (@. 8-A) a rolling momont about tho
longitudinal axis may be produced by increasing the
wing pressure on the outer portion of ono wing and
decreasing it on the other. Also, since for a given
value of CP the difference between Lift coeffkients
obtained with air flo~ through the slot and with no
flow increases with the angle of attack up to and slight-
ly above the stall, good lateral control apparently
could he obtained at low flying speeds. The conven-
tional @erons may give a yawing moment due ta the
ditTerencein dragon the wings which, if not baIanced –
by the rudder, may ako produce a rolling moment
opposiiig that-of the airlerons. These moments arc of.
import~ce only in staUed fright where the yawing
rnomenb and the rolling moments due to sidcdip
becomq-largej and where, due to the low air speed, the
effecthness of the rudder is reduced. With bou&l-
ary layer control the drag could be reduced (fig. 9)
so that the yawing moment would be very small, or it
might be made to act in the direction to aid the rolling
moment, In this case, if the air which flows out
through the sIot-is taken into the wing in the pkme of

*
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symmetry, the values for the measured drag cofioient
may be taken directly from the data.

bother interesting feature, which is indicated by
the results of this investigation, is the possibility of
jet propukion by utilking the propulsive force pro-
duced by h ~flowing out of a baokward-opening slot.
To accomplish this, the negative measured drag as
determined from these tests must be made ecpd to
or greater than the sum of the rnduced and parasite

. drags of the airpbme, in order to obtain level flight or
acceleration and climb. Owing to the large quantity
of air required, it would have to be replenished from
the undisturbed atmosphere and in accordance with
the development of equation (17), Appendix I, the
value of C. given in the data and in Figure 9 would be
increased by 2(70and thevake of C.., diminished by Ca.
However, t-heefficiency of jet proptilon, asobtained by
this method of boundary layer control, cau never be
very higg unless the supply of h which flows out
through the slot is carried aIong in the airplane and
the velocity of flight is very much higher than is
obtained at present. This is due to the fact that the
efficiency of a jet for propulsion is a m~~ when the
-relocity of discharge is equal to the velocl~ of motionj
and in order that the mass of air which -would be
carried eking in the airpkme would not be excessive,
the discharge velooity necessarily would be very high.

The redte obtained on a model in a wind tunnel
are not always realized -when applied to a fu.U-soaIe
airphme. However, some of the causes of disorep-
anciea are Imowm and allowances, some of which are
indicated below, may be made ta bring the redts
‘into closer agreement.

In accordance with Reference 17, page 20, the
equivalent of hfhite aspect ratio should have been
obtained, since the model was tested in a olosed-
throat tunmd and it extmded entireIy across the

()
tunnel. (See &.4.) The slope of the lift curve, ~,

es obtained for the u.ndotted airfoil in three tests
(fig. 7) is about 0.106 as compared with 0.096, given
in Reference 19, for corrected wind-tund tests, and
with 0.1096, which is given by theary for an invieoid
fluid.

The soale effect on c= and CD is probably Imge
owing to the comparatively low Reynolds ?Numberof
445,000, and furthermore the effeck produced by
boundary Iayer control may change with the scale.
The scale eflect on CQ and Cm is comparable to that
for the flow of air through orifices.

D.SUGGESTIONSFOEFUTUREBK9EAECH

The amdysis of the present data presenta severa~
suggestions for extension of the tests. Some of these
teste had been phrmnedand W=C considered important

in this investigation, but were not made beoause of
the limited time available.

It is believed from these and former teats (Reference
9) that the beneficial effeote of boundary layer control
may be tire economicsly obtained by the following
methods:

1. Airfoils with high camber ratios or flaps would
probably give higher lift coefhienta for the same
expenditure of clot power than the airfoiI used in these
tests. A thick, high-oambered airfoil with a well-
rounded leading edge probably would give betterreeults
b the high-oambmed thin or medium thiok sections
(especially with regard to lower minimum drag).

2. Larger slot openinga would probably give higher
lift coefficients and Iovier drag coeflhiente for the same
expenditure of slot power thau were obtained in these
teds.

3. The best slot locations for inorea& the lift are
fairly well detemnined, but a slot located near= to the
trailing edge than auy of those tested in this investi-
gation would probably give a lower minimum drag.
Multiple slots with the air flowing in or out through
the slot, or both, would probably give the best results
(especially higher maximum lift coefficients).

Since, as mentioned-before, the redts obtained on
a model in a wind tunnel me not a.lwa realized when

zapplied to fulkoale airplanes, the so e effect, as well
as the effect of wrpect ratio, shotid be investigated
with boundary layar control.

~ONCLUSIONS

1. The maximum lift of an airfofi may be greatly
increased by remo~ the boundary layer or by accel-
erating it by jet action.

2. TTlthinthe limits of this invdgation and at any
given mgle of attack below maximum lift, the lift ._.
coticient increases with the quautity of sir flowing
through the dot per unit of time, i. e., with incre=es
in slot opening or wing pressure.

3. The lift coefficient apparently contimm to increase
with the quantity of air flowing out through the slot;
whiIe with the air ftowing in through the slot, the lift
ooefiioient appmentiy approaches, as a maximum, the
value obtained by theory for an inviscid fluid.

4. The drag coefficient of an airfoil, unde~ the condi-
tions of these t=ta, maybe appreciably decreased.

6. Jmproved IateraI control in stalled flight and
greater speed ranges of airplanes appear possible by
the use of this form of boundary layer control.
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APPENDIX I

STUDY OF THE FORCES INTRODUCED BY BOUNDARY

Control of the boundary layer, by means of air
flowing into or out of the airfoil through slots in the
surface, introduces certain effects, wtich, in a practical
case, would appreciably modify the forces as measured
on the airfoil in this investigation. The folIowing
explanation, which is by no means camplete, is given
to show the approximate nature of these effects, as
well as the effect of improved air flow.

To illustrate the principle by which the forces, due
to boundary layer control, are produced, assume a
hollow airfoil and a%uitable blower tide to maintain
the pressure &fferences so that airflows in one opening
in the surface and out another. It is assumed that
the volume of the air space inside the airfofl is large in
compmkon to the openings, so that the air vekwity
inside may be considered zero. If the airfoil be moved
in a straight line at a velocity (V), the air taken in
must be accelerated up to this velocity by an incre-
ment of velocity represented by API, and the process
produces a force on the &oil.

Now consider the forcee produced by the air flowing
out of the airfoil. If the air flows out in the form of
a jet, a reaction is produced on the airfoiI by the air
being accelerated by an increment of velocity (Azq).
Its force acfs aIong the axis of the jet tmd is
independent of the motion of the airfoil.

The expressions from which the above forces may
be computed are de%sd as foIlovm:

Force =mass X acceleration.

+m???
=&Avl = pQAvf

where RI= forca produced by the air flowing in through
the opening,

R,= force produced by the air flowing out
through the opening,

and pQ= ~ = mass of air which flows through the air-

foil per unit time,

reducing to coefficient form,

2QAV*
“T

since

then

LAYER CONTROL

Q= C.vs

(1}

and simiIarly c&=_2@2 (2}

1%=may be
ponents ACL1

and

where

aud

separated into the Iift and dr~m tom: . “—
and AC. r~pectively, by the relation:

AvJ’ = component of Avl in the lift

direction,

Avl’ =component of API in the dreg

direction.

If the air taken in is undisturbed by the flow around the
airfoil

Avl” = O
and . Avl’= V
and thus CR,= ACD1’
but if the air is taken in through a slot in the surface of

the airfoil, the value of the ratio ~ may vary from a

value greater thrm unity ta a small negative value,

depending upon the slot location and the character
of the air flow, end in this case, Cm may have the Lift ~
component.

h equation (2), AY2may be given any value depend-
ing upon the pressure maintained inside the. airfoil.
C&may be separated into the lift aud drag components
AC& and A(?m respectively, by the relation:

A~&=Bj cos (a+ 6)
and AC~=R* Sin (a+d)
where a= angle of attack, i. e., angle

between some reference line

on the airfoil and the direc-

tion of motion,

and 6= tmgje between the reference

Iine on the airfoil and the

axis of the jet.

Since in this investigation the slot opened nearly

tangent to the upper surfaoe of the airfoil, the jet
knded to folIow the surface, even when the airfoil
had no motion, and hence the angIe 6 fan onIy be
appnnimated. Certain special cases wdI be taken
up later, when o and (?Pwill be given detite values.

465
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Now consider the power required to maintain the

pressure inside the airfoil which caused the air to flow

through the opening in the airfoil. This power is ccm-
veniently represented by a coefficient Cm which has
been explained and derived under “Results,” and is
given by:

C*= CPC~. (3)

This relation is based on the condition that CP is
referred to the static pressure of the undisturbed air,
and it includes oily the pressure necessary to maintain
the air flow through the slot. If this air is replenished
from, or discharged ink, the atmosphere at a velocity
with respect to the airfoil, an additional pressure dif-
ference, represented by A CP, is required to accelerate
the air up to this velooity. The additional power
required to maintain A CP may be represented, as
above, by A Cm, which may be computed from the
following relation:

A (?B = A CPC~ (4)

The manner in yhich the air was furnished to or
oonducted from the airfofl during the tests gave the
same effect as though the air which flowed in or out
through the slot was carried along inside the airfoil at a
constant pressure. In the practical case, the air
would have h flow into the airfoil through an opening
and out through the slot or vice versa. If we now
consider the above condition aud separate all the
forces and equivalent force coefficients into their
respective parts, the resulting values of (CD+ Cm) and
CL,which will be represented by CD’ and CL’ may be
computed from the following relation:

where Cm and Ou are the coefficients of the forces
acting on the airfoil other than those due to the air
which flows through the dot.

