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WIND TUNNEL TESTS ON AIRFOIL BOUNDARY LAYER CONTROL
: USING A BACKWARD-OPENING SLOT

¢

SUMMARY

This report presenis the resulls of an invesligaiion lo
determine the effect of boundary layer control on ihe lifi
and drag of an airfoil. Boundary layer conirol was
accomplished by meanse of a backward-opening slof in the
upper surface of the hollow airfoil. Air was caused fo
flow through this slot by a pressure which was mainiained
inside the airfoil by a blower. Various slot locations, sloi
openings, and wing pressures were used. The lesls were
conducied in the &-fool aimospheric wind wvunnel of ihe
Langley Memorial Aeronautical Laboraiory.

The quantily of air flowing through the sloi per unii
fime was measured and i3 presenied in coefficieni form.
A coefficieni is derived from which the power required to
mainiain the air flow through the slot may be computed.

The effect of each variable is llusiraied by characleristic
curves. A discussion indicaling the adrvantages which
might be possible by the application of boundary layer
conirol o an airplane is included.

A discussion of the various forces produced on the air-
foil by this lype of boundary layer control and iheir
resullanis is giren in Appendix I.

Under the test condilions, the mazimum Uift coefficient
was increased about 96 per cent for one slol arrangement,
and ihe minimum drag coefficient was decreased aboul
27 per cent for another, both being compared with the
results oblained wiih the unslotled airfoil. It is believed
from the results of 1his investigation thai the abore effecls
may be increased by the use of larger sloi openings, betler
elot locations, multiple slots, improved airfoil profiles,
and {railing edge flaps.

INTRODUCTION

The efficiency of airplanes could be materially im-
proved if the flow of air around the wings and other
parts could be made to approximate more closely that
of an inviscid fluid. If this could be accomplished
then, sccording to the Kutta-Joukowski theory, the
lift would continue fo increase up to about 90° angle of
attack and the profile drag would remain small.

Consider an airfoil with a sharp trailing edge and of
infinite span as being moved through an inviscid fluid
at rest. The fluid would receive an acceleration over
the forward part of the airfoil and a deceleration over
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the rearward part. In order for the fluid to come to
rest at the trailing edge, all the kinetic energy ab-
sorbed by the fluid while being accelerated is required
to overcome the pressure gradient during the decelera-
tion.

In the case of air, & 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 loss the remaining kinetic energy is less than
that required to overcome the pressure gradient, and

consequently at the trailing edge the air does not come

to rest 'but has a velocity 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 required to maintain this
layer is expressed in terms of what is known as profile
drag. This layer is also the chief cause of the failure
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
profile drag of an airfoil varies with the angle of
attack. At small angles the profile drag is smell, but

it increases 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

i lift no longer increases with the angle and the profile

drag becomes large. If this region of retarded and
turbulent air were kept as small at large angles of
attack as it is at small angles, it might be expected

. that the lift would continue to increase with the angle

and the profile drag would remain small. It follows
from the above statements that an air flow approach-
ing that of an inviscid fluid could be maintained if
the boundary layer could be reduced by adding energy
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 controlled 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 en auxiliary airfoil 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-
foil (references 5, 8, 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 Aevonautical Laboratory, the boundary
layer was controlled by the action of air flowing through
& backward-opening slot in the upper surface of the

F1aUuRs 1.~N. A. C. A. 84-M profile showing slot locations

Tasrm I—N. A. C. A, 84-M PROFILE ORDINATES

. Ordlnates Ordinates
Station In per jupper surface | lower surface
cent of chord | per cent of ! per cent of
chord chord
1

. 0. 000 2.920 2.920
L25 5. 270 L2312
2. 50 6, 410 .673
5,00 7.980 17
7.50 . 9150 .001
. 10. 000 10. 020 . 000
12. 000 70 . 000
16. 000 L 930 . 000
20. 000 2. 855 .000
25000 [~ 13680 . 000
30. 000 14,160 - .000
40. 000 14. 475 000
50. 000 13, 910 . 000
60, 000 13, 425 . 000
70. 000 10. 250 . 000
80. 000 7.580 . . 000
90. 000 4,285 . 000
i 95000 2. 606 . 000
| 100, 000 1,253 253

1P, E. radius=~0, 253,

airfoil. A preliminary report of this investigation has
been made. (Reference 16.) These experiments 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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among several previously tested (reflerence 9), be-
cause when not in use it had the least detrimental
effect-upon the aerodynamic characterisitics of the air-
foil. The tests were made with the ml,odel mounted
between two end plates which were sufficiently large

to give practically 2-dimensional flow. "

MODELS AND APPARATUS}

The airfoil used in the tests had the; N. A. C. A.
84-M profile, Figure 1, the ordinates of which are
given in Table I. The upper surface profile was prac-
tically an arc of a circle, thus allowing tlie part of the
arc confaining the slot to be used in various positions
without appreciably modifying the profile. The airfoil
chord was 15 inches and the span was 25% inchaes.
This size of chord was used to facilitute the construc-
tion of the relatively small parts comprising the slot.
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 provide for the passage of air to or from the slot.
The upper surface was made up of & number of mahog-
any strips, three-fourths inch wide, so that any three
could be replaced by the slot assembly. These strips,
together- with the laminated mahogany leading and

- trailing edges end an aluminum lower surface plate,

were attached by screws to four steel ribs. The ribs
had their central portions cut away to allow for the
free passage of the air.

The details of the slot construction are shown in
Figure 3. The front and rear brass sections were
fastened rigidly to the steel ribs by machine screws.
The center and rear sectiong were connected by spring
steel which formed the upper surface of the airfoil at
this place. The slot opening was varied by the four
adjusting screws which passed through the center
section and into the ribs. The three levers which
were attached to the center section were used to hold
the spring steel to the desired curvature. The slot
opening 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 large chord sirfoil, and because 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 airfoil was mounted on a vertical tube which
passed through the airfoil parallel to the span. The
lift end drag forces were measured at the upper end
of the tube; the lower end was supported on a pivot.
The air duct was led in to the open end of the hollow
airfoil through the mercury seal.

The air duct was connected to an electrically-driven
Roots type blower. The pressure maintained inside
the airfoil was measured by means of an alcohol
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3. Slot location 32.5 per cent of chord from L. E.
(4.88 in.).

4. Slot Jocation 53.9 per cent of chord from L. E.
(8.09 in.).

5. Slot location 72.6 per cent of chord from L. E.
(10.90 in.).

For each slot location four openings of slot were
tested:

1. Slot opening 0.167 per cent of chord (0.025 in.).

Y1GTRE 2—N. A. C. A. 8- M sirfofl with part of upper surface removed and slot at 53.9 per cent of chord

manometer, which was connected to a perforated tube,
which extended the full span inside the airfoil. For a

pressure reference, the other side of the manometer !

was connected to a static plate located on the tunnel
wall just ahead of the model position. The quantity
of air per unit time flowing to or from the airfoil was
measured by the pressure difference across a sharp
edge orifice meter, which was installed in the air duet
between the blower and the airfoil.

TESTS

Calibration tests were first made to 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 ends of the airfoil.

The airfoil tests were divided into five main groups:

1. No slot.

2. Slot location 13.1 per cent of chord from L. E.
(1.97 in.).

S$¢300—32——29

|

2. Slot opening 0.333 per cent of chord (0.050 in.).
3. Slot opening 0.500 per cent of chord (0.075 in.).
4. Slot opening 0.667 per cent of chord (0.100 in.).

Effective siof opening. "1‘-'0'-_'s ting screw
. 0.003° T %" Ai flow—>
Wing S -

cFronf section  \|i ! ing sitcel
S fe } . T o= 4 X %

st )
N7 .
Center'section

FIGURE 3.—Diagram of adjustable slot

For each slot location and opening, tests were made
at “wing pressures” of —6, —2, 0, 1, 2, 6, and 12
times dynamic pressure (g). ‘“Wing pressure’ signi-
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O~

F1oure 4.—Airfoll mounted in tunnel

fies the average pressure inside the airfoil measured
with respect to the static pressure of the tunnel test
section. For each slot location, opening, and wing
pressure, measurements of lift, drag, and slot air quan-
tity were made at angles of attack of —8, 0, 6, 9, 12,
15, 18, 21, 24, 27, and 30 degrees.

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

The first fow tests were repoated to insure the accu-
racy of the results and to determine the probable errors
of the various measurements.

RESULTS

The data in absolute coefficient form are given in
Tables IT to XVIII and a sufficient 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 pressure on certain aerodynamic characleristics
and in the value of certain criteria.

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

Cy

|t

(o)

g

S

and (85

%!

q
g=1¥% pV? (dynamic pressure),
S=area of the airfoil,
L=measured lift,

D=measured drag.

where

The measured drag has been corrected for the drag of
the end disks, as mentioned above. These data have
not been corrected for the effect of changes in the air
flow due to the partial blocking of the tunnel test
section by the airfoil.
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Moment wire

Drog wire

To mariameter——|

Foneycomb

2
1

7o b/awar\I

Knife-edge fitfings

Force fube

Lower pivot

Tunnel waoll

Fratre 5.—Apparatus used for boundary Iayer control

The quantity of air flowing through the slot per
unit time was calculated in absolute coefficient form
as follows:

where = quantity of air per unit time,

S=area of the wing, '
V"= velocity of flight (tunnel air speed).

The power required to meaintain the air flow through
the slot is a function of the air quantity per unit time
and the wing pressure. Since this power (Ps) must
be included in the total power required to propel the
airplane, it is convenient to express it in terms of an
equivelent drag coefficient (Cpg), which may be added
directly to the measured drag coefficient (Cp). This
coefficient is defined as follows:

PS=% PSV' Gns

P g
On=37 73

where

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

tunnel test section.

Now letting I—J=CP, which is an absolute coefficient of
wing pressure,

ince <2 —
and since Ve Cq
then Cpns=Cp Oy, which is 8 more convenient ex-
pression.

Chns, as computed above, is representative only of
the power required to maintain the flow of air through
the slot, and does not include the losses in the blower
and duct. The actual supply system losses occurring
in these tests are of no interest, and consequently no
efforts were made to produce an efficient blower and
duct arrangement. However, these supply losses are
important in studying various possible practical appli-
cations of airfoil boundary layer control.
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The probable ervors in the measured results have
been determined on the basis of check tests and an
analysis of the balance deflections. Lift, drag, and
slot air quantity were in general accurate 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 angle 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

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONATUTICE

A. EFFECT ON AIRFOIL AERODYNAMIC CHARACTERISTICS

From the large amount of data obtained in this
investigation, selections have been made to show the
general manner in which the aerodynamic chacter-
istics of this airfoil vary with slot location, slot opening,
and wing pressure. First, the effects on lift and on the
effective drag coefficient (Cp+ Ops} are discussed
(fgs. 6 to 8-B), and later the changes in Cp, Cps, and
C, are studied individually (figs. 9 to 13). In general,
the maximum changes were obtained with the slot
located at 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 serics of
curves was chosen to include this condition.
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Figure 8.—Effect of slot position on lift and drag. Slot opening==0.687 per cent chord. Cpm12

surface introduces certain effects, which in a practical
case would appreciably modify the forces 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 important of these effects.

