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RESEARCH MEMORANDUM

THE EFFECTS OF BLOWING OVER VARIOUS TRAILING-EDGE FLAPS
ON AN NACA 0006 AIRFOIL SECTION, COMPARTSONS WITH
VARIOUS TYPES OF FLAPS CN OTHER AIRFOIL SECTIONS,

AND AN AWATYSIS OF FLOW AND POWER
RELATIONSHIPS FOR BLOWING SYSTEMS

By Jules B. Dods, Jr., and Earl C. Watson
SUMMARY

The investigation reported herein consists of three phases:
(1) an experimental investigation of a thin airfoil with blowing over a
trailing-edge flsp; (2) & comparison of the results of the experimental
investigation with the results of other similar investigations; and
(3) a theoretical study of the relationships among the ailr-flow and
power parameters for the general blowing case.

The experimental investigation employed a two-dimensional model of
the NACA 0006 sirfoll equipped with & nose flap and six alternate
trailing-edge flaps. The blowing slot was in the body of the airfoil
shead of the trailing-edge flap. Only subcritical blowing pressure
ratios could be investigated. Lift, pitching moment, and chordwise
distribution of pressure were measured over a range of angles of attack
for Reynolds numbers from 2.3 million to k miliion. The variables inves~
tigated include flap position and contour, nozzle height, and blowing
guantity.

The comparison and evaluation phase of the Investigation used data
from this experimental investigation together with those obtained from
other investigations which employed thicker airfoil sections. Several
relationships for evaluating the effects of blowing are presented. The
increments of 1ift coefficient which were obtained with the 6-percent-
thick airfoil of the present investigation compared favorasbly with those
obtained with the thicker airfolls of the other investigations. IU was
found that for flap deflection up to 60° or TOO, the theoretical incre-
ment of 1lift coefficient due to flap deflection alane (i.e., without
blowing) could be attained or exceeded, depending on the blowlng quantity.

The power and flow quantities that may be required of a blowing
system were shown to vary greatly, depending on the arrangement of the
flsp and blowing system.
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The results of the theoretical study of the air flow and power .-
relationships are presented in chart form and are applicable to blowing .
systems employlng elther subcritical or supercritical pressure ratlos.

INTRODUCTION

Approximately 30 years ago, Seewald (ref. 1), Reid and Bamber
(ref. 2), and Wieland (ref. 3) demonstrated that the 1lift of an airfoil
could be Increased a substantial amount by ejecting compressed air over
the upper surfaece. The power and equipment necessary to supply the
large guantity of compressed air that was required for 1ift augmentation .
deterred further investigation. However, the development of the turbo-

Jet engine, a convenient source of compressed alr, renewed interest in

thie phenomenon. Iater investigators (refs. 4 to 12) were concerned with

Jets used in conjunction with a trailing-edge flap. Several types of

airfoil sections were used in these investigations, but one common fea-

ture among them was that all the spplications were to moderately thick

airfoils. From thege previous studies of blowing over airfoils i1t

became apparent that additional experimental dats and analyiical atudies o
of the effects of blowing were needed to provide the information neces- T
sary for practical applications of blowing to airplesnes. In particular, .
experimental data were requlred to show the effects of blowing over &

thin alrfoll. A summary and analysis of the existing two-dimensional

data were needed to provide a basls for future evaluations of the effects

of blowing. Comparatively little informetion has been published on the

meny theoretical aspects of blowing over airfolls, and one important

aspect in need of study pertalns tco the mgnner in which the flow and

power parameters vary with changes in the blowlng-system pressure, the

nozzle exit opening, and the free-stream Mach number.

The present investigation was undertsken to provide some of this
needed information. It coneists of three phases: (1) an investigation o
to obtain experimental dats for & thin eirfoil with blowlng over the '
trailing-edge flap; (2) comparisons of the results of the experimental
investigation with the results of previous investigations; and (3) an
analytical study to obtain the theoretical relationships among the flow
and power parameters for the general blowing case.