Equations (5) and (6) are general for the air flowing
through the slot in either direction.

The above equations for air flow in through the
slot reduce to:.

c.’wc.~2cQ ‘~ cos(a+ O) + CDS + ACPCQ, (7)

and CL’= CZ+2QQ~Sin(CY+O), (8)

and for air flow out through the slot, they --4-” -- ‘-”L“GULWUW ;

(9)

(lo)

Improved flow will be considered as: any change in
the air flow around the airfoil which will result in an
increase in CL, or a decreme in .C~, or both. The
action of the boundary layer in decreasing the lift and
in increasing the protie drag, as oompnred with that
which would be obtained with an invi@d fluid, has
been e~lained in the introduction, IIo~~ever, a bet tor
understanding of the manner in which the air flowing

through the slot improves the flow is ~cntial to the

interpretation of the restdts. Consider, first, that-the

air floti out of the slot as a jet. If this jet adds
more energy to the boundmy layer than is required
to ove.icome the effect of viscosity, the air flowing
over the upper surface of the airfoil will be given a
higher velocity than would exisb in an inviacid fluid.
Since the flow of air around airfoils maybe cagsidercd
as a superimposed translation and cirmdation, and
since the lift is proportional to the circulation, it migh~
be expected that a lift greater than the theoretical
could b% obtained. Now contidcr the air flowing in
through the slot. If the air of the boundary layer is
remo~ed as fast as it is formed, thcu &o flow about
the airfoil should give about the smne lift as would
be expected from an inviscid fluid. If more air is
removed through the slot than is formed in tha bound-
ary layer, very small additional increases in lift, if
any, ccndd be expected, since the air flows from all
directions to enter the slot; therefore them could
be only a small resulting increue in velocity over the
upper surface of the airfoil.

The profile drag of an airfcii.1is the result of skin
friction, together with a resultant force duo to tlm
pressug distribution on the airfoil, caused by the
change in flow of the air about the airfoiI from that–
which would exist in an inviscid fluid. Since the effect
of bouhdary layer control is to increfise the velocity
along the surface, the profile drag due to skin friction
would be expected to increase. However, the rwdtant
pressuredue to the change in flow would be expected to
reduce the profile drag. For these reasons, the profile
drag cc@Lnot be expected to be reduced appreciably
for small values of the lift coefficient, even though the
flow wtie considerably improved. No tests were made
in this investigation to determine the individual effects
mentiohixl above. However, it is believed that a fair
approximation of the increase in lift and decrease in
profile drag may be obtained by the proper a&mp-
tiona and .uae of equations (5) and (6) mentioned
above. In theee equations, Cm and Cu are the coeffi-
cients which would be obtained by the improved flow,
and the relation from which they may be computod is:

(11)

(12)



for the air flowing in through the slot, end

c~=c.–2c* $ 00s (a+%) (13)

C4=C.–2CQ+ sin (0+6) (14)

for the air flowirqgout through the slot.
To ihstrate the above principles, as apphd to the

test data, the following examplm are given. First
consider changes in CD, I&j and & wtich may
result from discharging or replenishing the air inside

the airfoil to or from the outside atmosphere. By a
suitable arrangement for discharging the air rearwsrd
from the airfoil into the atmosphere at a velocity equsl
to the vblocity of motion, equations (7) and (8) reduce
to:

CD’= (CD- 2CQ)+ (cm+ C*)
‘C.o+Cm-C~ (15)

snd c,,’ = CL (16)

Since by the above arrangement.

~= ACP=l,

and a+tl= 180°
Then: Cos (rf+e)= –1
and Sin (a+O)=O

If 6 has a constant value, the angle of attack (cc)may
be changed several degrees without introducing an
appreciable error in the results obtained from equations
(15) and (16).
Also by making

(a+ O)=90°

then CD’=C.+G3+CQ

and c,,’ = 0=+2(70.

However, from the standpoint of efficiency, it would be
better to reduce CD’ than ta obtain the comparatively
small increase in CL.

Now consider that an air intake for replenishing the
air in the airfoiIopens in the’direction of motion. Then
equations (9) and (10) will reduce to:

c.’ = (C.+2C*) + (’CAS–47*)
=C.+CM+C* (17)

and CL’= c.. (18)

since by the above mrangement

A# = v

Av;’=o

ACP=– I

These ohangea are impertantin the practical applica-
tion of the data, and Figure 27 is given as an exmnple

.w30C-3~

to show the dMerence between the correuted and

uncorrected data.
The changw in CD due b the improved air flow

about the airfoil could be computed by equations (11)

and (13), if API’ in (11) and (a+ 8) in (13) were hewn.

The factors 2Ca’~~ ~d 2Ca ‘~ ccs (a+d) are both

hwge when compared to C., and special tests would
have to be made to determine these vahes.

The changes in CLdue to the improved flow maybe
computed from equations (12) and (14), since the

~ ~d 2Ca~ sin (~+d) are bothdues of 2CQb+ .

small as compared to CL,even though’$ = 1 and sin

,30

28

26

.24

.22

./2L

./0

.iw

.&

.—

I 1 I
.04

,.@

o
-6 $~ 02c46810f2

P Pressure

Fmcm 27.-0- h drag dna ta metkd OCsupp~ghgdr to or
arbnnatIngltkomlnkforoCwiug. SlotatlR9pxcnutohcdhm
L.E., dot open0.067permntchord

.—

.
.—-
. .—

-.

-.. .

(~+ 8)= L Since, for values of CQand Cp of the same
magnitude as those used in this investigation and at
the small augles of attack, Avl” and sin (a+@ are both
small, we may let CL= C% without introducing an
appreciable error in the results. Figure 28 shows
that at smill mglea of attack there is very little
increase in lift obtained by increasing the vohnne of air
flowing in through the slot beyond a certain amount,
while with the air flowing out through the slot the
lift continues to increase with the volume. The
values for the theoretical Iift coefficients shown in

—
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Figure 28 were determined by the relation given in
Reference 17, the angla of zaro lift being obtained
from Murdds integrals. (Reference 18.)

Sucfim co Pressure
FIG7mEZS.-Ohan$eIn Ilft withohansOindot airquantity. Slotat639

w centohordfromL. E., slot ow 0.IY37parcentchord

SYMBOLS USED IN APPENDIX I

V= velocity of the airfofl through the air.

API= change in the veIocity of the air which is
taken into the airfoil.

Aul’= component of Aq in the drag direction.
Avl” = component of Afi in the lift direction.
.Ava=jet voloci~ of the sit: flowing out of the

airfoil.
R, =readon produced by air flowing into tho

airfoil.

R,= reaction produced by air flowing out of

the airfoil,
(?al= RI reduced to coefficicnL form,
0~ =Bt reduced to coefficient form.

ACDI= component of CRIin the drag direction.
AC~l= ccqnponent”of Cm in tho Iift direction.
dOm = component of CRZin the drag direction.
AC= = component of Cm in the lift ‘tiection.

p= pressure dMerenoO rnaintairmd inside of
the &foiI which inducm the air veloc-
ity in or out through the slot. I

AP = the additional pressurediilerence required
h replenish from, or dischargo inta the
atmosphere, at a vcdocity with respect
to the airfoil, tho air which flows in
or out through the slot.

ACP= AP reduced tmcoefficient form.
ACmE change in the coefficient Cm producod by

AC..
CD’= total drag coefficient.
C.’ = total lift coefficient.