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

A. Effect on sirfoil aerodynamic characteristics.

B. Effect on certain important aerodynamic criteria
of an airfoil.

C. Possible practical appli tion to the airplane.

D. Suggestions for future research.

Figures 6 to 8-B give the curves of lift and effective
drag against angle of attack for changes in one of the
above variables, and for compsarison the curves for the
unslotted airfoil and the calculated theoretical curves
areincluded. The theoretical lift curve was calculated
from the relation given in Reference 17, the angle of
zero lift being obtained from Munk’s integrals (Refer-
ence 18). _

The changes in C, obtained with the various slot
locations were comparatively small, (Figure 6.) How-
ever, the best slot location depends upon the angle of
attack, and a slight advantage was obtained with the
slot near the trailing edge for small angles, near the
midchord point for maximum lift, and near the leading
edge for angles above maximum lift. Thelift increases
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with the slot opening (fig. 7) and with wing pressure The effect of changing the angle of attack and wing
(fig. 8-A). As might be expected, these increases are | pressure on the measured drag coefficient, (Cp,)isshown
fairly regular, since the energy added or the quantity | in Figure 9 for one slot location and opening. This
of air removed from the boundary layer depends upon | combination gives the maximum decrease in measured
the slot opening and wing pressure. Boundary layer | drag obtained within the limits of this investiga.tion-
control decreiases the angle of attack for zero lift, and | The other slot locations and slot openings give the
in general ingreases the angle of maximum lift. same general type of curves. The increased drag
At the small angles of attack and low wing pressures, | when Ce is negative and the decreased and negative -
as indicated in Figure 8-A, when C»=0 and 1, the lift | drag when O is positive are due to the reaction of the
coefficient, as compared to that for the plain airfoil, is | air being accelerated as it flows in or out through the
reduced, while at the larger angles it is incressed. | slot. This reaction is explained and is included in
3.2 - .
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30 Al ! i 60
R-——» Slof of g%; chord._] L1 1A / ifl
c8 —— - - ;?337:' 3 7 _4»/>< r"; “1’ -56
6 G Unslottod o R LA DK : 55
2 7 / LA DAL
eficall {./ £ | A, \‘ / ¥ [, ‘[‘,
2 Ay / AY N A A )
- A7 SN “
Ry 4 / \ 1 ] I
22 // ',.'/,,//;, Y lr, F 44
20 44 e YAV .
~ v (/';/ i 1 ™ /' ,I’ ‘}X 40
18 A4 A AN A
I;"’ //'/-// I // 7{ \ d “‘\ 36
. & '4 _,/ : \“’ )
58 EO 08 7F RIS ¥
< 14 709294 —— T IAFAN Y (S "L',Aza +
' Ha974 —T W I VERNK >1 498
/ g ’/ /, f‘ | L/ 4 S J 1 3
12 A 5/’ A N ———
)l"/' g o/—", LA 4 /,‘,
g /'/ ////// N ///{//A/ .20
./‘///" T i /’/’
a8 A 5L P A{[T// ] =T — 7 i
L Ve "/, /,{‘_' e wetl S +1 LA+
06 T T I L » ;/‘fl .12
L L1 T+ =
@ M,'/ A g 7 il - - -08
a3 o O o .04
U= 2= 0z & 6 & 10 i /& 16 15 20- 22 24 26 25 30"0

Angle of atfack, e¢

Fiounk 7.—Eflect of slot width on lift and drag.

This reversal is due to the effect of the comparative
velocities of the air flowing over the slot and that flow-
ing from it. The velocity of the air from the slot is
about constent for all angles of 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 small angles, while at large angles the added
air has a higher velocify which accelerates the bound-
ary layer and increases the lift. The increase in (g
at the large angles of attack, with no air flow through
the slot, may be due to the change in profile or to the
slot retarding the air flowing forward over the upper
surface.

8lot et 33.9 per cent of chord from I E. Cpwl2

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

Figures 10 and 11 show the change in the equivalent
drag coefficient (Cpg) and the slot air quantity coefficient
(O,) against wing pressure (Oz) for one slot location and
all slot openings. The variation in ¢ and Cps with
angle of attack is small, and —6° and 15° angles of
attack were chosen because in general they gave
the maximum and minimum values for a given slot
location. The differences between these maximum and
minimum values with angle of attack are greater for
slots located nearer to the leading edge than those

|
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®hown in Figures 10 and 11. These curves mey be
represented by equations in which

Co=K S5 (Cp—Cpo)t

and Ons=K S.s OP (OP'— G’Pa)l

where Cp is the value of Cp, when Oy is zero, and is due
to the local static pressure on the upper surface of the
airfoil at the slot, Sgis the area of the slot opening, and
K is determined by experiment. The numerical value
of K and the algebraic sign of (Cr— Up,} change with a
change in direction of the air flow through the slot,

=7

.18

IE
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04
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\ ~,
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ey i 2 o0 2 4 70

Ce
Ficurk 9.—Eflect of wing pressure on measured drag. Slot at 53.9 per cent
of chord from L. E. Slot apen 0.687 per cent chord. Cb vs. Cp

& g

with the slot location and opening, and only slightly
with the angle of attack. The relationship between
Ops and O with changes in slot location and opening
is shown in Figure 12, for a= —6° and Cp=1; and in
Figure 13, for a=15% and Cp=12. As will be explained
later, Figure 12 represents the best condition for high
speed and Figure 13 for low speed of an airplane with
boundary layer control. These changes are due to the
changes in pressure at the slot and in the air flow over
it for each slot location. The relationship between

|
|
|
i
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Cps and Oy in Figures 12 and 13 may be seen from the
above expressions for these two quantities. .
For the conditions represented by Figures 6, 7, and
8-B, the large values of (Op+ Cpns) are due chiefly to
Chs, as shown in Figure 10. In Figure 8-B the large
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F1GURE 10.—Change in Cps due to various slot openings and w[ng'preégum.

Blot at 53.9 per cent chord from L. E.

differences in (COp+ Cps) for the same vsalues of +C-
and — (5 are due to the magnitude and direction of
the reaction produced by the air flowing in or out
through the slot. The reactions are explained in equa-
tions (11) and (13) of AppendixI. When Cp=0 thereis

& slight reduction in (Cp+ Chns) since Cpng=0, and there
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T1GURE 11.—Change in Cq due to various slot openings and wing pressures.
Slot at 58 9 per cent chord from L. E.

is a jef reaction produced by the small quantity of air
flowing out through the slot. (See fig. 11.)
B. EFFECT ON CEBTA]’N TMPORTANT AERODYNAMIC CRITERTY
OF AN AIRFOIL
There are certain airfoil aerodynamic factors which
form important criteria by which the effects of the
various combinations of slot locations, slot openings,

and wing pressures may be compared. A criterion for

wing ares and stalling speed is Cr mastmum, fOr high
speed Cp miximam, 80d 8 figure of merit for over-all
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. .. (¥
efflectiveness is given by ~-Z5M4™, The general
D minimum

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

Figures 14 to 19 give the percentage increase in
Oy mezimum 88 compared to the unslotted airfoil for the

various combinations of slot locations, slot openings, |
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FIGURE 12,—Change in Cps and C¢ with varions slot openings
and slot locations, aw=—6°, Cpwl

and wing pressures. The slot location at 53.9 per cent
of the chord from the leading edge, gave the maximum
increase in Op mastmum (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
nearly as good results. The percentage increase in
O mazimum With slot opening and wing pressure is
shown in Figures 16 to 19. The dashed part of the
curves in Figures 18 and 19 represents estimated
values., Within the limits of this investigation, the
above figures indicate that- a further increase in
CL maztmum could be obtained with larger slot openings or
higher wing pressures, or both. However, there is a
decrease in the rate at which Oy marimum increases with
the slot opening and wing pressure. _

In order to compare the drag of the unslotted airfoil
with that of the airfoil 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 Cns which is directly compara-
ble with Cp. Hence, for the unslotted airfoil Op, and
for the airfoil with boundary layer control, Op+ Cos
are on & fair basis for comparison. The profile drag
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coefficient for high speed is not materially different
from Cp mintmum. At least, similar airfoils will main-
tain about the same difference throughuut this range
of small lift coefficients. Therefore, & comparison of
Cb mintmum 80d (Cp+ Ops) mintmun Will indicate 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 (Op+ Cpg) at o= —8° varics
with wing pressure is shown in Figures 20 and 21, and
the minimum values lie between Ce=0 and Cp=2,
depending upon the slot opening and skot location.
Since, in general, the minimum values were obtained
at ¢=+6°, this angle was chosen to represent the
nminimum drag coefficient for all slot conditions. The
minimum values for each slot opening and slot location
were taken from the test data gnd were plotted in
terms of percentage variation from the minimum drag
of the unslotted airfoil against slot opening and slot
location in Figures 22 and 23. These figures indicate

- that the minimum drag would continue to decrease as

\ |
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LE Siot tocation m X of chord TE,

F1GURE 13.—Changes In Cps and Cq with varlous slot openings and
’ slot locations, a=if*. Cpmiz

the slot is moved back along the chord or as the slot
opening is increased.

Since O, masimam represents the low speed condition
and (Cp+Obs) mumum the high speed condition,
C’L marimum
(OD"['ODS) mintmum
the greater the speed range possible. and the better
the airfoil for general purposes. This criterion is
practically independent of aspectratio. Thepercentage

the larger the value of the ratio
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| OL marimun

(OD + Om) ninimum

as compared with that

obtained for the unslotted airfoil is plotted against
glot location and wing pressure in Figures 24 and 25.
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In the above ratios, in efery case the value of Cp martmum
was obtained with the highest wing pressure used (12
times the dynamic pressure); for the condition of
(Op+ Cbg) miximun the wing pressure was approximately
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equal to the dynamic pressure. The values of
(Cp~+ Cpg) minimum Were obtained from the faired curves
in Figures 22 and 23. The maximum increase in the

i

above ratio wes obtained with the widest slot located
at 53.9 per cent of the chord from the leading edge.

C. POSSIBLE PRACTICAL APPLICATION TO THE AIRPLANE

It is recognized that the application of boundary
layer control to an sairplane presents several practical
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dde to various slot openings and slot
locations. Cp=12

problems, such as provision of & reliable source of
power for the blower and development of the blower
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and air ducts. These problems will not be discussed
in this report. However, it is interesting to consider
some of the advantages which appear possible from the
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results of this investigation. To show these advan-
tages, a comparison will be made between an airplane
with and without boundary layer control.

To form a fair basis of comparison, in each case, the
total weight of the sirplane (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 as that of the propeller;
and the parasite drag coefficient is constant. Also, it
is assumed that the air which flows out through the
slot has been accelerated up to the velocity of flight
by the engine, Tuselage, or other parts of the airplane.
That is, a condition corresponding more nearly to
those under which the tests were made would be
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FIGURE 26.—Percentage Inocrease in speed range with slot at §3.0 per cent
chord from L. E,, slot open 0.867 per cent chord

realized by taking the air into the wing from burbled
regions about the airplane, or the exhaust gases may
be used. It is also important to understand the
relation between the engine power required to drive
the propeller (P,) and that for the blower (Ps} which
is given by the equations:

P,=HpSViL2
Ny

30DS

and Pg=%pSV?*=—=
s

where 7, is the efficiency of the propeller and 4, is
the efficiency of the duct and blower systems. If
n=n,=n,, 85 is assumed above, then, if the engine
drives the blower as well as the propeller, the total
power required is given by the relation

_ v qura(Oo+ Cos)
P=%pSV "

Since the speed range of an airplane is an indication
of its aerodynamic efficiency, it is poseible to indicate-
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the effectiveness of boundary layer control by the
ratio of the approximate speed range ratios for the
unslofted snd slotted wing of the same area. The
ahove ratio is given by the following equation:

Vi
V_L‘.',—_ 2{(CL) ¢ maztmum 3 (OD)! minsmim + Cp’
T/_Ez (Cb)p marimum (OD + O.D.S’)l mixfmum +Z-7n’

Ly

where the subscripts p and ¢ represent the unslotied
wing and the wing with boundary layer control, respec-
tively, V; and Vg represent the low and high speed for
the particular condition. Cp’ is representative of the
parasite drag of the airplane which, in each case, is
given by ¥ p S V? Cp’, where S is the area of the plain
wing. The induced drag of the airplane is 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 numerical values of the above
ratio is shown plotted against Cp’ in Figure 26. The
lift and drag coefficients for this example were tuken
for the same condition which gave the meaximum

GL mazrimum
(OD + ODS) ul:tm.un
(See figs. 24 and 25.)

The maximum value of the ratio of speed range
ratios possible with the same wing area and within the
limits of this investigation is shown on the curves
where Cp’ is zero. This value may be increased by the
use of higher wing pressures and/or larger slot openings.

Another feature of boundary layer control is that it
appears possible to improve the lateral control of air-
planes as compared with that obtained with the con-
ventional ailerons. Since the lif{ increases with the
wing pressure (fiz. 8-A) a rolling moment about the
longitudinal axis may be produced by increasing the
wing pressure on the outer portion of one wing and
decreasing it on the other. Also, since for a given
value of Cp the difference between lift coeflicients
obtained with air flowing through the slot and with no
flow increases with the angle of attack up to and slight-

Incresase in the ratio

{ Iy above the stall, good lateral control apparently

could be obtained at low fiying speeds. The conven-
tionsal ailerons may give a yawing moment due to the
difference in drag on the wings which, if not balanced

by the rudder, may also produce & rolling moment
opposing that-of the airlerons. These moments are of
importance only in stalled flight where the yawing
moments and the rolling moments due to sideslip

become large, and where, due to the low air speed, the
effectiveness of the rudder is reduced. With bound-
ary layer control the drag could be reduced (fig. 9)

80 that the yawing moment would be very small, or it
might be made to act in the direction to &id the rolling
moment. In this case, if the air which flows out
through the slot-is taken into the wing in the plane of

L]
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symmetry, the values for the measured drag cofficient
mey be taken directly from the data.

Another interesting feature, which is indicated by
the results of this investigation, is the possibility of
jet propulsion by utilizing the propulsive force pro-
duced by air flowing out of & backward-opening slot.
To sccomplish this, the negative measured drag as
determined from these tests must be made equsl fo
or greater than the sum of the induced and parasite
_ drags of the sairplane, 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 atmosphers and in accordance with
the development of equstion (17), Appendix I, the
value of O, given in the data and in Figure 9 would be
increased by 20, and the value of Cps, diminished by Cg.
However, the efficiency of jet propulsion, as obtained by
this method of boundary layer control, can never be
very high unless the supply of air which flows out
through the slot is carried along 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 & jet for propulsion is 8 maximum when the
velocity of discharge is equal to the velocity of motion,

and in order that the mass of air which would be
carried along in the airplane would not be excessive,

the discharge velocity necessarily would be very high.

The results obtained on a model in a wind tunnel
are not always realized when applied to a full-scale
airplane. However, some of the causes of discrep-
ancies are known and allowances, some of which are
indicated below, may be made to bring the results
into closer agreement.

In sccordance with Reference 17, page 20, the
equivalent of imfinite aspect rafio should have been
obtained, since the model was tested in a closed-
throat tunnel and it extended entirely across the

tunnel. (Seefig.4.) Theslope of thelift curve, (dTC:’:)

as obtained for the unslotted airfoil in these tests
(fg. 7) is about 0.106 as compared with 0.096, given
in Reference 19, for corrected wind-tunnel tests, and
with 0.1096, which is given by theory for an inviscid
fluid.

The scale effect on Cp and Op is probably large
owing to the comparatively low Reynolds Number of
445,000, and furthermore the effects produced by
boundary layer control may change with the scale.
The scale effect on O and Cpg is comparable to that
for the flow of air through orifices.

D. SUGGESTIONS FOR FUTURE RESEARCH

The analysis of the present data presents several
suggestions for extension of the tests. Some of these
tests had been planned and were considered important

in this Investigation, but were not made because of

the limited time available.
Tt is believed from these and former tests (Reference

9) that the beneficial effects of boundary layer control
may be more economically obtained by the following
methods:

1. Airfoils with high camber ratios or flaps would

-probably give higher lift coefficients for the same

expenditure of slot power than the airfoil used in these
tests. A thick, high-cambered airfoil with a well-
rounded leading edge probably would give betterresults
than the high-cambered thin or medium thick sections
(especially with regard to lower minimum drag).

2. Larger slot openings would probably give higher
lift coefficients and lower drag coefficients for the same
expenditure of slot power than were obtained in these
tests.

3. The best slot locations for increasing the lift are
fairly well determined, but a slot located nearer to the
trailing edge than any of those tested in this investi-
gation would probably give a Jower 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 results obtained on

a model in & wind tunnel are not always realized when
applied to full-scale airplanes, the scale effect, as well

as the effect of aspect ratio, should be investigated
with boundary layer control.

CONCLUSIONS

1. The maximum lift of an airfoil may be greatly
inereased by removing the boundary layer or by accel-
erating it by jet action.

2. Yithin the limits of this investigation and at any

given angle of attack below maximum lift, the lift _

coefficient increases with the quantity of air flowing
through the slot per unit of time, i. e., with increases
in slot opening or wing pressure.

8. Thelift coefficient apparently continues to increase
with the quantity of air flowing out through the slot;
while with the air flowing in through the slot, the lift
coefficient apparently approaches, as a maximum, the
value obtained by theory for an inviscid fluid.

4. The drag coefficient, of an airfoil, under the condi-
tions of these tests, may be appreciably deereased.

5. Improved Iateral 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 LAYER CONTROL

Control of the boundary layer, by means of air
flowing into or out of the airfoil through slots in the
surface, introd.uces certain effects, which, in a practical
cese, would appreciably modify the forces as measured
on the airfoil in this investigation. The following
explanation, which is by no means complete, is given
to show the approximate nature of these effects, &s
well as the effect of improved air flow.

To illustrate the principle by which the forces, due
to boundary layer conirol, are produced, assume a
hollow airfoil and a*suitable blower inside to maintain
the pressure d: fferences so that air flows in one opening
in the surface and out another. It is assumed that
the volume of the air space inside the airfoil is large in
comparison to the openings, so that the air velocity
inside may be considered zero. If the airfoil be moved
in a straight line at & velocity (V), the air taken in
must be accelerated up to this velocity by an inecre-
ment of velocity represented by Ar;, and the process
produces s force on the airfoil.

Now consider the forces produced by the air flowing
out of the sirfoil. If the air flows out in the form of
a jet, a reaction is praduced on the airfoil by the air
being accelerated by an increment of velocity (Aws).
Its force acts slong the axis of the jet and is
independent of the motion of the airfoil.

The expressions from which the above forces may
be computed are derived as follows:

Force=mass X acceleration.

=m A—,
T
Rl — m2A1v1 . .Rg — mév,
= pQAPl = pQAVg
where B, =force 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,

Cp, = PQAVI
5 ST

2QA1'1
=8

since @=0.VS

then Cn=200 (1)
. . Ay

and similarly Or,=—20, v 2)

(s, may be separated into the lift and drag com-
ponents AC:, and ACp, respectively, by the relation:

AV 144 AP rr
ACL,=0Cp ﬁ=2 Ce _T;_
. . _ AV]_’ _ AV]_’
a.nd AOD,_— 03,_ AV]_ =2 Oq ‘T—f
where Avy’’ =component of Ay in the lift
direction,
and Aw’ =component of Ap; in the drag
direction.

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

Al’lll = 0
and Ay =V
and thus 031 = AODI’
but if the air is taken in through 2 slot in the surface of

the airfoil, the value of the ratio A—T;f may vary from a
value greater than unity to & small negative value,
depending upon the slot location and the character
of the air flow, and in this case, Og, may have the lift
component,

In equation (2), Ar; may be given any value depend-
ing upon the pressure maintained inside the airfoil.
Cr, may be separated into the lift and drag components
ACr, and ACy, respectively, by the relation:

AQp,=E; cos (a+86)

and ACr,=R,; sin (a1 6)

where a=angle of attack, i. e., angle
between some reference line
on the airfoil and the direc-
tion of motion,

and f=angle between the reference

line on the airfoil and the
axis of the jet.

Since in this investigation the slot opened nearly
tangent to the upper surface of the airfoil, the jet
tended to follow the surface, even when the airfoil
had no motion, and hence the angle ¢ can only be
approximated. Certain special cases will be taken
up later, when 9 and Cp will be given definite values.
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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 airfoill. This power is con-
veniently represented by a coefficient Cps which has
been explained and derived under ‘‘Results,” and is
given by:

Gns = OPGQ. (3)

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

A ODS=A OPOQ . (4:)

The manner in which the air was furnished to or
conducted from the airfoil 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 to flow into the airfoil through an opening
and out through the slot or vice versa. If we now
consider the above condition and separate all the
forces and equivalent force .coefficients into their
respective parts, the resulting values of (Cp - Cps) and
C:, which will be represented by Cp’ and C:/ may be
computed from the following relation:

Op’=0m+2 OQ AT”} +2 Oq ?}tz cos (a+6)
+ Cps+ A CpCy (5)
and

O = Ceo+2 O 3" +2 0o Yt sin @+0), (6)

where Op, and O, are the coefficients of the forces
acting on the airfoil other than those due to the air
which flows through the slot.

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

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

Cp’ = Cp+2C, -Av”z cos(a+0)+Cps+ACsCa, (7

and O/ = O +2C, Fsin(a-+0), ®)
and for air flow out through the slot, they reduce to:
¥
Oy’ =Cp+2 Co ™ +Cps+ AC:Co, ®)
Ayl

and 0;, —OL+2OQ V (10)
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Improved flow will be considered as, any change in
the air flow around the airfoil which will result in an
increase in (%, or & decrease in .Cp, -or both. The
action of the boundary layer in decreasing the lift and
in increasing the profile drag, as compared with that
which would be obtained with an inviscid fluid, has
been explained in the introduetion. However, a better
understanding of the manner in which the air flowing
through the slot improves the flow is essential to the
interpretation of the results. Consider, Hrst, that-the
air flows out of the slot as a jet. If this jet adds
more energy to the boundary layer than is required
to overcome the effect of viscosity, the air flowing
over the upper surface of the airfoil will be given a
higher velocity than would exist in an inviscid fluid.
Since the flow of air around airfoils may be considered
as a superimposed translation angd circulation, and
sinee the lift is proportional to the circulation, it might
be expected that a lift greater than the thcoretical
could bé obtained. Now consider the air flowing in
through the slot. If the air of the boundary layer is
removed as fast as it is formed, then the flow about
the airfoil should give about the same lift as would

be expected from an inviscid fluid. If more air is

removed through the slot than is formed in the bound-
ary layer, very small additional increases in lift, if
any, could be expected, since the air flows from all
directions to enter the slot; therefore there could
be only a small resulting increase in velocity over the
upper surface of the airfoil,

The profile drag of an airfoil is the result of skin
friction, together with a resultant force due to the
pressure distribution on the airfoil, caused by the
change in flow of the air about the airfoil from that-
which would exist in an inviscid fluid. Since the effect
of boundary layer confrol is to increase the velocity
along the surface, the profile drag due to skin friction
would be expected to increase. However, the resultant
pressure due to the change in flow would be expected to
reduce the profile drag. For these reasons, the profile
drag could not be expected to be reduced appreciably
for small values of the lift coefficient, even though the
flow were considerably improved. No tests were made
in this investigation to determine the individual effects
mentioned 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 assump-
tions and use of equations (5) and (6) mentioned
above. In these equations, O and Cy, are the coeffi-
cients which would be obtained by the improved flow,
and the relation from which they may be computed is:

A?;

Cro=Cy—2Co é%'_’ (12)
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for the air flowing in through the slot, and

Oy =Op—200 2 cos (a+6) (13)
Allg .
0L0=OL—20Q '7‘ s (a-[-ﬂ) (14)

for the air flowing out through the slot.