CD, K&=coefficients of the forms acting on the
airfoil other than those due ~ the air

which flows through the slot,

LANGLEY MEMORIAL AERONAUTICAL LABORATORY,

NATIONAL ADVISORY COMMITTEE FOE AERONAUTICS,

LANGLEY fiELD, VA., November W, f9t30,
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*ABLE II.-N. A. C. A. &&M PROFILE; NO SLOTS; AVERAGE OF 5 TRIM

TABLE IH.—~. A. C: A. 8*M PROFILE; SLOT 13.1 PER CENT OF CHORD FROM LEADING EDGE; SLOT OPEN
0.167 PER CENT CHORD

-6 0

0.0s60
.0M2

12 24 27

—

-1-19 u

——
6

LM7
.M64

9 21 ml

L270
.0702

L 627
.0m4

:%!
.M40

O.ws
.0216

LCT6
.!wo

LS71
.I!i71
.Om
. ma
.m26

LS?.S
.m9

LI02
.CJM1

LB
.612Q
.0263
.M915
.00M

L125
.62m

L 229
.7M3

L241
.7770
.0263
.2023
.0M2

— —
L 687 L7!37
.0m2 ; &l&
.OzIa
. IMI .1264
.ma7 .Uu5

L4S4 L646
S& .I!a

. (!M2 :!!%

.m .M14

L2M L24.9
. H27 . Im2
.m~ .W16

L!Z2 LW2
.Iom .1422
.UE2 .M26
. l.lrl .1455
.M22 .ata

L= LWI
.12s

:%!
.Im2 :%
.aEa .au

L M
.e!m
.0266
.6m2
.Mi!2

0.moo
.Km
.U2i2
.IMM
.M46

LSOI
.(H22
.0242
.oi64
.m41

L7S0

:=
.2s17
.M27

aomo
.a7a8
.IlM2
.Omo
.0021

a 74m
.Ma4
.0m5
.M29
.W17

L24S
.0472
.0027
.M2!3
.W14

L~
.0029
.Cum
.msa
.Wlo

LS41
.19m
.mu
. 12a7
.MM

L627
.Zlm
. m18
.2516
.m

LI12
.MiO
.an4
.6074
.at17

LIM
.MaO

:%!
.0016

L260
.nm
.Iw%
.n23
. m14

S=*:

ao4iio
.owl
.mos

1162.&

.ml

a~
.om
.mal

:%%

L021
.am
. am

L(O6

%%
.0s24
.llma

L 172
.tsm
. mu

LIM
.mm
.M22
.(&a
.mm

L160
.0778

:%%
.W20

L2M
.Mm
.mu

L402
.1247
.mm
.14To
.mm

L S14
.2020
. (I)14

L S70
. mlo
.mn
.2s2
.mm

L lCS
.4wl
.Wls

LIM
.m
.mm
.m
.M21

LIM
.6120
.0012

L2M

:%%
untie

Pmssum
-1 G

C&

CBC%M:

a ono

:=
.0m2
.m16

L 185

:%%
.6140
.mm

L12S
.am
.ms4
.6114
.m27

L225
.74m
.mm
.7440
.m21

LMO
.7ao

:!&
.m27

t%
c.&

o
.Olm

:%
. m24

a 67ea
.0244
:$%
.ctm

L 012
.OMI
.mm
.0s42
.m2J

LI!M
.4931

Xg

1
L610 L@

.1074
:% .ma4

.Is72
.m4u . msl

——

~&l L 91E
.0762

.mm

.1446 :%

.0074 .mm

4-!?,

CDC%A:

a om
.M76

:E
.m47

a 0570
-. mn’

.M71

.mm

.M72

amm
. Olm
.0263
JM&

L 122
.02aa
.mll
.M42
.ma2

L W

:%%
.M20
.M32

L~
. 14m
.C@Jm
J&

L214
.4570
.Im4
.4!!4!4
.0047

L 140
.MUO
.0272
. 6KM
.00i6

L2M
.7210
.02s4
.7494
.m47

a,

Cllc%u2
a 72m
.Ca?7
A&4

.mm

L2M
.0194
.Cw6
.lIm
.0m8

L6M
.m46
.0244
.lzxl
.mia

21M0
lam
.Cw.5
.lml
.0076

209s
.1571
.raIa
.24s4
.007a

Lw

:$%.tim
.0072

L 117
.6570
.m27
.6407
.mio

L230
.6983
.0027
.7797
.M70

.—
.
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TABLE IV.—N. A. C. A. 84-M PROFILE; SLOT 13.1 PER CENT Ol?-cIIORD FROM LEADING EDGE; SLOT OPEN
0.333 PER CENT OHORD

atfltlo Qwzl am L 014 L 100 L%O 1.810 LW L8C4

mm & .0212 .0256 .04!2s .Cm7 . ma .1466
CQ

:&w? . 2s96
.a)lo .Wm .W27 .ooa .ml .0031 . (K02

a 1629 Ilswl L4!KI 1.‘m Zon 92M am %en

Fm#& ~D -. C%24 -.0274 -.0100 .wo . oa14 .CM
. 124)2

.0276 .0u4E

C3’$S ;*
.1248 . K&l . 12s2 . 1%% . 14s2

.Owa :% .EM4 .3611 .174 . .%!47 &JJ

.0101 .0104 .0104 .010s .0118 .0116

T
1-

L 110
.EU44I ‘:’&

1.918 L 170
.2am , mm
.02w .04a7
.!M33 . 6b17
.Wm .m

‘ I&

UtiC+bla ,
.
. *

L SE4 1.ME
.3M) .6wQ
.Oasl .am

L 671 ! LIU
.2840:.
.M47 , .

:5%1: B!

l.. \ L1OO
;:%

$

.01

. .&m

. .mm

I

%&
Unatabla .X!M

:%

L !MO
.7050

LX
.7650
.0416
.s)66
.m

L%
.7%23
.5369

:E

L=
.m
.ml

L !282
.llso
.oIa9
.7Za2
. Ix!&l

L269
.mo
.0474
.7184
.(W9

L 810
,6500
. lm

: Tw

— .—

*



TABLE V.—IT. A. C.~A. 84-M PROFILES; SLOT 13.1 PER CENT OF CHORD FROM LEADING EDGE; SLOT’ OPEN
0.500 PER CENT CHORD

:

21 24

L442 L162
.$%0 .&ml

-

L9M !iL~
lass .mso

.Oaao
:& .2740
.m57 .mm

T

LE# L&77
.22m .2am
.M12 . am
.= :%
.mm

La92 L4!H
.am

:E .(046

L6M L240
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i

.mm :%%

:%! :%

L873 LM4
.Ifrio AZ&
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.ZwA A3&
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2 WI

+

.am

.07u U&blo

. lno

. oI19

lKM
.Ils3
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.ols6

o 8

T
u la

L~ LllM
.Ia&I .Ia7a

LMO LMS
. moo . 14s6
.ma .0S4
.Isia . 17a9
.MJs .MM

47
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.6ZJJ
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L%
.8110

-6

LZt3 LMO
.W .om

a OZIO
.Om!

aazio
.0274

a nm
-m
.03m
:%%

a7140
.C@M
. lw7
.C@b3
.M24

L(B2
.0444

LX
.Oms

:$3!
.mL1

L242
.04a4

:!%
. m17

.
—..—.

a 0076
.m4a
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.0743
.mm

am49
.02ia
.m
.(!34I
.mal

Lti10 rL 7(M
.0329 .m.m
.C@la
.M42 :4%
.0m2 .mm

L!211
. 8M0
.Oma

:%G

L%O
.76M
.0m7
. arm
.W

I1

L 619 L64S
.rm .lms
.0018 0
. la15 .lma
.0m9 o

LZ76 L 307
.144a .lw
.MM .M46

L49S LM5
. llm . Hal
.Crm SO#
. 1M4
.(U&! .ME4

LiOO LM3
.Maz
. OIM : O=
.1017
.M77 .Omo

L407 L4M
.ml .Ma8
.mm .IM7
.OaIo .m
.Cms -m

L 1S0
. 6PM
. ml

:E

L%
. 7am
.M74
.77.54
. m7

---

..-,
Ll!27 L21!3
.07!23
.OIM :E

0
.0!220
.M13

abxa
.0244
.ma

o-mm

:%s
L W
.Km
.m4a

L 160
.Mio
.om
.mo
.Oml

L 176

:%-
.MiH
.Mn

L’2Sl
.7am
.0044

L238
.mo
.mm
.nao
.mm

L!M
.awo
.0145
.7am
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—

.=
.1

CL
Plwsnre PM=1 CP 1 cD&cm

_ _“—

L!2S0 L870
.OmI .lm4
.msa .mK1

. 09i4
:%? .lma
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. OIM
.0040
.0196
.Wo

a 6940
.olEl
.(W9
.02a0
.MM

LIM
.M84
.(053
.IM4a
.003s

L a77

I

Lm
.05io

:%!! .0161
.MIa
.M7a : ~6

aaHO
.aIM
.Olm

:%$!
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.m47
.ol#
.02s7
.mio .-

O.lxil
–. OaM

.O!M

.Oam

.olm
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-: g

.04sa

.0104

L420
-. (us

.m44

.mm

.0107

L 687 LQM
.oIaa . ml
.0m4 .m74
.Oam .m76
.Olu .oIl!2 1

2M0 ‘ am
.0447 .07M
.om ; yil:
. L140
.01111 .0117

L8iB
. rilml
.Ma9

:%!

L!285

:E

:%

,
L575

-: ~

.m

.0144

ama
-.omo

. la67

.0697

.Olaa

O.wm
-. mm

. liol

. IM!3

.o14.a

LM6
. 47M
. limo

:E

L=
.C3ao
.1740
.alm
.0145

—-—
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}
TABLE V1.—N, A. c. A. s&M PROFILE; SLOT 13.1 PER CENT OF CHORD FROM LEADING fiDGE; SLOT OPEN

0.667 PER CENT CHORD

6 ““io
-

L 474
.1273

-

L300
. 102J
.02@
..1397
.0061

21
I

24 \a7
;—
I
L 140
.Em

.—.
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-
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.—
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llg
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.0446
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. Xlo
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.25!23 .M41
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.7600
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:% ;=
.-
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.(BXI
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.lml
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a (M7
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.M)n
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.(034
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. IE76
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o
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.M46
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..14m
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&
L51O
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.Oml
. Ilal
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Lw
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.m.m
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a om
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- .
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.0621
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1021
.Om
.C#7
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‘i!!!!
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TABLE lTI.—N. A. C. A. &bf PROFILE; SLOT 32.56 PER CENT OF CHORD FROM LEADING EDGE; SLOT OPEN
0.167 PER CENT CHORD

-.

.—

In& -6

wow
.Oao

o

a67m
.0254

6

L IW
.mm

9

L2M
.M40

Is

L459
.M50

M

L520
.E?21

27
-.

No now
Uuoroch f%

L640 l.. j LIM
.1630

t

.4021
L 142
.C4Mo

L246
. 74M

0.C41s
.0252
.Olm
.(B91
.M23

w.
aom
. ml
.M22
.02m
. MI1
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.Ozm
.Olm
.0416
.0023

L6m
.m!Z4
.0124
.M4s
.MaI

L730
.1o49
.0126
. lli’4
.M!41

L 7S3 L 174
.6160

:E Umtabh
.1615

, St&

.0022 !
r

.m24

LEN
.62M
.OL?O
.63S9
.M22

L%
.7670
a 0141
. m
.M24

L em L&
I

L 174
.lm .2s70 ~ .6200
. am .mm .W19
.1833 .!i?m .521Q
.Oma .mo .am

L2M
.0296
.0014
.0410
.Ka7

L 440

:~

.M37

L540
.w7
. m12
.M90
-mm

L682
.1076
.0015
.Iom
.0m3

L Ml
.6231
. mm
.624s
.W

L160
.6170
.m

L!M9
.7640
.0316
.7m6
.m

I
L526 L4S5
.1893 .=
.mm .0m6

LE45 LS18
.m
.mu :&!%
.1591 .mm
.mu . .am
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.60M
moo

L!Z17
.7470
.m

o

:%5
-a mm

.0216

.mu

.0227
-mu

0.64M
.0293
.m36

-

amio
.0244
.ml
.Ozm
.mll

LE3S
.Osm
.CHm

L l@l
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. m18

:%

L262
.moa
.mm

LS32
.@o

:%x
.am

L405
.om7
.m

L412
.aw
.m2

:%
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.Iiunl
.a06

I

c

= 4“’
L 162
.mm
. mu
.60LI
. mu

L 160

:H!
. elu
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L2SB
.7493
.mu
.7492
.ME4 ..._

1

%%
.m
.mm
.m~5

L 142
.6050
. OLS1
.62U
.CKB7
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.04is

:%%

L2M
.762)
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.7552
.CnI16

L2M
.7400
.ma
.ml
.M27

L2M
.7420
A@&

.m40

= .$.
-am

.0202

.Oom

.0222

.M15

L165
.CmO
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.04m
.(UI6

L4SS
.0i97
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+
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.14S7 .X46
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.Ua7 .2324
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.1702 :%!
.UM2 .M41
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.K#M
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.Ow
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.m27

LMO
.Cm2
.Olm

:%%
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.Oom

L9M
AS&
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.0042

t ,
C172M ! L645!
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.04s2
.mu ; .07m
.Mio , .W
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.0U5
.0494
.Qm9
.M41

0.0570
.Omo
. Inia
.mm
.KMo, I-—. —
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TABLE VIH.-N. A. C. A. &&M PROFILE; SLOT 32.65 PER CENT OF CHORDI?ROM LEADING XDGE; SLOT OPEN
0.333 PER CENT CHORD

I in(&9 9

.—
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-
x

:Zo
——
L 14S
.mm
.M74
.04s4
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L 140
.Mm
.mm
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,.

--l240 tl 18 .s1 24
——.
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— —
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:% .Im4
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.0611
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.Mm
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.0286
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.0467
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.m47
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. owl
.0m2
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20!2)
.1818
.02w
. 16m
.0040

L 472
.26M

L 174
,4640

—1 —.
2053
.1772
.M29
.Ma6
.M54

Jnstabk

L IMl
.4910
.M76
.b2U
.mm

,---

L6S8 L 728
. on8 .1056

:%!!
~g

. m14 .0014

ao410
;O&

.0ZJ4

.M22

L2M
.0884
SE&

.CQ16

L466
.0529
.Oom
.0567
.m14

L 787
. LY31
.M28
. 16?4
,m17

L16U
.&Jo
.m49
.4919
.0326

L~ L ti8
.0m8 .1247
.W22 .M2a

-a 0210
.O!nl
.001.6

rL6960
.0294
.0021

0.mm
.0204
.Cw8
.0287
.Oiwa

L G96
.awl
.M26

L!N4
A+&

L 519
.1664
.Ma

L704
.1248
.6M6
.1684
.0m6

L641
.244
.0021

L ml
..2838
#mm

:%%

L 170
.47m
.0023

I. 166
.4620
.Cm6
.4605
. IXM6

L 149
.m
,m24

L 140
.m
.0335
.Cw.6
.M36

:%
.
.
. E

L440 L668
.0728 .1011
.M26 . IW6
,0776. ,1047
.M26 . M86

i!kl.!,,

---

:7117
.m

-: f-i-i
.Ooa
.02R
.m!a

o
.0180

:%%
.W

-

2.%%
.0886
. mm
.C@l

-

a MM
-.0272

.1078

.mo7

.Oom

L124

:R%!
.0280
.M46

,.. ,
.

-. ,—
a 64Io
.o18a
.0m2

:E

.L419
.0417

:%
.0044

L668
.mm
.0412
.0n6
.Om’a

LS02
.0106
.1118
. i218
.Oma

L 187”
.C@7
.Oma
.0876
.M44

1.890
.0168

:%
.M8a

-

Lb%
-, Oc%o

; ]&o

.0365
+

L M7 L 712
J!’& .:$Y#

,0m4 . ua17
.m46 .M46

L

%& %Jl

.mm .1031

.0m9 ,m
-

2.118 %8m
.(I286 .0442
.lrm .1M6
. 18% .1678
.M8a .~

L 866
.1162
.0091
J2&

-

1280
.m42
.0422
.1284
.007a

.2440
.M48
;&f

.0396
-

L 776
.M40
.axll
,21W
.m46

“IF
LI

: 18
.M44

—
anm
.mlz
.mm

:%%
-

awo
-. Om

. ICm

.m72

.mm

2870
.1164
.0424
. MM
.0671

L lm
.47X3
.MI
.6121
.Cm7

l.gtl

4?:~:
.W7 ,

.
249s
. MM
.1146

:%

LM8
.48m
.1109
.6969
.Oom .-
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m TUNKElli TESTS ON ~IL BOUNDARY IuH13B CONTROL 465i

TAB= 1X.—N. A. C, A. 8&M PROFILE; SLOT W.55 PER CENT OF CHORJ2 FROM LEADING EDGE; SLOT OPEN
0.500 PER CENT CHORD

-

. .—
..

..—
=

...-

.—.

--

-

27-6

0.Olsl
.02u

o

&e.&a
.0260

IUZ7Z

.0274

.0731
mea

6 Q 12 M

T
!al !M

L471 L~
.$%60 .60io

%W L160
.1870 .m
.0423 .0560
. !aC@ moo
.CK172 .m

L2J3S
.Mu

L346
.lwl
.msf
.08S
.m

L~
.0s57

L S76
.M42
.0274
.1016
.m

L620
.M39
.m42
.ml
.0322

L486
.aw

LE98
. UQ6

LM
.6210

L 160
.K4M
.0542
.7042
. Im91

LZSS
.74m

L 2i6
.7aal
. OE4
.m
.Oam

Lti
.mm
.0?78
.m
.W29

am
.mo
.03ss
.Ona
.0i)6s

J..mo
.IMl
.Wi7
.LIs!
.OW

L 632
.0741

:%%
.W19

L 81S

:E

l.bw

:%%
.IiM9
.Co?s

212Q
.1242
.CE.2il
.1628
.CftEa

S-ICC;

s==

P%%e

aam
.0327 .~
.M22
.Com

am

:%
. (S87
.0326

LM9
.(M2I
.W
.0464
.(ma

L7tll
:%6

J&

L 4S2
.lzm
.m

L&70
.1449
.Im16
.1494
.m22

L182
.Kwl

Unstable :&%
.0042

-a02ea
A2&

d
L650 LISI
.2126 .4940
.Wn9 .aMo

L% LIZ!
.4940

:E .0m6
.1746 .4996
.W .W

am
.0!?26
.UM

rlal&

-m
.0217
.aNa

L 106
.O&l
.U42

L 164
.0291

:%%
.Im30

L2i8
.022s
.0146
.020a
.00i6

L %“
.0612
.(UJ4I

L2S4

:&%
.04s2
.m.w

LB)
.0247
.0146
.W
.m

L630
.1642
.Lkki9

.—
. —

.—

LISO

:%5

L lEQ
.m
.0357
. an7
.0057

L 164
.W90
.0142
.61.22
.W71

L=
.7470
.CnM6

2
cDc~&..