To illustrate the above principles, as applied to the
test data, the following examples are given. First
consider changes in Cp, Cps, and Cy, which 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 rearward
from the airfoil into the atmosphere at a velocity equal
to the vélocity of motion, equations (7) and (8) reduce
to:

Op’ = (Cp—2Cg) + (Cps+ Co)

and 01_',’= 01:, (16)
Since by the above arrangement,
=101,
and a+0=180°
Then: cos (at6)=-—1
and sin (e+6)=0

If 8 has a constant value, the angle of attack («) may
be changed several degrees without introducing an
appreciable error in the results obtained from equations
(15) and (16).

Algo by making

(x+0)=90°
then 01)"‘01)“'055'[’ C’q
and 01,'=01;+20q.

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

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

Op' = (Op+204) + (Cns— Cq)

=Cp+Cps+Cq @an
and O/ =Cg (18)
since by the above arrangement
Aw' =V
A/ =0
ACp=-—1

These changes are important in the practical applica-
tion of the data, and Figure 27 is given as an example
$9300—32——380

to show the difference between the corrected and
uncorrected data.

The changes in Op due to the improved air flow
about the airfoil could be computed by equations (11)
and (13), if A»/ in (11} and (e-6) In (13) were known.
The factors 2C, A% and 20, ‘%’cos (+8) are both
large when compared to Cp, and special tests would
have to be made to determine these values.

The changes in C; due to the improved flow may be
computed from equations (12) and (14), since the

Iei
values of 20’0% and 204A7v’sin (c+8) are both

r?
small as compared to Oy, even though é-?;—= 1 and sin
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FiGURE 27.—Changes in drag dune to method of supplyiog air to ar
ashausting [t from Interlor of wing. Slot at 53.9 per cent chord from
L. E., slot open 0.667 per cent chord

(e+6)=1. Since, for values of O and O of the same

magnitude as those used in this investigation and at

the small angles of attack, A»’/ and sin (x-+6) are both
small, we may let 0p=0C;, without infroducing an
appreciable error in the results. Figure 28 shows
that at small angles of attack there is very little
increase in lift obtained by increasing the volume of air
flowing in through the slof 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 lift coefficients shown in
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Figure 28 were determined by the relation given in
Reference 17, the angle of zero lift being obtained
from Munk’s integrals. (Reference 18.)
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SYMBOLS USED IN APPENDIX I

V=velocity of the airfoil through the air.
Ay =change in the velocity of the air which is
taken into the airfoil.
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Ap," =component of A, in the drag direction.
Ay’ =component of A in the lift direction.

Ayy=jet volocity of the air flowing out of the
airfoil.

R, =reaction produced by air flowing into the
) airfoil. :
R,=reaction produced by air flowing out of
the airfoil.

Uz = R, reduced to coefficient form.

Cra=R,; reduced to coefficient form.
ACp;=component of Cp, in the drag direction.
ACL; =component of Cp, in the lift direction.

. ACpy=component of Cx; in the drag direction.
ACL,=component of Cx in the lift direction.
p=pressure difference maintained inside of
the airfoil which induces the air veloe-
ity in or out through the slot.

AP =the additional pressure difference required
to replenish from, or discharge into the
atmosphere, at a velocity with respect
to the airfoil, the air which flows in
or out through the slot.

ACp=AP reduced to coefficient form.
ACps=change in the coefficient Cpy produced by

AC».
Op’ =total drag coefficient.
(' = total lift coefficient.

Cpo & Cipy=coefficients of the forces acting on the
airfoil other than those due to the air
which flows through the slot.

LaNGLEY MEMORIAL AERONAUTICAL L/ABORATORY,
NatronaL Apvisory COMMITTEE FOR AERONAUTICS,
Lanauey Fiewp, Va., November 26, 1930.
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'ZiE‘ABLn II.—N. A. C. A. 84-M PROFILE; NO SLOTS; AVERAGE OF § TRIALS
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Taszx III—N. A. C. A. 84-M PROFILE; SLOT 13.1 PER CENT OF CHORD FROM LEADING EDGE; SLOT OPEN
0.167 PER CENT CHORD
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TasrLe IV.—~N. A. C. A. 8¢-M PROFILE; SLOT 13.1 PER CENT OF CHORD FROM LEADING ]mDGE SLOT OPEN
0.338 PER CENT CHORD
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{ .
Tapts V.—N. A. C." A. 84-M PROFILES; SLOT 13.1 PER CENT OF CHORD FROM LEADING EDGE; SLOT OPEN
0.500 PER CENT CHORD '
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Taste VL—N. A. C. A. 84-M PROFILE; SLOT 13.1 PER CENT OF CHORD FROM LEADING EDGE; SLOT OPEN
0.667 PER CENT CHO ,_
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c 0.0018 | 000 | Lo 1230 | 1.88 1510 180 | Ler | Leer | Lue | L2
Pres- o -0i32 - 0151 - 0208 o481 | 078 " 1039 %3 | L9080 | L2730 | B4 - 810
surem Cos 10040 - 0061 o071 008 | Loom - 081 ‘o084 | -oose | -ooer | - © 0080
1Cr | CotCon Q181 10213 L0387 ooed | Cosas ‘1% e | catee | .e817 | .shee | ead0
10048 - 0061 >0071 L0078 | o077 - 0081 o084 | [ooss | o087 | .ovme | <oos0
c 0080 | oermo | Las Las | Leaw 1780 1870 | Lod2 | Loo¢ | Lz | Lz
Pres- o . 0036 - 0054 i 10208 | 0460 0804 Thge | L1638 | L2490
suree Cos o8t Joiel T0178 ‘o188 | 0100 : 028 | losis | Lozl | .oles | .owen
2Cr | CptCos 0103 <0216 : o481 | -0680 10898 e | L1843 | Joeel | o :

- 0081 - 0089 000 | looes | low2 010 | -oio7 | .ows | . R
c 0.1610 | 08400 | 1482 17 | aon 2.200 2405 | 2544 L | Lo
Pres- Co - —038 | —0188 | —o033 | .08 . 0256 L0830 | .70 a0 | e300
- Cog R o778 : 0817 4 [08%7 10878 10%02.| .0818 |Unstable] L0871 | .0810
6Cr | Cpi-Cos - 0367 L0437 - 0631 0784 | L0840 1184 1441 | .le2s B | 7200
G toizd “01%0 <0180 o138 | o130 Lo oo | o loi4s | oo
¢ | osges | oeso | eso Lees | 220 2,561 270 | 2473 Lre | L
Press- Co -0 | - SesaL | - 0310 | —00m1 | 1000 : - 9030
urem Cos - 2063 - 5000 <2138 o7 [T - 2278 2305 | 2378 |Unstable| - 9960
12Cr | CotCos 21063 ‘118 - 1885 1617 Ty Teme | laers : *5200
Ca ‘o i $0I78 jo181 [TTéiE 0180 ooz | lows ome1 | -0




WIND TUNNEL TESTS ON AJRFOIL: BOUNDARY LAYER CONTROL

463

TapLeE VII.—N. A. C. A. 8-M PROFILE; SLOT 32.556 PER CENT OF CHORD FROM LEADING EDGE; SLOT OPEN

0.167 PER CENT CHORD

-3
In dagrees -5 0 . 9 12 15 18 21 M _ o 0
t"nﬁoﬁ‘?ﬂ Cr. 0.0220 | 0.6780 | 1180 1.880 1,458 1520 1.540 1480 1180 1142 L243
ot Cp . 0210 L0254 . . 0640 . 0850 . 1220 . 1630 . 4620 . . 7400
i CrL 0.0415 | 0.7100 | L2I0 1480 1620 L7230 L1758 L1174 L1139 LM8
| guctton Cp 0252 .0280 0408 0548 .0t .1048 . 1488 . 5150 . 6250 1570
| =80 Cps .013¢% . 0138 L0131 . 0126 R 0128 .0132 |Unstable, .0141 0130 0141
i r Gn-sfps % . 0415 0639 %7& . 0848 01(1];{ .sgg : .B291 % ﬁ
: . . . . . - . P . .
. o - ‘
| Cr L0311 | 06940 | L228 1440 L1540 1633 L1610 156 , LI 1160 L248
| Sgetfon Co 0231 0265 0398 0527 . 0817 1078 . 1818 L2870 | 5200 6230 L7640
pr g Cb& 0022 . 0018 . 0014 . 0014 .0018 . 0015 - 0018 L0020 | .0019 . 0018 .00i6
[ r CpE £73 0253 . 0253 (410 0541 0830 . 1090 . 1838 . 2890 . 5219 . 6248 . 7658
.} 0011 . 0008 . 0007 0007 - 0006 . 0008 . 0008 0010 . 0010 .0009 . 0008
Statle Cr (U 0.6430 | 1183 1352 L 406 L1453 1535 1485 1.180 L 150 27
Pressure Cp 0345 . 0250 . 0393 . 0563 . 0387 . . 1860 - 2635 . L6170 .T4T0
G —0.0080 | 0.6370 | 1.180 1.352 1413 1,453 L5645 L 518 1.168 L 150 1958
1 C Cos . 0011 .0011 L0012 0013 . 0012 L0011 0011 . 0011 . 0012 0011 L0012
4 cnaam 0227 . 0255 0326 0543 . 1220 1581 . 2656 N il . 141 .T492
0011 0011 .0018 .0018 L0012 1 L0011 0011 .0011 . 0011 .0011 .0012
Ci —0.008 0.6350 | 1185 L3861 Ldd5 1835 L3570 L 508 L158 1130 | L288
Co .0203 0231 0370 0510 Reriig . 1038 . 1487 -85 . 5000 . 6040 7520
T2 C, cp& . 0028 - 0030 0033 . 0033 . 0033 .0032 0032 . 0030 .0031 . 0030 0032
P | Co+Cos .0232 . 0261 . 0408 . 0648 -0830 L1128 .151¢ . 2075 . 5081 6030 7552
i Gy 0015 0015 . 0018 . 0018 . 0016 . 0018 . 0018 . 0013 . 0015 . 0015 L0018
g; 0.0181 | 0.6820 | L25C L470 1605 178 1830 L620 L158 1143 1258
Pressure D . 0168 0104 .0328 0456 . 0682 L0054 L1422 . 2360 4540 . 6030 L7490
ey A c»& 0160 .0162 0185 0165 0167 o107 0165 L0164 0102 - 0161 0161
: * 1 Cp+Cos . .0358 . 0488 . 0621 . 0820 1121 . 1587 L2524 . 5102 6211 . 7051
; Ca .0027 . . . . .0028 0028 .0027 .0027 . 0027
{ Cr .0570 ¢ L1842 | L6 1800 1.950 2045 1567 1148 1170 1258
| Pressure Cn . 0036 L0119 L0268 L0415 . 0602 087 . 1205 . 245 . . 590 L7430
[Ty Cuz' 0473 L0482 |, 0489 L0494 0497 0497 L0497 .0490 0478 L0458 .0482
H r cn-z"m 0550 .060L | 0785 . 0000 1 L1284 . 1702 . 2835 5378 L6448 .12
1 . S0040 | .0041 | oodl | - cod2 | Jood2 | .04l )} . N -0040
H ]