&0120
.O12S
.axa
.OI!?.5
.mo

L612
. (Mi4
.CnM
.0i32
.ak%

L 674
.Lm93

:%%
.mm

L2R3
.nm
.CG59
.77M
.CKls9

LXO
.m
.OLU
.7442
.Oon

L2S3
.7MI
.mlo

:s

L 274
.7260
. lmo
.meo
.0142

Prbwll’e
-1 Cp

UK&

.0130

.0192

.W

ME&

.Ol&a

.0227

.Mio

L 7CM
.0630
-MM
.03’4
.0372

*

2(PJI L 14s
.= .4?40
.014s .Olm
.Un6 .49@
.cqy4 .W

2460 L234
.lml’
.Ooio :s
. !ax7 .6478
.0U2 .0107.

2.710 LS8S
.1010
. 171!J :%%
.272E .62m
.0143 .0142

P-~=e

Pms9ure
-6 Cr

?mMIU%
-u c?

0.1630
–.0249

.063a

.Cw4

. mm

CiS5!m
-: U&

.04ss

.01a9

awfm
–.M51

.1740

. lwa

.0146

L 6101
–.cKGM
.0267

:E

L6i0
-.0469

.1749

.12so

.0146

L&L5
.0124
.06Ca
.0is7
. OLU

Zan
-. cGt12

.1767

.1446

.0146

z m
.O!w
.0347
.al16
.OIoe

am
-. m

.1710

. I(U7

.0142

22al
-.0152

.1702

.15so

.M42

2bm
.0160
.1719
.Isi9
.0142

Jllstabll

..—-
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TABLE X.—N. A. C. A. 8*M PROFILE; SLOT 32.65 PER CENT OF”GHORD FROM LEADING ~EDGE;SLOT OPEN
0.667 PER CENT CHORD

IA

Lb22
. l!ZQ

.
18

L&%
. M&l

-
al 3-
-..—
s w

L 149
i L 142

.4970 ; .5s70

J
)
-

in d&ee9 6

L ZM
.mGa

so

—1
No fbW
thrr~h a 0184 aosm

.022u .O!w
L8&Q ! L 4n
.0544 .0s21

L4C?
. mm

L204
.7610

c1
CD

2
CDS

CD&CM Tamo a 74Qo
.0249. .lml
.0446 ,042d
.07’95 .~6
.C@74 .0071

1.820
.0S16
.0402
.0917
.0M7

LW2
.W2
.0421
. 10S9
,0371

“L780
.ml
.0440
.1277
.0)74

2010
. 1W4
.0465
.1409
.0078

.2.S.lM
. 12a7
.04s7
.1724
.ml

%X6
. 16S
;:;

.ma8

L!AQ7
.mm
.6s01

:%

L2G6
.70io
.Oml
.7740
.m4Q

-
l.’ml

:RIl
:$!%
-T-LI
.aw
.m54

——

L 11.7

:M
,ma
.m

L I@
;%

.m44

. m2

1

so-m 0.7440
.O!an .02M
.(K)O7 .ak55
.0281 .085Q
.OCm .(M%

L 819
. 10IO
.(048
.1006
.m24

1.744
.m
.m
.2357
.(042

L ml
.61m
,0114
.02M
.0M7

2
(?Dc&M

L224
.0422
.0347
.0469
.Im4

L 492
.UiEJ1
.0040
.06Qo
.0024

L!XIJ
.0$)9
.CQ4Q

L 047
.Oml
.004s
.0777
.0023

L2Q0
.w13
.00-40

L MO
. 14Ml
.ME8
.1458
.C#2Q

L SW
.1482
.0649

I

L 077

:E

L441
. H&3
.0050

La
.24a
.Cu50

1.186
.4790
.02S

L28K
.72%0
.(#Y?

L245
.71s0
.mn
.7207
.M77

Static
Praesnre

+

-acw ~~
,0108
.(032 .Lm=?a
.01s6 .Oles
.Wo2 .O@lQ

(LO& a 7124
,alu

.0100 .017s

.0100 .0m7

.COw .aw?

“am- aswo
-. COw -.0284

.077s

.W :HJ

.0180

L 700
.0792
.Mn6
.mm
. at76

LQ28
.0031
.0191
.m
.OoM

L 940
.1576
.m
.1050
.Cmo

z 16s
.1218
.olQo
.1414
ax@

L 140
.4!4$)
.Cu76
.423s
.OUn

f%.
CD$>

L 104
.0201
.0074
.632n
.0074

L~
.0277
.at74
.04bl
.m74

L=

:%
.0369
.0076

L 744

:%

:=

1140
.Om
.0s48
.0J46
.0140

LMS
,1164
.0379
X&

20E0

:%
.1101
. 0)97

PrJ99gf

L240
. 7s80
.0190
.7370
.CCU4

L264
.0167
.Olm
.6348
. owl

L521
–: O&

.0622

.0126

L(5M
.02w
.ols4
.0408
.mQ2

1.843
–. Ilx41

.aml

.0770

.0127

Fy#

CL

%a
CD $acD5

2495
.1314
.08m
.2!a7
.0149

L&J2
.7070
.Ca2

:E

L 416
.mm
.noo
.Ball
.Olm

-------
. low
.@S7
. lw7
.0148

——
amw L 062

-.1014 –. OQeQ
. ~Q
. Iw ;$
,0176

2SMI
.Cmul

:%
.0124

98?4
... ...-.

.2230
... ----

.Olw

I.wl
.29s5
.2202
.61b7
.0184

L 7S2
-. 07m

.2142

.1852

.0179

am
-. m

:E
.0179

!L400
-.0454

. 21s2

.1723

.018!2
-—

-12 CP

I .-. . .—



WIND TUNNEL TESTS ON AIRFOIL BOUNDARY LAYEB CONTROL 467

TABLm XI.-N. A. C. A 8&M PROFILE; SLOT 63.9 PEE CENT OF CHORD FROM LEADING EDGE; SLOT OPEN
0.167 PER CENT CHORD

1
~& ; –6 o 6 9 la ~16 * al H 27 80

N&:;
.1

am40 O.WO L219
2

~4

L?76 L477 l.tm L616
.0z12

L4S?
.0247 .m .lww

L 179 L138 L!JM
AC< .Oiw .1244 . lW .azlo .4230 .6120 .741

O.lmm km
EC#&i& C% .0!223 .Ga30 %J %7 %& %2 %s ?%0

-J

LB4 L298
.6100 .7570

+? %!!!! !% :%S .%!! %! %!! %% %!! ‘-& :Os %i!

a Osio 0.7Q6Q L= L 447 L662 L~ L636
8JCC: $ .E18 .0249 .B9!!

L47!2
.0S16 .07m

LL30 L!?38

.am
.lml! .!2722

;~7 .M16 %%
.130m .imo

~&%DS S&2sJ
.m17 .0)17 .OoIs

.0401 JE?3&
Sl# Urieteble

.0?47 .1274
.MI17 Al)&

.Cnx .ulOs %% .00YJ
.6077

.Oma .m .OoOs .Oom

a Olsa IL6X4 L 193 L3i0 L44S LE40 LE40 L4S3 L124 L!Xil
&&e g .02X6 .W .0390 .QEm . U&2. .1878 .!26s0 UmtebIe

:%!& .Km .0m3 .m
.76ZI

.W .Cm5 .0m5 .W :%% .Oa!a

z
aorae a65Za L 193 L346 L CO L5M L658 L.911
.02331 .Om .Caia .03s0 .oie8 .Iom .K?46

L 173 LIIJI L26S
.mo .74al

:%! :%%

= C%”’ !% %! % %S $% :% %! % :% :%ti %!

a 0.0104 0-66s0 L ml LM6- L602 La L 672 L 610
W CD .Olw .0n3 .0?J31 . ml .07zl .0992

L l@3 LI!44 L=
.1700

.0028 .mm
.2710 .4&11 .6950 .i%w

.Oozi aO& jloZ!& .m!m .CQm .m29 .Oom
J&S ;&# :g :% := :gfi m -~lg :g: :%: :E :&%

2
o.m37 o-owl L2i0 L4S0 LEZ41 L 815 L656 L6S0

PmJSa& .0167 .Olsa .aml .Mea .-
L 173 L124 L=

1. I 1 .B70 . Mm .Z6m
.0M6 .0146 ;yg .m45 .477 .74s0

:M’
CD$$S .Cm?

.0147 .0146
.ml

.014S .014
.07i’a

.0142! .M46
. 176a .m

:%! .00z5
.40= .6146 .7575

.U124 .0324 -m X& .0024 .CGz4 .Wz4 .W24 .Cu24

lloi!26
z

0.7450 LW Lt?M L&?I L~ Li7K
am’ .01!28

, LE#l L 176
m .04?a .Im22

L 140 L=

.0434 $% .0434 .04w :%
cD?J~? .0s31 :E :% := .IoQ .EQ

%J \ :g $jj :g :%

.W36 .K06 -~ I .~
I

.~ I -~ -m -~ .~

--

—

.—

. ...”

-.

-----
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TABLE XII.-N. A. C. A. 8AM PROFILE; SLOT 63.9 PER CENT OF CHORD” FROM LEADING EDGE; SLOT OPEN
0.333 PER CENT! CHORD

in d&wa

—.
o“ 21

L46
.371

24

L 17
.492

-6 6

L 212
.Cma

9

L364
.053

13

L404
.077

.16
-

0.023
.031u

a 673
.0241

L 51
. 193!4

cL
CD

LM2

:%%!.8m4
.Cwa

L6W
.37W
,0057
.W47
.m.n

,2
CD8

cD.&cDS

amu
.O!w
.03w
.Ois
.aM1

a750”
.IB19
:=

.0n9

L2S0
.0401
.Oms
.07.!a
.(M&l

L696
.Ow
.0304
.0m4
.W61

L 516
,0640
.003s
.0578
.W19

Law
moo
.CO19

L7W
.0777
.0314
. lWI
.0@5!d

LRM

:%!
.l!w
.0234—

L305
.0992
.axe
.1038
.UM3

L6S7
.Omz
.0317

1.640
.!2060
.lm7%
.243!4
.0m3

1.142
;~1

.6401
awl

LIM
.6s30
.mm
.am
.(E%

L 134
.6W0
.ax?4

rwa~

hstab
.

L 168
.m
.0024

,-

0.072-3
.0234
.0046
.6273
.00z3

L $)6
.0406
.0038
.0446
.0019

L 153
.mm
.Oonl

1.002
.0719
.wo
.0769
.Oo!m

L426
.7630
.0021

L 676
. le84
.0057
.m41
.mm

–0,001s
.0196
.0017

L670
.1703
.am

LEO)
. %%0
.Wm

math.preaore

L636

:%%
.2W6
.am

7mtabI(

cl,
::?

CD+QCD.S

-: ~
.ml
.0193

.. CQ31

am
.0187
.0m3
.02m
.(m4

L 192
.0317
.txw
; p&

L378
.0400
.Ix138
.04u3
.0033

LM4
.Ow
.C#3

:%%

L766
;&o

.C@43

.l-m3

1.676

%j

-

am
.0083
.0417
, llal
axle

L030
~1850
.CQ33
.1082
.&w!

L 109
.490
.0)36
.4036
.c4B6

L lU
.4e30

%%
.lm44

L136
.Smo
.m
.mM
.m

L 134

:%
.tma
.m44

L

B

k

L

L4
.70

:?459
,m45

a 021
.0118
.Ixw
;Of&

LZJI
.0233

:E
.0043

L430
. Olm
.0402
.0566
.0m7

L 4@3
.0416
.Oo$o
.awl
.0M3

1.709
.two

.:%!!
.0x8

L 680

.:E
.0674
.a144

L 676
. 171m
.0ra5
.1736
.0043

~D
cm

CD-&CDE

r%
C!M

cD&

a 670
.0146

:%%
.0$43

a mm
–. axo
.W!a6
.03m
.CKm6

a 70s
-: &o

.03!30

.0M7

L 9S5

:85!

:%%

z 340
.0943
.0J17
.lw
.0009

Ll&l
.4930
.0407
.6337
.M68

%i!J
.0x4

Pregw’4 Jnstabh

-
L343
. 74W
. Ilm
.3@lo
.an4

CL

l%
cD’&

amo
-. 0!2!37.1102

.0936

.ma

asm
–: ~

.M7a

.009s

LM3
-: ~

. 10E4

.Lm93

L8W
,0110
.1119

:%

z m)
.02a7
. IU?3
.1400
.0m4

z 410
.m5
. 113E

:%!

L240
.Lml
,1113
.mu
.IxS9

PJ.scy

. ..—

Jnatabl(



WDN’D TWNTWZL TESTS ON AIBFOIZ BOU7W0ARY LAYEB CONTROL 469
TAEiIE XHI.—N. A. C. A. 84S1 PROFILE; SLOT 53.9 PER CENT OF CHORD FROM LEADING EDGE; SLOT OPEN

0.500 PER CENT CHORD

15 Is
—-—.-

Inde=me%g -6 0 6

LZ20
.wss

9

L80S
.&ma

La

:%%
.ICm
.mm

L6Sl
.0567
.0050

:%%

12 a 94 27 80

L240
.7680

No%oW
thr$yh L4S9

.0764

L&%
.07w
.0424
. 12?0
.mn

Li80
.0i32
.W
.OiEd
.W27

L586
.Ui3!2

ZOio
.w-

:!%
..0074

L519
. Ims

L 461
.27S2

L160
.6140

L184
.6EQ

.-
..- -—.-.

a mo

$%
.M94
.00s4

am
.aw
.08is
.UT19
.Lwo3

LSS4
.04e5

:%%
.0066

Zlw
.lli6
.W8
.ME4
.Olwl

L204
.l!om
.Ow

:E

L 170
.6190
.0s5s
.6749
.al?s

s=!
hlu.ebk

0:CL&

.Om.9

:%

o.76!41
.0zi6
.0056

:%%

L8Z!
.041m
.m
.U45a
.mm

LM
.G34i
.we?
.1014
.CKE3

L682
.W18
.Om

L 818

:E
.16s4
.M47

L&J!4
.lm6
.Oml

Ll!W

:%!
.808s
.K14S

L 176
.Eo$l
.am
.6179
.W46

L 170
.6190
.m
.62i6
.0)48

CL

FQ
–Q mo

.01S9

.mza

-aCoY1
.0117
.W
.0163
.0z36

a6920
. oa14
.W

0:~

.m

.019!4

.llls

Cl?l&

. Olsa

.0198

.W

LIU
.0851
.0a31

L216
.0274
.0062
.03m
.&m

L 314
.0219
.0181
.w30
.Wes

L4M
–.0024

.062a

:E

L!ES
.OE31
.Cmo

L4!U
.0737
.Oo!zil

L6C9
.!iam
.Im4

L Ml
.49!M
.W

LIM
.mo
.W

L166

:%%!

:%%!

L!XO
.78s)
.0043

L=
.mlo

:%%
.m

LZ59
.m
.0142
.7502
.C#71

---,

L#7
.0u9

%%
.Lml!2

L600
. mm
.0184
.anm
.W

L7S9
.0181
.062s
.0779
.0105

L687
. 05%3
.wm
.m
.0m8

LS07
.07w
.0w3
.Cs46
.wa

L6Zl”
.=
.W8

:%%

L6M
..%390
.(wn

:%S

aokso
.W2
:~

.W

L767
.0566

:%
.0063

z 0?0
.oaa4
.0ea6
.0339
.mm

2825
-. m

; :7g

.0142

L992
.0746
.0186
. IEsl
.0a3s

2.086

:%%
.1124
.Cms

L698
.!44s0
.OM’4
.!a14
.oM7

-.

(lU70
-: f2&

.Ci3&

.Oloa

o.Mio
-. om7

.C@4

.0417

.0104

L 74el
.!4520
.Om
.8162
.0103

rnst9blQ

L 219
.&o

:E+
.0105

L210
limo
.0680

:&%

L366
.7890

:$%
.0109

.

.—an
CncmcnsIi

a 2610
–:!77

.0954

. o13s

assm
-.0$$8

.m

. low

.0189

L 676
-:k4a4a7

:m%

2010
-. 02S9

lea
.140
.0141

1.290
.600a

:s.m40

L8!20

:%!
.ntn
.0141

L4M
.7780
.1700
.M80
.maIRes3ure

-la CP —

,



470

TABLE XIV.—N. A. C. A.

REPORT NATIONAL ADVISORY COMMIW13 FOR AERONAUTICS

—...- —=

8AM PROFILE; SLOT 63.9 PER CENT OF CHORD FROM LEADING EDGE; SLOT OPEN
0.667 PER CENT CHORD

l--4nd&wa 6 9
— .

L236 1.875
.Cbma .0648

–6

0.02$6
. Ilale

o u

L 478
.077a

n

L4S0
.28ao

?4

L 151
.6140

27

1.1s6
.62ZI

80

Lw
.7M6

No tiW
tlycyh g

r ,..

LEO L680
.s!448 . mall

L 2EO”
.6256
.Oioa
.6063
.0117

Law L605
;~ .CM67

.0494
.0276 . naI
.Ix170 .0m2

— .

L840 L 676
.0670

:!% .mw
.0460 .0988
.0(s4 .(KI84

L 075 L 236
.C@m .OEiO
.W .OoC

1.226 L4M
.0234 .0854
.C8no .0372
.rNo4
.0070 :%%

— —

L a46 L602
.0166
.0178

l--

: Pa
.m J#
.CuEn

L666 L~
-.0227 -: 0u7;

J133&
.0767

.Olal .0140

T

L 766 z lao
-:Jl& -.0666

.Z2u
.1807
.0464 , :0%

L 810
.7170
.W
.8469
.0114

l.sm
.7W0
.0107
.m
.0054

L!ZM
.73m
.Kal

L 265
.7260
.cY17’a
.‘ma’a
.Cu?Q

~$33

.0i60

.0s15

.m76

L9Y3
.0798
.0312
.18rm
.aw

2140 1236
.Owa J&
.0629
.1462 .1774
.Cma .00e6

LP.46
.8140
.0714
.8854
.0119

L 180
.m
.Oom
.6969
.0114

L 160
.6170
.0118
.6298
.m

L 166
:%

L 163
.6G$6
.m

:%%

%% :%-5
.mM .0u9
.ma .17U4
.Cn40 .OMI

- .

iiza L6!26
.Cw .16u5
.0048 .at44

Cm&

.am

:$%

a 7E00
.0232
.0c8a
.!2$47
.aOa

:M&

.W46

a6200
.KKM
.C072
,0167
.mn

L 566
.!4680
.Oln
.3351
.Im31

L 665
.Z6m
.0049

L 610
.2800
. (X376
.2486
.m76

L!2M
.6Z41
.0116
.6816
.Oom

L la6
.4910
.U166

-a 0610
.0186
.W40

—.