464 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TasrE VIIL—N. A. C. A. 8¢-M PROFILE; SLOT 32.566 PER CENT OF CHORD FROM LEADING ¥DGE; SLOT OPEN
0.333 PER CENT CHORD s

o e b . :‘.
in degress ] 0 8 ’ 12 15 8 21 % ] _
No flow G » . {
/9 0. 0080 0. 6550 LI1e8 | L878 | L4564 | L530 | LS89 | L472 | LIM | L 1,250
through és <0220 0251 0088 | .0542 | 0824 | L1l7s | L1620 | .26%0 | .4sd0 | . & | 5%
Cr 0.0470 omeo | a0 | 1ss | x| reoe | 202 | zom [ Lo | Lus | Las
Suet Co . 0304 . 0327 L0487 | 0382 | L0745 | .0oe8 | L1818 1772 4910 | .6000 [ 7330
ol Cos .| .0807 .0202 .0280 | .0280 | .0280 | .0286 | .0206 | . . .3 -8
? CDECDS L0611 - 0810 Jo7er | .0862 | L1025 | .IZ64 | 1600 208 | .8 o4 | e -
. 0051 - 0049 L0047 | .0047 | .0047 | .0048 | .0040 | .0054 i . 0062 | 0061 :
13 0.0410 0.7030 1285 | L485 | LeB8 | Ly | L L1180 ;LM | L '[
Suetion Cp . 0250 .0273 . L0520 | o718 | L1038 | 1501 4870 | s | . \
iy Co - 0044 - 0087 .0082 | .0028 | .0028 | .0028 | .0033 |Unstable| .0049 | .OM& | .
? | CotCos . 0204 .G810 0428 | (0887 | (0741 | 1084 | (1534 010 | Le008 | .
Ca . 0022 - 0019 0016 | .0014 | .0014 | (%014 | oor7 0025 | .0024 | .
ol
Static ¢ | —0.0210 0. 5080 1096 | 1204 | 1839 | L418 | 1810 | Lsa | n1v0 | L9 Ly
Co L0211 . 0284 0871 | .ose0 | .0BGD | i | Classe | 2ds0 | L47e0 | B0 | LMk
Pressure Ca . 0015 0021 0025 | .002¢ | .0023 | .0023 | .0022 | .0021 | .0028 | .oomd | o5
Ce —0.0210 0.6000 Lize | 1330 | L440 | L858 | L74 | Lest | Lies | Lue | L
Prossure Co | .o L0204 | Clo32¢ | T.o7e | .o7e0 | 1ol | L1348 | 2333 | T4e30 | o7mo | : .
o ¢ - 0029 - 0088 .0036 | .0036 | .0036 | .0036 | .0084 | .0035 | .0o35 | .om35 | . i
? | Co+Cos L0212 . 0287 0360 | .0612 | 0776 | .i047 | .1384 | 2368 | .485 | .S15 | .TiI7 . .
Ca . 0028 .0033 .0038 | .0036 | .0036 | .0036 | .0086 | .0035 | .0085 | .0036 | .0G3F ; -
& 0 . 0.8410 Ler | Lae | usr | oLm2 | ness | n7s | L0 |, L g | L |
Prossurs .0130 . 0162 L0287 | o417 | CL0bG4 | (R | w8 | (2040 | L4p00 | . . X
il &5 . 0080 - 0082 0088 | .o0s8 | .0os¢ | . Jomr | Coose 0088 ;. .
? cp-&cp, 0218 .0244 0975 | .0505 | .0o83 | .om17 | (1244 | (2129 | (dsss | © g |
. 0040 | . 0041 L0044 | L0044 | L0045 | 0045 | .0046 | 0045 0043 | . S04 '
— - - T : ; =
Ce 0.0830 ; 0.7700 1890 | Less | Lsgo ggo 2280 | 2870 | 1100 | L1185 | L
Cp —0018 | .0012 .08 | 0308 | o4t | oent | osez | Tiliss | 4w | lE . ;
e Cb, L0388 | .(308 L0407 | L0413 | L0412 | L0420 | L0422 | 0424 B401 O-Ig | . i
? | CotCos - 0869 . .0565 .| .0715 | .0888 | 1031 | . . 1608 6121 | .06 | .fe8
Cu 0.1550 08060 | 1508 | Lsoa | 218 | 2380 | 240 | 2406 | 128 | ram | Lame |
Pressura Cp —0272 | —028 | —.0080 | .0105 | .0285 | .0442 | .0043 | 1480 | L4850 | (X0 | .Ewm0
iy Cos . 1078 . 1008 J10 | .18} Lu20 | L1188 | .12 | .16 | L1098 | .008 | C1100 |
» Co.Cos . 0807 . 0872 1050 | .3218 | .1385 | .18/ | .2085 | .2008 | .5052 By .80
) . 0020 . 0091 .0003 | .0093 | .0003 | .0085 [ .0095 | .0086 | .0093 | . w2 : =




WIND TUNNBEL TESTS ON AIRFOIL BOUNDARY LAYER CONTROL 465

i

Tasre IX.—N. A. C, A. 84-M PROFILE; SLOT 82.55 PER CENT OF CHORD FROM LEADING EDGE; SLOT OPEN
0.506 PER CENT CHORD

a . -
mae‘/mg —8 0 s 9 12 15 I 18 a 2% ar %0 i
ggo%'; L a.o181L | 06820 L 205 1380 L465 | 1838 , L5 | Lam | Lo | L1 | vass
ey Cp 0224 . 0260 . 0400 . 0557 0843 L1196 | L1670 . 2860 . 5070 . 6210 . 7400
7 _
& 0.0670 0. 7200 L1345 185 ' L0 L0 | 2130 | 2200 1.160 1160 L2786 T
Sactlon Cp (330 0357 L0497 . 0642 0815 . 0030 L1242 18 [ L5200 . 6500 . 7820
) Cos . 0388 (374 . 0358 . 0371 .0378 L0396 | .0433 .0580 . 0543 . 0542 _
* | Cot-Cos .0718 0731 . 0855 1016 [ .1I88 .1358 . 1638 .08 . 5780 .7043 8361 _
1Ca . 0065 -0082 - 0060 .00a2 .0062 . 0063 . 0072 | .0003 . 0091 0090 .
: .
CL 0. 0570 0.7300 | . L3190 1620 1.633 1.700 1870 1132 L1150 1]
Suetian - Cp . -0263 . 0258 . 0420 . 0558 R JIm6 L1 . 5200 . 6350 . 7830
— O Cos L0087 . 0049 . 0044 .0043 .0039 .0039 .0046 |Unstable| .0067 . 0082 .0078 __
? | Cp4Cas 0320 . 0387 L0464 . 0601 0780 JINE | L1494 .5287 L6432 [ 7808
t Ce © L0038 . 0025 0022 L0022 L0019 .0020 . 0043 . 0041 . 0039 e
5 "G —0. 0260 0. 5570 L105 1.285 L3I8 L452 | Ls80 1550 L1120 L150 1280 .
tatic Cp - G205 02265 L0871 0612 L0923 .1220 . . 2125 L4940 . 6040 - T470 _
CL 0.0130 0.6020 L 164 1.380 1512 1.674 1820 L87T L1258 1150 1260
Preasure Cp .0135 0161 L0241 L0424 L0674 | .0s03 1192 L1687 | L4840 . 5050 . 7300
il Cos L0050 - 0056 . 0060 . 0069 - 003 0058 . 0059 .0038 . 0065 . 0057 L0059 _
* | <pt+Cos . 0185 L0217 . 0351 . 0488 . . 0951 L1251 1745 4098 . 6037 7350
| CL 0. 0390 0. 6870 L 278 1.530 1.706 L872 | 205 2,000 1148 1184 1.280
Pressare | Co . 0062 . 0088 L0223 . 0847 . 0530 . 0735 1033 L1438 .4810 L5850 | 7300
—2 O Cog .0130 0139 . 0148 0148 J0i4d | C0145 0147 L0148 .0128 L0142 | 0142 -
r C'pi;‘cp. 0102 0237 . 0360 L0493 . 0674 . 0880 <1180 1576 4968 L8122 JTA42
. 0085 . 0070 007 .0073 007 | o078 L0074 0074 - 0064 L0071 L0071
C 0. 1630 08300 1.5101 1.805 2.100 2340 [ 2300 2.450 1234 1205 1.286
Pressure Co —. 0249 - —. 0035 R . 0268 0447 . 0025 . 1877 L4810 | o s0%0 . 7260
a8 O Cos . 0633 0853 . 0857 . 0647 . 0858 . 0862 0670 .0838 . 0626 0640
r Cnacu 0384 . 0458 . 0622 0787 . 0015 . 1105 L1887 | L2047 5478 .6588 . 7000
. 0106 . Q109 0110 L0111 .0108 L0110 0110 LOU2 [ (0107, [ .0106 .0107
(/3 0.2540 0.9500 1670 2021 2.330 2. 580 1710 1585 1304 L374
Prossure Co —. 0803 —. 0851 —~. 0469 —.0312 —. 0152 . 0160 . 1010 .4620 L8020 . T260
Ry Cps L1710 . 1740 . Tr49 1787 L1702 L1719 |Unstsble| .1719 1700 . 1692 1700
» cn-&cu 107 1039 . 1250 L1445 .1550 L1878 W] . 6320 2 | L8060 -
.0142 . 0145 . 0148 0146 L0142 0143 L0143 0142 .01 0142




466

TasLE X.—N. A. C. A, 8¢-M PROFILE; SLOT 32.55 PER CENT OF CHORD FROM LEADING ,EDGE; SLOT OPEN

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

0.667 PER CENT CHORD

a
In degrees -6 0 6 9 I 12 15 18 21 73 \ o 30
| T
Nofoy | & 0.0180 | o0.6580 L208 | L38O , 1471 | L&s | Lo L ‘e | Lzed
slo“tl Co . 0287 . 0262 L0398 . 0544 L0831 | .1203 L1660 | .10 | . ; 800 | L7810
1
g; 0.0850 0. 7400 1.330 1603 1780 2,010 166 | 2246 L 208 xéﬁ 1207
Suetion 23 . 0349 L0381 L0816 . 0662 L0831 L1004 | .17 | .16%8 | 530 Ted10 | L7000
28 Or Cos L0448 0425 L0402 L0427 L0446 | .o0d66 | L0487 | 0825 | . 0580 | .06G0
Cp + Cps L0795 . 0806 L0017 L1089 . JiZrr bo.1489 | 17U .2183 jmom | 8500
Ca 0074 L0071 . 0087 ~0o71 L0074 | 0078 | 0081 . .ofte | Iolio | .o1l0
1
Cr 0. 07560 0. 7440 1.830 1,492 1647 1819 1910 1,744 1,160 L1 1266
Saction Cp . 0264 L0208 . 0422 . 0850 L0731 | L1010 | L1400 | .2000 L5100 | . gg L7640
=8 Cp C:‘ﬁs . . 0056 L0047 .0048 L0046 | .0048 | .00GB | .o0087 | .OLI& | . L0100
Cp £ Cos L0381 L0350 0160 . 0508 .ot Lo.1088 | (1458 | 2087 | (B34 .CED | L7740
Ca . L0028 . 0024 . 0024 .0023 | 0026 | .0020 | .0048 . 058 | L0049
Static Cr —0. 0810 0. 5220 1077 1. 208 L1200 | L4dl 1. 565 1.585 1.135 L1y L 236
Pregsure Cs . 0191 . 0220 . . 0609 Lo | 1188 | L1 Lo408 | L4700 | 8000 | L7280
Ca . 00338 . 0045 . . 00490 L0049 | L0050 | . L0080 | . L0054 . 0057
cr —0. 0. 6050 1,164 1.389 152 | L7028 858 1040 L 140 L1k 1L 245
Pressure Cp . 0103 L0127 . 0281 L0377 L0583 | . 164 | L1578 | L4800 | LE00 | L7180
o Chos 0062 L0074 . 0074 L0076 | .0078 | .00T0 .0080 | L0078 | L8 | L0077
Cp -+ Cos L0165 0108 . .0328 . 0451 L0850 | .o870 | . 1856 | L4985 | 5076 | L7267
Ce . L0074 . 0074 L0076 | L0078 | L0080 | L0005 | L0078 | L0077
T
(3 . 0540 0.7130 1200 1.535 1744 | Los8 | 2080 | 2165 Lﬁg’ L1488 1.240
Pressure Dp . 0005 L0034 .0167 . 0284 L04d2 | o631 | .ocos | .1218 | . L6880 | L7180
0 Cos L0160 L0178 - 0181 L0184 L0187 | .o1e1 ; .o105 | .o108 | .0188 | .08 | .0190
P C"Ec” . 0165 0207 0348 . 0408 . 0629 L0822 L1101 L1414 . 5003 LB0d4 . 7370
. 0080 . 0087 . 0091 . 0002 L0093 | .0086 | (0097 | . .m[ L0092 | .o0od
CL 0.18607]  0.8040 .57 1,845 2140 | 2400 2495 | L2 ,rx.w 1.302
Pressure Cp —. 0308 —. 0354 —. 0188 —. 0050 L0103 | .0300 | .1080 L1314 | . e | L7010
iy Cpa L0778 . 0200 . 0808 .082¢ .0843 | .0852 | .o67 [ .o0se3 | . LB | .02
P | Cp+ Cps . 0884 . 0448 0622 0770 . 0948 L1182 L1637 . B2 1 Leno .
Ce L0180 . 0183 L0185 L0187 .0240 | -o0142 | .o0148 ole | .0us | .GI37 | L0187
CL 1082 1,788 2,005 2400 | 2880 | 28% 1.950 1693 ! 1364 1416
Pressura Cp —~.1014 | —0980 | —.0700 | —.0638 | ~—.0458 | .0180 o088 | 4350 | Lm0 |
12 O, Cos . 2090 L2120 L2143 .80 .ns2 | .25 | .20 | .2202 | .70 . %00 | .2160
P! Cp+ Cos . 1085 L1160 L1388 L1827 L1728 | 2858 fleeeeeo.e L5187 % L0 | L9230
Ce L0175 L0177 .0179 J017% 0182 | .0 L0188 | .o184 | . . .0180 | .01%0
LT




WIND TUNNHEL TESTS ON AIRFOIL BOUNDARY LAYER CONTROL 467

Tasun XI.—N. A. C. A. 84-M PROFILE; SLOT 53.9 PER CENT OF CHORD FROM LEADING EDGE; SLOT OPEN
0.167 PER CENT CHORD

|
(-3
InaSrees | 0 0 6 | o 13 15 18 n % 7 E
Noflow! ¢ | oosto | Gog0 | 120 | Lars | Lao | ns8s | LG5 | Lasz | L1 | 118 | L
roug G -0712 | -0247 | 0880 | Oz | 0mO0 | .Ima | 100 | .m0 | .4ssa | 6120 | 74l
G |oom |omm im0 | Lo |Les | ien |oLms | i L | Lzs
Snction 3 .0z8 | . . -os87 | oo | .ns2 | s | “6100 | .75
Suction | Cpg | laas | -oms | -ouo | Col7 | Cols | low4 | lois | l0i% |Unstable| iz | lonis
Cos | oast | oass | losme | loosé | © a8 | et [ 2008 ez |
) oom | - ‘e | : X Zoezm | ooz oo |
C. | 0050 | o700 § Losk | Laar | nsez | Lsss | Lass | Lam L0 | 128
gaction | C3 .ozi8 | oo | osss | Cosis | om0 | Limse | aeos | zmo -6060 | 75
Buctlo G too9 | Comz | loms | Coorr | Coorr | Coots | loos | Coois |wmstents| o7 | loais
* | CoiCos | lomr | lozes [ omi | lom2 | lore | im | llem | lgms o | lmess
“o0t0 | o008 | oooe | oo | Zooo8 | oo™ | oooe | Cooos t008 | oocs
statte | G [ ooss | oeeo | 1 | 1ao | ras | 1m0 | L0 | Las L | o
patlel & “ome | 020 | ose0 | .om8 | .0sis | 1163 | .1&8 | 3660 |Umstable| .60 | 7820
G [ oo0m20 | oemo [ Lms | 135 ! iao [ i [1ms [ 1w | im | Lmo | Las
Pressure|  CP .0201 | .0z4 | oave | 050 | 0ves | .08 | .18t | .ario | . -e00 | 17450
TSR] oCms | oo | looid | Coomo | Cooes | odes | oo | oo | Zoow | loow | oot
* | ooglos | oo | ot | loms | loms | lome | ooy | lms | lmw | ‘e | Iris
Zo00 | Coowo | oo | oo | o000 | olooe | Zoolg | om0 | Coom
Go | cowe | g0 | Loor | vraes | Leez | Les | sz | s | Lies | Lix | Lams
Presure| OB -oi96 | 0223 | oseo | oexr | oo | ess | eo | amo | s | s | s
SO P | s joms | Coom o | oo ¢ oloomr | ol | oo | e | oom | oo
" | ol toza | o1 | loass | oms | lorar | liow | Imms | lmae | ldse | lmw | l7us
fou3 | loom | leass | ~0014 : oo | loons | oo |
G | oosw | oo |ramo | reso | res | Les | ress | s | Lim | L | Lzs
o -0 .0188 | oo | o [ - “ost0 | iemo | . S600 | I7aso
THO| e | cos | 0 forar | Cows | Corer | lows | loms | loms | lois | o |
P | CotCps | (02 | lomi | loarr | oo | lor | lios | lwm | zsas | e | ;s | 7oms
Ce G024 | oo | oo | - toozs | too | oom | Lo | ot
¢ |ooms | o7 | vaso | 1eme | e [ ro | rzs )i |ium | L0 | Lms
Prestire . .02 | o2 | oass | -oezs | .omxz | i | ame | . e |
Prestte | oy | - foes¢ | om0 | lodst | Coso | lamay | - oy | ez | lum
*| CotCos | ‘031 | Cose0 | ‘oma | leser | liom ! im0 | lmee | lameor | lmm | lear | Iz
Ca loc36 | o036 | 0036 | .06 | -00as | 0036 | - : : : 0035




468 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS ' .

TasLe XII.—N. 4. C. A. 84-M PROFILE; SLOT 53.9 PER CENT OF CHORD FROM LEADING EDGE; SLOT OPEN
0.333 PER CENT CHORD

[- 4
In degrees 6 0 6 9 B |18 18 21 o 7 %
| - .
| No flow a 0.028 0.678 1212 1384 | Last | L5 L&t L L17 L13 L
gf Cp 0218 . . 0383 058 | Lom7 . L1 .27 . .8l 750
: cr 0.085 0.756 L350 | L0 | L7es | 1090 | 1640 | tsz 1142 | L
Suctlon | © P . 0288 L0319 o461 | 0600 | o777 | .oms3 | 2080 | L2828 a1 | .
jary; Chs 6300 | . .0206 L0208 | .0304 | L0814 | .0322 | .087% | ..0870 |Unstable| .0371 | .
? | Cpt-Cos . 0588 . 0615 co7e0 | 0004 | 1001 | o126 | 2432 | .2k Y VI
(o L0050 L0049 005 | .005L | .0062 | .0054 | .0062 | .0063 . .
CL 0.0725 0. 7420 1805 | 116 | Less | 185 | Lb7E | L500 L1238 | L
Suctl . Cp . .0238 . 0253 L0405 | . o719 | ooz | Lk . L6130 | .
| BUGOR | Cbs . 0046 L0044 .0038 | .0038 | ,0040 | .0046 | .0057 | .0057 |Unstable| .00d0 | .
*2CP | ¢p1Cos .0278 . 0207 (0443 | o578 | .ove9 | .1038 | .2041 | .2847 . L8179 | .
- Ca L0023 L0022 L0019 | Jo0019 | .0020 | .0028 | .0029 | .0020 - .
Statlo Ce —. 0018 0. 6120 1158 | L295 | L4 | LT gro | L1500 | 1108 113 LA
Co . 0195 . 0228 ) L5600 | L7680 1763 | .9me0 | L . 5980 Ef%
Pressure Ca 0017 . 0021 0020 . 0019 . 0021 0017 0018 . 0024 . 0024 .
- Ca ~0. 0080 0. 6270 1192 | 1878 | Lo | 1735 L0 | L& 1168 | L13s L
Pressare Cp . 0161 L0187 0817 | o480 | 0628 | o810 | .1650 | .2680 | .490 L6380 | .
s Cog . 0081 .0083 .0033 | .0033 | .00B3 | .0033 | L0032 | .0033 } . 0036 | .
? | Cp+Cos . 0102 L0220 L0950 | .0463 | .0656 | .0843 | .1682 | .2000 | .4036 | .c016 %7
Ca .. 0031 . 0034 L0033 | .0033 | .0038 | .0033 | .0032 | .0083 | .0036 | .0o36 | .O0B7
CL 0. 021 0.670 | 120 | L400 | Leso | L8 | Lé7 . 1168 | Liss | L9f¢
Pr o L0118 . 0146 L0200 | Tlod1s | CLos87 | Lorrs | I1700 4930 | Leoo0 | A0
iy Cos . 0083 . 0085 L0085 | .c0%6 | .07 % 0085 |Unstable] .0088 | .0088 | .
P | Cp+Cos . 0201 .0231 L0375 | .0501 | L0874 | . . 1786 .5018 | .6088 | . Yéd
. 0041 . 0043 L0043 | 0043 | .0044 | .0044 | 0043 L0044 | 0044 | .O0M8
Cr 0. 1080 €.7950 1430 | 1709 | Less | 220 | 230 1100 | L1%o 1358
Pressare Co — 0040 | —.0010 L0154 | .0310 | L0489 | .0883 | .0948 L4030 | . L7370
iy Cpa . 0368 . 0400 L0402 | .0408 | .0410 | .0417 | .0917 |Unstable] .0407 | .04 Ot
’ cpz;am . 0358 . 0300 .0586 | .0716 . 0890 1100 . 1365 . 5337 . G458 L7784
¢ . 0068 . 0067 .0067 | ".0088 | .0068 | .oD6® | .00B L0068 | .0068 | D069
C 0. 1860 0.8800 L5M8 | L8® | 2160 | 3410 | 2540 1240 | L0 | L8
Pressure Co —0207 | —.0246 | -—.006L | 0110 | .0287 | 0505 | .0880 L5000 | . . 7480
ALY Coa L1102 L1119 Ju7 | o.ie | L1122 | 138 | .14l |Onstablel (1118 | (1% | 126
P | Cpt-Cos . 0805 0873 (1066 | L1220 | .1409 | .1643 | .20m .6u8 | .M | .3606
Ca . .0092 - 0093 L0093 | (0083 | .0004 | .0095 | -.0095 0083 { .00%4 ! .00