-a Oae41
.Ml&a
.Co70
.0164
.0070

acao
-. m88

.0176

.0140

.0336

L 440
.071M
.W4a

L 670
.0640
.0078
.m
.007a

J

L 670 L 7W
.0765 .1610
.m74 .C076

. 16s6
:%% .0)76

L I(IO
.4910
.0077

:%

Z066 %Zca
..0667 .ma
;o& .Owa

. Iwo
.mw .m

a 7190
0
.Olsl
.Olm
.rmo

LMO
.0476
.OIW
.Ooao
.OCm

L660
.!a.!?c
.0164
.2S44
.Waa

1.!210
.4Q34
.0186
.6116
.Olxa

L 186
;=

.6149

.0026

L2sM
.7WI
.0192
.7402
.WJa

a Iwo
-.0447

JIEl&

.owl

az.m
-.1076

. n7a

.1102

.Olm

am
-.0896

.W?J3

.0481

.0L36

LOSO
-. Ioza

.2195

.1172

.Olsa

2203
.Oom
.W
.0#4
.0141

2466
-. 047%

.!&a

.1768

.ola9
+

!&460 264m
.mlo .C966
.clam
. Ilm :%
. 014a .0146

27!m 2 a96
-: 6z& -: ml:

:~n . X92$3
. owl

L270
.4040
.0640
.67W
.014JI

L=
.7600
.@48
.8148
.0140

LMO
.76ao
.21n
.wn
,0N6

L~
.4wxl
.2210
.7110
.0164

Jnstabll



WIND TUNNEL TESTS ON AI13FOIL BOUNIMEY Iu4YER CONTROL 471
TAB~ XV.—N. A. C. & 8AM PROFILE; SLOT 72.6 PER CENT OF CHORD FROM LEADING EDGE; SLOT OPEN

0.167 PER CENT CHORD

——.
h &reei 0’6-6 B

L~
.0543

L6M
.05%
.OIW
.OiEo
.m?a

12 21 24 --. ..-
-.-. .-

1

L 145 L243
.aal .m

L484
.(E8I

L607

:&%
J&

L640
.Osm
.ml
.owl
.m16

L6M L 516
.M .m

L456
.2i46

L 146
.61M

-

%
cm

CD CDSL
L612 L665
.W .mlo

.02w
:!% .2243
.om4 .m

0.0125
.0231
.0197
.mm
.M23

&7s10

:%%
.04ii
.ml

L242
.042a
.Olm

:%

L 173 1272
. mo

:%% .0231
.6335 .ml
.0E33 .ms2

L6M
.!E30
.0202
.Xa2
.ms4

L 102
.60M
.OIM
.62i9
.mm

.-

:-+=+
..:-—

a 0101
.01G7
.Oml

:%%

lM&

.M16

c17&

.Cml

.0%

.0216

L806

:%%
.M28
.m14

L6M

:%%
.05m
.a)ls

L6i0 LM3
.s280 .m

.M29
:% .X@4
-mm .m14

L493
.2740
.Oom
. 2i69
.0014

L4M
..2i30
.mm

L150 L 240
. 76m

:&%! .m
.6m6 .m
.W16 .W12

L Im
.61M
.0023
.6120
.(R3I3

L162
.Slm
. mlo

,

0.7020
.0244
.m?-5

L 142 L246
.6210 ..7M3
.mm .0012

L197
. 02S1
.m

L 863
.O@
.M42

L416
.OaM
.am
.0618
.0313

L 491
.Oiw
.Cn)4

L626
.0740
.mn
.075a
.mu

L6Q4
.0716
.m7
.Cma
.Wls

IL6M L540
.1217 .ma
.MOs .Mis

static
h’esslm

—l— I ..
CL’k!a
J).&

.O.m

.mu

L 147 LMO
.am .i6m
.0017 .(H)I7

.7m7
:%% , .(M17

LZ6
.C362
.mrd
.0676
.mn

L~ L 561
.1161 .m
.ms .mm
. Hi%
.m14 , :%

L4M
.2710
.M16
.%7%
.mu

L 147
.6110
. m16
.6126
. lK116

.

.—.
L.-

1

L6M
I
; L~

.1149 .Im7

.am

. 11s7 :%%

.mm .M20

-.o.aM4
.0167
.0m7
.OaM
.m~

o.‘nIo
.02m
.m7

:%!

L250
.mm

:%%
.ml!a

L471

:%
.m
.m19

L 142 L!M2
.7610

%%! .mu
. 61Q3 .7654

+

.0022 .Oma

LI!B L2M
.6M0 .7610
.(IZM
.M24 :%%
.COrr .mm

L5M
.2iZ1

:%
.M21

L624
.Zi30
.M16

:E

L147

:%%
.5123
.mza

--—-——

7LM2 La
.IM2 .=
.0a16 .om7
.13m .m2
.M25 .0333

aw
.mm

:!%
.ma

0.0148
-. mm

.Ix44

.m15

.0054

am
.0147
.0218
.CG6u
.am

L260
. am
.0216

:E

L620
. W-4
.0216
.Ma9
.M36

L 814
.m

:%!!
.Cm6

L 106
.mio
.02a
-62a2
-Ms7

1.Ea
.E&o
.0058
.6Z38
.lYxM

~.y&a

——

?resmra
-12 47P

.<.

—
.-—--

TL197 LM2
.6140 .7630
.0e06 .mm

.s236
:E .Miw

1
Cms?m

.0642

.Mel

.M54

L45Q
.0221
.0852
.Csi6
.Ms4

——

L729
.mm

:%%
.M54

:% / I..

.m61 .0361

.17E6 .mM

.M54 .(KE4
I

L6SI
. 27E41
.mm
.s405
.M65

----
1



472 REPORT NATIONAL ADVISORY COMMI~E FOR A13RONAUTlCS

TABLE XVI.—N. A. C. A. *M PROFILE; SLOT 72.6 PER CENT OF CHORD FROM LEADING EDGE; SLOT OPEN
0.333 PER CENT CHORD

80in &reea –6 o 6 12 16 18 21 24 27

1.S!M
.6140

1.196
.0240
. @276
.8716
.0xi8

L 192
.6340
.mm
.m
.0027

No&w
thmm:@

F4yolo

f4Lyo;

Statia

W

~u&

-6 Cp

Prf#&9

‘ 1.228
. W7

, (LOOm
.0214

-

0.lti”
.0w7
.W22
.mta
.mw

-

llg

.ow

.0272

.m.

a 7210
.0246

1.m
.5ao

L434
.8mo

L &32
. Iml

LW8
.1429
.W7e
.lsm
.mw

LW4
. ma
.mw
.1291
.Owo

1.617
.W2u

1.440
.!nm

1.w)
.2020
.W
.S404
.m

1.48a
.mm
.lw7
.?47’7
,(YJ29

L 186
.620

L 162
.6W0
.0332
.b682
.@@

1.162
.mm
.0054
..5234
.C027

L 251
.TM

L 217
.7910
.0n2
.8W2
.0m2

L ml
.71Mo
.0047
;#$m

CM&

.c@22

:E
0:W&

.WM

. lws

.W22

1.415
.0481
. (ma
.w14
.mm

L202
.0422
.0CU7
.0480
.CU24

L824
.W88
.Lw!3
. 11=
.Cnw

L 610
.0’239
.C@37
.Owo
.0329

I.wl

:%
.0w8
.m57

1.570
.Cma
.0m4
.0524
.m27

J

L 878
.0516
.0)11

1.408
.0479
.Oow
.Oms
.0w9

1.570
.0402
.Owl

:%%

1.W8
.Zml
.0678
.2678
.mos

L 546
.X%Q
.0057
.m47
.mm

LM6
;&u;

tm&i

.0012

0.0440
.Olw
.U128
.owl
.mm

cLic&

.0018

Q71Eal
.Mel
.mw
.02w
.Oow

L IM
.02e4
.0m2

L~
.W28
.(029
.mm
.mw

L 512

:E

L(!48
.IW72
.W28
.0700
.mw

-

L 764
.ow
.m?e
.0742
.W40

LE@
.1191
.al14

L 610
. 11!23
.mw
.1160
.mw

L 489
.27ea
.0020

L 4WJ
.27W
.m
. Z68
.W30

L 162
.6120
.alw

L 152
.6120
.mss
.6166
.CKs6

I. 168
.6130
.Cmi’
,6217
.W44

L 169
.e.lw
.W24

LIM.
;&m

.W’16

.OaM

L2W
.7100
.m2s

1.2s1
.7620
.lwo
:7&

a 7mu
.0162

:~2
.0040

1.232
.0307
.mm
.Wa7
.0040

L&Al
.2744
.m

:%%

1.172
. mm
.W$7

:&!!x

L !431
,7670
.mw
.nw
.mn4

CL

%8
CD&CDB

a Iwo
-: ~

.W21

.W

a 8610
-: %6

.0878

.OmO

L 491
.0174
.02w
;&o

L 766
.W47

:%%
.00w

L 992
.0523
.02es
.0523
.mw

L Sm
. llm
.We7
. 15=
.0352

L048
.W
.mea
.4364
.U167

L&40
. !xmI
. mw
. ?31Q
.0m7

L 18-S
.slim
.0%9
.6609
.0m8

L 220
.02?4
.0411
. W41
.mw

L 812
.7rM
.041s
.Ki96
.mw

2
toCDC%D.I

a 9670
-.0205

. lIW

.Ce42

.mw

L 832
.-.0072

.1114

.1042

.m

10947
.0111
.1114
.rz!6
.am

-

2245
AJ81J

:E-

2.110
. 100a
. llm
.Zm
.mw

-

L W
. ewl
.1123
.74e2
.W@4

L40S

:Fa
.9112
.0006

-

L 721
. NW
. Ilm
.8116
.W02

- .