WIND TUNNEL TESTS ON AIRFOIL BOUNDARY LAYER CONTROL

469

Tasre XII.—N. A. C. A. 84-M PROFILE; SLOT 53.9 PER CENT OF CHEORD FROM LEADING EDGE; SLOT OPEN
0.500 PER CENT CHORD

a
In degrees -5 o s 9 12 15 18 a1 o 2 30

m Ci 0.0260 0.6230 L220 138 1469 [ Lms | Laww | Lest | Lo | L1 | Law
Fs Co .0213 . 0249 - 0858 . 0582 L0784 | L1232 | 1978 | Lamso | B0 | .e190 | .7eso
Cr 01010 0.7780 1384 1.636 1885 | 2050 | %105 L24 | LIT0 ; L2653
Suction Cp . 0308 L0341 L0485 L0834 o706 | oMt | 1178 L8000 | .e100 | .7TEQ
v Cos -03s8 .0378 -8 S0417 -3¢ | (0442 | (0478 |Unstable; .0%60 | .0558 | .0554
? | CotCos - 0834 .0719 - 0883 -1061 120 | .18 | - 5650 | .6748 | .8osd
Ce -006£ -0063 - 0066 - 0000 L0071 | .00 | . .0003 | o093 | .008%
C 0.08%0 0.7620 1328 L.561 L7380 | LS80 LS | Lse | L1788 | LI | L27
Saetion Cp . 0248 L0278 . 0408 - 0567 .0m2 | L0047 | o1s61 [ .2990 | .5000 | .6 -T7i0
i Cos - 0058 -0056 - 0055 . 6056 L0054 | .0067 | .0088 | .0095 | .oos9 | . - 0083
? | CotCos L0304 -0832 .0468 .0878 .06 | .1014 | .1654 | .3085 | .&I7T9 | . ST
Ce 0020 0023 .0028 L0028 L0027 | .0023 | .0047 | -0048 | . . .0041
Static C: —0.0340 05920 L 113 1.258 Ldn | L2 | L2 | Leog | L1 | LI | Lo
A Co . 0158 L0214 L0351 . 0531 o787 [ L0038 | T.1ess | T.2ss0 | . L5 | U760
pressur Ce 0028 .0034 .003L -0030 L0020 | .00 | .o031 | -oo34 | - J004L | C00d3
%3 —0.0080 0.6330 126 1437 1687 | L7 | Leri | Lse6 | L1s6 | 1185 | L0
Pressure Co L0117 .0139 . 0274 .0412 L0563 | L0783 | C16%8 | L2500 | .4%60 | %0 | L7310
resey Chs - 0040 ~0053 L0052 .0052. -0053 | .0058 | .0053 | .0053 | .0085 | .00%6 | .0068
P i CptCos L0165 L0182 -0326 -0dfe L0846 | L0848 | .I68L | .2843 | .4915 [ .6008 | .7368
Ce -0038 . . - 0052 L0063 | .0088 | .0053.| .0053 | .0036 | .0056 | .008
Cs 0.0460 0.7150 L3l 560 L76T [ Loa2 | 2036 | L&6 | L156 [ L1438 | Lass
Pressure Cp . 0042 . 0065 - 0319 . 0368 0556 | .O7és | L0989 | .Ms0 | .40%0 | .00 | .7de0
iy Cos L0127 L0133 -0131 0134 L0135 | .o | .0135 | .o134 | .0187 | Towse | ome
r Cp-lc-nC'ns 0160 0198 . 0350 0300 0691 . 0881 124 .14 5087 6070 . 7502

i - 0064 - 0066 : . <0063 | .0068 | .0068 | .0067 | .o008S | . .

1

ct 0. 1570 0.8570 1498 1750 2070 | 2815 | 2440 | L70 | Laig | La2mp | 1335
Pressure Co —0250 | —.0207 | —0024 - 0151 L0334 | “.0s20 | o8t0 | 9320 | .agwo | .sws0 | .7ae0
v Chos .0613 L0624 . 0823 . 0628 0635 | .0638 | .0645 | .0632 | 0628 | .0630 | 0652
? | CotCoe .0383 0417 . 0508 ] <0069 | .17 [ .1815 | .3152 | .5698 | .6560 | .s8042
Gy .0102 - 0104 0104 -6105 0106 | .0106 | .0107 | .0105 | .o0105 | -.o0105 | .oloe
a 0.2610 0.9890 Lere 2.010 23% | a5 | ATy 128 | L320 | Lass

Prossure Co —.0705 | —.0638 | —0487 | —0280 | - 007 L0188 | 0285 5000 | .e120 | .
iy Cos . 1650 . 1870 . 1675 - 1689 (1700 | .1702 | 173 |Unstable) .1682 | .1687 | 1700
» CnaCm . 1032 1238 1430 Jem | .18 [ L1977 -6632 | .7807 | .®430
.08 -013%9 -0140 -o141 J0142 | .0142 | 0143 o140 | ol | Coidm




470 REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Taprs XIV.—N. A. C. A. 8&-M PROFILE; SLOT 53.9 PER CENT OF CHORD FROM LEADING EDGE; SLOT OPEN
0.667 PER CENT CHORD

a
mderees | —O 0 6 0 13 15 18 2 u 7 3
T
Nolok | @ 0.0285 | 06480 | 120 | 1875 | Léars | 80 | 150 | 1480 | L1t | Lizs | Loss
o G .28 | .o247 | loeez | .ob48 | . (122 | Taess | 2830 | ewo | . 7860
Ge 00780 | 0760 | L1290 | 1685 | L900 | 2340 | 228 | L84 [ 1250 | L180 | L3I0
Suction | P (0841 | .0365 | 0802 | 0687 | o763 | .oea8 | 1200 | 840 | (8250 | g2 | 7770
3 Cos o4 | oaso | loa3 | losed | lom2 | lome | loe74 | lome | 0w | loces | loem2
P | coyCos | -lo800 | losis | loe7s | 1B | lIsos-| .12 | 17 | lassd | me3 | lces | m4B3
Ca oor7 | oots | loome : .oo8 | looes | Como | lom7 | loid | loid
Ce 0.050 | 07600 | 1340 | 1e7s | o170 1:%5 Lero | nses | Laas | niso | 1am0
Snctlon | 9P .0263 | ozg2 | los2 | Tosro | oy | léess | ausss | a0 | g0 | e | 700
Suctlon | Clog o070 | looes | looer | [ooes | loozé | lgoso | lome | loxa | lome | .ous | .0n07
Co-Cos 0233 | .os47 | [ode0 | o638 | .os2r | o108 | 104 | aeel | .ss1e | .28 | lywr
Ca 0035 | -.0023 | 0034 | 0034 | .87 | 0040 | 0060 | - ‘o0 | . - 0054
Statle Cu ~0.0810 | ose | noss | 1ms | a0 | Lemm | ness | Less | 118 | Liss | n2s0
patle | & .0185 | 0201 | .oser | .0600 | .0708 | .0R95 | .1s65 | .2620 | .4010 | . L7300
Ca o | oo | .0042 | o048 | 0023 | 0044 | .0049 | looss | - - 0080
for3 ~0.0060 | 06200 | 122 | 1480 | 60 | 1870 780 | Lelo | Liso | Lies | 1388
Pressure| P 20080 0095 | .023¢ | .0864 | 0540 | ozss | 1810 | 260 | 4910 | 5980 | .73%0
rose Cos 070 | o072 | 0070 | loo2 | .08 | .007& | .0075 | .0078 | o077 | .0077 | 0079
*| oofCos | s | lgler ) lgos | g | oo | lomd | s | as | lger | lewr | mA
. om0 | o070 | loorz | low3 | o074 | o078 | loo7s | 007 | lo077 | loom
C 0.0040 | o700 | rass | ve2 | L8 | 2085 | 225 | Leeo | Lat0 | L85 | Loes
Pressure| O —. 0083 L0185 | .08 | 0475 | 0867 | .0893 | .2360 | .40 | 5060 | 7300
ressre| G, o3 | omst | lors | lois2 | loss | Towss | louss | lois4 | oiss | .0189 | L0192
CokCos | .0:40 | o8t | osss | o468 | Coee0 | -oees | llos0 | 2544 | g6 | .68 | lr
Co .00%6 | 0080 | . oot | o . 20004 | C0ce2 | oos3 | o005 | .
a ol | casso | Less | Lss3 | 290 | 2460 | 250 Lap | Laws | Les
Pressure|  CP —.047 | —.0305 | —om | —0070 | o090 | .0S10 | 0988 “dodo | sooo | l7s00
Tessure|  Cos .0812 | .08%6 | .0830 | 0337 | .0844 | .0850 | .0858 |Unstable| .0B40 | .084 | .83
Cot-Cos | 038 | .0431 | 0608 | .0767 | .09 | .1160 | L1818 (5780 | et | a1
o soi35 | o8 | e | loi40 | loi4 | low3 | Lol L0100 | oMl | .0140
Cu 0.2 | L0 | 175 | a1 | 2456 | a7 | 2.8 Lo | 1405 | L8k
Prossure| P —o76 | 102 | —loms | —0gwm | —0a8 | —028 | —.0318 -4900 | 5800 | 7880
e ) a7e | L2108 2202 | 281 | (281 | .20 |Unstable] .10 | .22%0 | ;%
*1 Cod-Cos . 1102 1172 . 1387 - 1584 . 1753 . 2018 1029 LU0 | ,8120 | 9807
Ca .1 | loi3 | lois4 | omss | oies | oiss | .07 o8¢ | o188 | 086

P



WIND TUNNEL TESTS ON ATRFOIL BOUNDARY LAYER CONTROL 471

Tapue XV.—N. A, C. A. 8¢-M PROFILE; SLOT 72.6 PER CENT OF CHORD FROM LEADING EDGE; SLOT OPEN
0.167 PER CENT CHORD

-4
byl a 00620 | 0.7240 | L235 | 198 | L484 | L8O | L56 | La% | L15 | LM5 | Lass
oo €o 008 | L0247 | .8 | o3 | Tossr | lraes | o085 | 245 | . A X
1o 0.0125 | 0.7810 | 1349 | Loes | Leor | ez | 1ges | r1ses | L1 | L1 | rLam
Suetion Co 031 | 026 | 0433 | los85 | [0021 | I1s04 | 2040 | L2830 | L5080 | L8200 | L7710
ucton Cos o197 | ois7 | .o180 | oie5 | 2o | 0205 | -0%03 | Co%o2 | -oiee | .oiss | Loiol
Cn-lc-qu'ns 0428 | 043 ; o062 | [0780 | [ux | 11508 | 2343 | .3032 | sz | .eaes | .70l
‘o033 | looal | losaz | - (0034 | oos¢ | oos« | o034 | 0038 | .0033 | o032
i .
G aowl | 07580 | L8305 | Lo | Ls0 | Lo | Las | L40s | Liss | L1s¢ | L2
Suctlon Co L0187 | 0263 | “s0s%0 | 0660 | .osso | .1280 | 2005 | .a2740 | .o100 | 620 | -78s0 ,
Suctle Cos c008L | 0031 | oGz | oo | .ooel | . 20020 | ‘ooz | ooos | ooz | oo
? | CotCos 0228 | Cosod | o8 | lomes | ogur | I | 2084 | Comee | lmze | lemss | 7re
q 0018 | .o018 i ‘o014 | o015 | o015 | o015 | -oord | .ooia | . 0013 | o012 .
'3 —
Statle Cu 0.0042 | 05030 | 1197 | 195 | Lot | Laso | L56 | vdsy | rus | r1ez | Las
patle éo 0204 | L0244 | -G8 | “losd2 | Corwe | o12i7 | Ixges | Lz | Usn | emo | =
Ca 0005 | .0005 | .0005 | .0042 | o004 | 0006 | .0078 | .0008 | -oo0 | -oow | C-ooz
c 0.0039 | o710 | 1215 | La15 | ness | ravs | rLss | rass | nur | Lz | Lo e
Pressurs Co o018 | .0220 | .ose2 | .oms | .o7in | .iter | . ario | .pito | .go | .rea0 . =
ressu Coa 0013 | o018 | 0018 | 0013 | .0018 | .0024 | .ooi5 | .o01s | o016 | o017 | .00t .
? | CptCos 0180 | .023 | o378 | os18 | o3 | xuvs | 1094 | -ars | omios | .eisr | L7eer —
0013 | 0013 { 0018 | .0013 | .o018 | .ooid | Cooxs | -oo1s | Cooxs | -oorr | Cdoir Tl
103 0.0044 | 07120 [ 1250 | L4zt | Leot | nLaoo : rsm | Lses | L1z | L1 | Lom o
Pressure éo .ole7 | .0208 | . . o7l | L1148 . a0 | iwso | Lom | .70
ressu Cos <0037 | looe7 | looar | lo0st | 0087 | 0038 | .0080 | .004 | 0043 | L0043 | L0044
P | Co+Coa 0204 045 . 0390 0535 L0753 L1187 . 1926 .52 | . .6193 1654
A c0018 | Coo1s | loo1e | .o0m8 | .00 0010 | oo | ooz | loom | ~0022 s
Ci 0.0006 | 0.7720 | 1380 | L1620 | rsé | Lew2 | rems [ rsm | ries | rim | 1Lz v
Pressure Co L0089 | L0147 | T310 | .o4rs | .oems | Jimaz | oames | 2o | Lewe | e | .7si0 y
resen Cos 023 | .oms | loms | ozms | -ozs | .oz | -om7 | Coms | oos [ oo | o2z
? | Co+Cos (202 | (360 | Coms | Coeev | oem | 188 | -moz | .s0e5 | Ceo3 | lesss | L7mss -
==
Ce 00148 | 0.8350 | L45p | L728 | L¢s3 | LS8 | Leds | rewr | L1mm | Lier | L3 o
Cs —002% | .0043 | L0221 | .od01 | .0%e8 | 1142 | . a0 | . L0140 | L7630 =
Pressay Coa coest | o6 | Coes2 | .oss | .oe51 | .ossl | -oesr | - : 0683 | .oee6 .
? | CpY-Cos ‘0615 | loeol | os3 | 1053 | izie | cres | -oess | - o8 | leea3 | .s0a6 e
Ca (0056 | oos | o054 | o054 | -00s4 | -o0s | -ousé | Cooss | o5 | looss [ oose T




472 REPORT NATIONAL ADVISORY COMMITTEE FOR ABRONAUTICS

Tapre XVI—N. A. C. A, 84-M PROFILE; SLOT 72.6 PER CENT OF CHORD FROM LEADING EDGE; SLOT OPEN
0.333 PER CENT CHORD '

7 . - .
L
In Ackrecs 6 0 6 9 12 15 18 2t % b1 30
ggoﬁogg Cr . 0820 0.7210 .28 | 1300 | L4t | 1.532 | 1L.B7 | 1446 | L1z | LI | 1281
ot Co L0214 . 0248 L0877 | Tlg2s0 | iss00 | .1261 | L2020 | .2806 | 520 L8140 | o7e80
Cs 0.1370 0.8250 1.415 | 1660 | L83 | Less | 1608 | 1500 | L1E2 | 1188 | L317
Saction Co . 0287 . 0324 0481 | L0638 | . u%n | . 8020 | .8 . . 7910
¥y Coa L0322 . 0322 L0338 | .034b o358 | .037¢ | . L0384 | . L0376t .
? | cnd-Cos . 0809 L0848 L0814 | 0083 1189 1806 | .2878 | .3404 | .5582 ere | .
0054 L0054 - 0057 0068 | .0083 | . . .
Cr 0.1200 0.7630 1360 ) LSO | L60 | 1584 | Lb45 ; 1.488 | 1182 | L1g3 | 1.201
Suction Cp L0223 . 0282 L0433 | om0 | . JIss | L3020 | L5200 | L6340 | .76d0
" Cos . 0049 . 0046 L0047 | L0054 | . L0059 | 0057 | .0057 | .0054 | .OD68 | .00d7
L4 CDEC'D‘ L0272 0328 L0480 | .0es4¢ | .0008 | .1301 | .2147 | 8077 | .5264¢ | .6308 | .7
L0024 . 0028 0024 | .0027 | .0020 | .0030 | .0020 | .0020 | .00%r | .0027 | .00
5
statle Ce 0. 0300 0. 7000 1194 | vLats | LE12 | L3 | 1538 | L4809 | 1153 | L1168 | 1250
Cop . 203 . 0237 0369 | .o516 | .o7T73 | J1191 | (1932 | .2768 | .b130 | L8150 | .7100
pressure Ca L0012 L0018 L0012 | .oorl | .0014 | .001& | 0017 | .0020 | .0020 | .0024 | .0025
Cr 0.0440 0, 7180 L2718 | 1408 | nLes® | Leto | nses | L4me | 1152 we. [ 1281
Pressure Co . 0158 L0101 0836 | .0¢70 | L0872 | Tiii2s | .is4r | Tovas | Le1z0 | L0180 | L7860
Ay Cos . 0028 . 0029 . L0020 | L0028 | .0030 | .0031 | .0030 | .0085 | .0036 | .0040
? | CptCps .0186 L0220 .0365 | .0608 | .0700 | .1186 | .1872 | .3763 | .8185 | .6216 | .7000
e .08 . L0020 | .0029 | .0020 § .0030 | .003I | .0030 | .0035 | .0036 | .
3 0.0730 0.7650 1338 , L&M | L7664 | Le45 | 1582 | 1520 | L8 | L173 | L2681
Preisure Co L0116 L0162 L0307 | “.odez | T.oees | 1128 | L1841 7 2784 | L5130 | .6150 | .7670
R Cps 0077 . 0080 L0080 | .0081 | .007 | .007 ! .0083 | .omt | . . .
P | CbtCos L0103 .0232 L0387 | .0543 | .O743 | .1205 1922 | .2868 | .5217 | .0287 | .79
Ce . 0039 . L0040 | .0040 | . . 0041 | L0042 | . . L0044
(o3 0. 1580 0.8610 Lag1 | L7es | Lesa | Lsoo | Les | Lot | riee | namo | raie
Pressure || P —. 0083 —. 0016 <0174 | oy | L0520 | Lmiee | Tlees | L2020 | L5160 R
e Cos . 0304 . 0304 20306 | .0808 | .c308 | .0307 ! o309 | .0309 | .0400 | .o0412 | o418
? | CotCos . 0381 .0378 L0570 | .0746 | .0027 | .1828 ! .g364 | .3B19 | .559 | .o64l | 800
Ci 0. 2300 0. 9570 Le82 | 1947 | 2245 | 2130 | L7B1 | Less | L2 | L3813 | 1405
Prassare Cp —. 0330 | —.025 | .—0072 | .01l | L0280 | .1003 | .i9e6 | .o20e2 | 5200 | .6340
ity C'né L1108 . 1108 1S TR S V7 A B 1 T J120 | L1128 | .18 | .28 | J1133
r c»a D8 L0778 <0843 a2 | o1z | . o | ooEe | .41 | .e328 | 7468 | L0113
082 0082 0093 | L0083 0003 | .0008 | .0098 | .0004 | - . . 0096




WIND TUNNEL TESTS ON AIRFOIL BOUNDARY LAYER CONTROL 473 T

Tasre XVIL—N. A. C. A. 84-M PROFILE; SLOT 72.6 PER CENT OF CHORD FROM LEADING EDGE; SLOT OPEN
0.500 PER CENT CHORD

- 3
tn degrees -6 0 & 9 12 15 18 an 24 7 0
N"?&{ Cr 0.0413 0.6920 1.219 1.390 1450 1.53¢ 1528 1472 Lisd L144 L2
P Co 0309 L0246 L0378 . 0515 -0%09 L1242 .185 | .12 L6110 | le110 | 7620
Cr 0. 1180 0.8110 1428 1.685 1.913 1725 1.620 1L®8 1173 1.185 1.306
Suctlon Co L0310 . 0345 L0434 0857 L0820 | J1489 | .2060 | 8110 L5210 | 6410 | T80 —
i Cos -0429 .0448 - 0488 . 0487 ~G511 L0564 | .0mo | .os81 . 0563 . . .0512 -
* | cotCos 0739 ] 0062 i 1340 L2053 | 2839 | .8e91 553 .07 | .8332 B
Ca L0072 L0075 .08 . 0081 .0035 L0004 | 0096 | .0097 J0094 | L0094 | .0002
Ce 01060 0.7720 r.368 1.59¢ 1772 1640 1580 1492 1168 1163 L 285 .
Suction Co 0244 . 0280 L0437 . 0673 L0776 L1345 | L3000 | L5190 L6280 | LTI
i Cos . 0068 - 0070 .0088 0078 .0088 L0102 | .0102 | .0084 | . - 0085 L0070 -
* | Co+Cos .12 L0359 . 0505 L0671 . 0363 L1447 . .80 . 5976 L6365 | L7840 .
Ce 0034 . 0035 0034 L0044 | .005L . 0047 | . .0043 | 0040
Statle CL (1Y 0. 6470 L1152 1.363 1580 150 1565 1492 L142 1158 1258
Co . 0197 0228 . 0350 . 0485 L0800 | ouo7 | L1000  .2810 | . L8130 | (7560
pressure 0020 0021 .002L . .0z | -oow | .03l L0085 | .oode | Coodr |
Ct 0.0210 0. 6940 L8 1520 1707 167 | La0 1510 1153 L1588 l 1.269 .
Pressure Cn L0124 .015L . 0259 L0430 L0817 | L1030 | .1862 | .80 | B0 | .61%0 . TB10 -
o Cos L0044 .0045 0048 .0048 . L0040 | .o005i | .o0054 | . L0085 [ . © i
| CotCos .o1e8 L0197 0337 L0487 L0565 | C1009 | .1018 Jo84 | e o 7067 :
Ca . 0044 0046 - 0048 L0048 . L0040 | .oost | .oos4 | Coosa [ . . =
Ct 0.0650 0.7520 1.360 1620 1.830 L7 | Lesw 1.530 1178 1189 1306
Prassure Co . . 0083 . 0238 L0300 L0538 | (1055 | .1905 | .2%00 . 5090 L6140 | 7860
e Cos L0117 .0123 0125 017 L0127 | o128 | .0132 | (0134 | .013& i .0m85 .| .0i37
P | CGptCos . 0168 .0208 . 0361 0817 0718 L1183 . 2037 3024 . . L9
Ca . 0059 L0061 <0063 * . 0064 0064 | .006& | .0086 | - . . . i
Ct 0. 1760 0.8770 L5837 1840 2140 2.000 1720 1615 | L220 L1282 1400
Pressare Cp —. 0248 ~—.0192 —0017 | L0143 L0319 | (0904 [ .1098 | .3g30 | .5180 | .6330 ; .7930 _
il Cos 0501 L0603 -0814 o610 .06l | .0633 .0632 { .0635 | .oes | .o627 ! .
» cp-é-.qopx 0353 L0411 0597 .76l .00 | 1587 | .2630 | .3665 | .5746 | .e9&7 | .8555
L0100 L0101 L0102 -0103 0103 .0105 L0106 [ .0106 | .0I03 L0103 .0K04
Ci 0.2850 1.008 1718 2.070 2.3%0 4.540 1.870 1.780 13% 1402 1539 =
Pressare Cn —. 0802 —. 0830 —. 0435 —. 0273 —00%0 | .01z7 | 2104 | L3000 | .s180 | .eile L2290 - .
T Cbp, .165% . 1665 . 1681 1692 L1688 | L1701 dme | .12 | L1845 . 1653 1666 —
*| CotCos - 0067 1035 | 1248 L1414 ig18 | (1828 | .3%06 { 402 | .6i75 | .0m3 | o9%e
Ca o138 L0139 -0 | .01 L0141 L0142 | (0142 | .om42 | .0187 | .o13® i .0138 B

89300—32——381



474

TasLe 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

REPORT NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

a

n degrees | 0 0 8 8 12 5 18 n 2% 7 2

Nobow| 0.001 | 07020 | L215 1382 L4s5 | L3530 | Lu08 | L4ve | L130 | L150 | L32%0
Toug Co .0209 .023 | “Lare . 0516 S8l | l12%0 | 100 | 2870 | .ds70 | L6170 | L7800
o 0.1350 | 0.8380 | L1480 1730 | 2000 | 2206 | Leso | e | namz | s ;1302
Suctlon | P .08z | .oset G513 “0670 | 0300 | ooz | mazs | &0 | olesio | I7900
i Cbs Joims 0508 + 0530 .0568 | .0s8L | 0840 | .pesl | . .0885 | [ocez | .oce2
# | -Cot.Cos - 0802 - 0867 . 1043 .28 | (I | JIM3 (2016 | .5o35 | .62 | .gse2
. Ca 20079 -0084 0088 ‘oop8 | lgoer | o7 | 01158 | loms | leilr | .o10 . l0110

Ce G120 | 08000 | 139 Led | Lsso | Leso | Lses | 1840 | niss | Lis2 . 1288

Suction | P . 0257 029 0453 -0807 | o788 | 100 | 2138 | 2965 | .bm0 | e | T7mee
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