LOM
;ym2

.4115

.W04

L 286
.6M!0
.1126
.6223
.Kw4



W~ TCENNZL TESTS ON AIEFOIIJ BOUNDARY LAYER CONTTiOL 473

OPEN __TABLE XVII.—N. A. C. A. 84-M PROFILE; SLOT 72.6 PER CENT OF CHORD FROM LEADING EDGE; SLOT
0.50UPER CENT CHORD

24 --.,-
.=—.

0h d&efu -6 6 9 U

L4S0
.m

15

L%
.1242

L 7!25
. 14s3
.0564
.m
.MiM

la 21

L 144 I L=
.61m ‘ .7023

I

O.wa
.Om

Qa20
. 02i6

L 21B
.C3ia

L~
.0615

L=
.Ise5

L62Q
.!i%o

:$!%
.m

L~
.2M2
.0102
.2%2
.Cm51

L 472
.Yio2

LF$9
. 8U0
.0s91
.M91
.00z’

L492
.m
.Ix94
.3024
.0347

LM4
.6U0

L 173
.62io
.05s
.m
.ImJ4

L IC#
.Ci150
.Oxa
.62i6
.0043

...-.

II IISQ
.0210
.0429
.0i39
. W72

CLmo
.0244
.mm
.0a12
.W?4

Q

:E

: .Sl&

.OMs

.0793

. (M75

L4!28
.W
.046s
.Owl
.Wz9

LM6
.IM57
.04s7
. U5S
.ml

L 918
.ane
-OmI
.Bio
.03s3

L 185 ‘ L316
.240 ] .mm
.M64 ~ .0512
.C@i.i .s332
.00a4 .0w2

—
.-

L 166

:E
.e365
.0)46

O.mu
.m
.m
.0359
.mm

o.64io
:H

Eam
.(W7
.006s
.05M
.6m4

L152
.Ck3al
.Mm

L690

:%%
.oon
.m

..

L620

:%%

L707
. lM17
.0248
.065d
.0M9

L&?Xl
. mm
ala

L667
.1o50
.OMJ

:%%

L665
. lm
.0031

L650

:%
.1918
.W

LlbS
.M30
.W

L259
.7Mo
.(UM2

mwlc

0:gig

.W45
Al&

a0210
.0124
.0044.ma
.aw

am
.wll!l.0117
.ma
.aml

O.Ii&l
-.0248

. Ml

:=

L2i8
.0%9
.004s
.03?7
.0023

LS%I
.0469
.KJ4s
.04s7
.W

L IE4
.WiO
.0ik55
.6!W
.W

FyJ&

Prrcu

—

“IN&
.o12a
.Om
.UJ61

o.m
+x!&

.0411

. Om

L320
.0236
.Olm
.ml
.0M3

L 63?
-. m17

. OQ4

.M97

.0102

L621

:Pw
.oln7

“.aw

LS30
.0m9

:E
.Lw34

L 740
. Iw
; In&

.W64

L6M
.IsQ5
.Olxl
. m7
.U3&S

L520
.m
.0X64
.m24
.K167

L178

:P!ll
.6224
.mm .-

—
LMI
.U42
:W
. ml
. Om

!LOio
–. 02?s

. Km

.1414

.0141

2.140
.C319
.0621
.0940
.0102

gal
–:mlg

.ma

.0141

L720
.KS9
. Mm
.Z30
.OIK

LSiO
.2104
.1702

:%%

L 616
.wal
.mN1
.ss55
.Omo

L7&l
.m
. Iilu
.4i02
.0142

L!Z&l
.Km
.m
.siwl
.0103

L282
.66ao
.0m7
.6967
.Olln

L400
.mao
.w?ti
.8sss
.0L04

—

.-
—amw

–. W92

:%
. OIW

L716
–. 0435
.1081
.-U46
.0140

L3Zl
.61241
.lM5
.0n6
.oIa7

L402
.W
.1052
.aow
.Om

LK29
.r@l
. Mm
.9955
. ON



474 REPORT NATIONAL ADVISORY COMMPITEE FOE AERONAUTICS

TABLIO XVIII.—N. A. C. A. 8*M PROFILE; SLOT 72.6 PER CENT OF CHORD FROM LEADING EDGE; SLOT OPEN
0.667 PER CENT CHORD

6

L 21S
.0276

9

L2@
.0616

T12 M

..=

...-
0

0.7om
.0262

18

L5C8
.19so

fn &w -6
-

a 0491
.Omo

23 24

No flOW
thrmtgh L465’ L630

.Oml .lm
L 474
.2am

L130
. 4s70

:.m I L2!J0

I
.7tm

!lmo am
.6?JI0 .m
.0531
.1231 :%
.Oow

L3!13
.%225
.0%91
;29;g

LbS5
.2123
.0119
.2252
.CQ34

L 670
.30Jo
.M87

:%

1.m
.M70
.Ow
.s935
.0111

CL
cD

“,cDT&

O.wo
.0f27
.046
J2#

o.lio

;EJ
-0: Mml!l

.(M26

W&

.0500

.0367

.IlE4

O.80W
.I1200
.(034
.mo
.Q142

o.e360
.0213
.002s

%iJ
.0069

.

L 396
.M5a
.mo
.a!m
.0J43

~ $:2.

.002E

L 720
.mo
.0&5s

:%
-

L 040
.0307
.00s6
.06ss
.01M4

Suotlon
-6 CF

I
1

CL

CDC%DLI
;

cL
CD
c%

l.wl
.07&”” : !%%.OILM .0122
.0s9s J&&
.0653

1.S40
.2906
.0121
.2W9
.Om

L 162 ‘ L.2S9
:y2 ! ,nm

.0104
.0362 i ,7s54
.0056 ~ .mG.2

Suction
-2 G.

Statio
Pres9urt

1
1

L304
.04s2
.m24

L5M L 616
.0eJ32 . Irum
.0m6 .W26

L 676
. 176s
.M141

LK!.5
.1774
.0037
.Ls41
.0037

L641
; w;

.!U121

.0m6

L623
.2025
.m44

L Mu
.2766
. (U39
.!2824
.mm

L MI
.49D0
.W52

L 176
.5010
.0072
.60m
.mm

L 152
.C040
.owl

L lea
:=

,Mla
.m

L !x4
:~

L274
.7#2
.0)78
.7675
.m

L330
.70G0
.0132
.7342
.Ooel

L 458
.Is20
.030’5

:E

+

1.702“: L 7E4

:$%” ;%
Jwr&:

.0Q34

L915 : 1S20
.Ms7 . ma
NM” .0103

.1190
.ME4: .W4

o.@o

:R#
.0a58

Qmo
-. 0m7

. olm

.01.51

.Wm

L31M
.0270
. (KKI1
.ml
.0691

L3i5
. 01S2
.0102
As-5&

L W
.0410
.am
.0472
.0062

L 676
.0322
.0M4
.0491
.0062

Fu
CDB

&ttcD8

a 7rA2
.m17
;glo

.m

lL7#

.0160

.01s4

.0060

Pm91m
-1 CP

L 67U
..*1O
.0176
.2035
.0W3

L190
.5070
.on-i
.6247
.(0s9

L!MO
.6!4m
.Olia
.042a
.(KS9

L 347
.6200
;%

.0134

L434
.W
.nu
.3s15
.0176

PrOsmln
.2 Cp

!
L 622_. o~ ! -: O%.~ I

--1--

.0s95 .07.55

.0131 ,m81

>n& :%2

.mm .2106

. 13s2 .1773

.0176 .0173

!L130 ‘ Z 216
.a224 .0208
.07s3 moo
. 10Z7 ; ;.#
.0132

L 7SS
.1903
.0904
.2710
.0134

L4@2
.19!4n
.2143
.4063
.0179

L tm
:E
.3@38
.OL%5

L606
.mos
; &l&

.0179

CL

%,8
CD$OCD8
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