The experimentel phase of the lnvestigation included a study of the
effects of changes in the flap proflle, flap position, flap deflection,
nozzle heilght, the air-flow quantities, amd, to g limited extent, the L
ratio of flap chord to wing chord. The constant-chord model had the ' :
NACA 0006 profile. It completely spanned the L-foot dimension of the o
k- by 10-foot test section of a modified 7- by 10-foot wind tunnel at .
Ames Aeronsutical Iaboratory. The pressure ratlos available wilth the
equipment supplying the air for the blowlng system were subcritiecal,
resulting, of course, in subsonic Jet velocities. However, 1t was .
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posseible to investigate e range of nozzle heights and nozzle flows of
interest for blowing systems which may operate with supercritical pres-
sure ratios and supersonic Jjet velocities. In reference 13 it was shown
that for pressure ratios from suberitical to 2.9, the 1ift obtained with
a8 given momentum coefficient was independent of the jet Mach number, and
the wing Reynolds number in the range from 5.8 to 10.1 million.

In the phase of this investigation concerned with the comparisons
and the evaluation of the effects of blowing on 1lift, only data from
pertinent two-dimensional investigations were considered: +those
obtained with the thin airfoil of the present investigation, and those
obtained with the thicker airfoils of references 4, 5, 9, and 12.

The analytical study of the relationships among the ailr-flow and
power parameters is summarized in the form of charts.

NOTATION
A cross~gectional area, sq ft
a speed of sound, ft/sec
b wing span, ft
c wing chord, ft
cy chord of trailing-edge flap, ft
c1 section 1ift coefficient, E;E
cm section pitching-moment coefflcient referred to the quarter
chord, qz‘;g
Acy lift-coefficient increment at O° angle of attack due to blowing

and flap deflection

(Acy);  lift-coefficlent increment at the "ideal" angle of attack due
to blowing and flap deflectlion (see sketch (a), page 12)

Cﬁcz)th theoretical lift-coefficient increment due to flap deflection

bLem pitching-moment-coefficient increment due to blowing and flap
deflection
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mass-flow gat% og blowing alr
cq section mass-flow coefficlent, per *oot o span
PocVo
2 ~
pyVy *+8(p - Po)
Cu section jet-momentum coefficient, (PJ assumed
q.c
equal ta p, except as noted)
CQ mass-flow coefficlent, mass-flow rate of blowing air
PoVo
pJAjVJE + AJ(pJ - Do)
c jet-momentum coefficient, (p; assumed
M 15y J
equal to p, except as noted), see Appendix A
C,...5 coefficlents in the equations for wind-tunnel wall corrections
h height of test section, ft . -
2 section 1ift, 1ift per unit span, 1b/ft '
m section pitching moment, pltching moment per unlt span, ft-lb/ft -
M Mach mumber, =
1
P pressure, lb/sq ft
g dynamic pressure, lb/sq 't
P - Po
P pressure coefficlent,
r redius, in., or fraction of wing chord
R Reynolds number based on the wing chord o
8 height of the nozzle opening measured normal to the wing chord
line at the minimm cross-sectional area of the nozzle, ft
8¢ height of the nozzle opening at the exit of a convergent- B
divergent nozzle, ft
Sy the reference wing area affected by the nozzle span, sq ft
t airfall thickness, £t o ' .
When used without subscript t, the symbols P, p, and T denote .

static pressure, statlc denslty, and static temperature, respectively.
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absolute temperature,2 °R
v velocity, ft/sec
X chordwise distance, in. or ft
y distance normel to the airfoil chord line, in. or ft

Xps Yo coordinates for identifying the position of the nose of the
trailing-edge flap, percent of wing chord (see fig. T)

a section angle of attack, deg
(ag) e flep effectiveness parameter, - -:%—3
7 ratio of specific heats, 1.4 for air
ol angle of deflection of the trailing-edge flap, deg
& angle of deflection of the nose flap, deg
A correction factor for atmospheric conditioms different from
. Te, \ 2/ Pg
standard conditions,
<;st;> (?sbé)
o mess density of sir,? slugs/cu ft
Subscripts
a ambient conditions
i ideal angle of attack
J conditions in the jet at the exit of the nozzle
max maximum
o free-stream conditlions
std " sea-level standard canditions
t total conditions (i.e., isentropic stagnation conditions)
u uncorrected

2gee footnote 1, page 4.
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Superscripts
* conditions where M = 1.0

EXPERIMENTAL INVESTIGATION WITH A THIN ATRFOIL

Tunnel, Model, and Apparatus

Tunnel.- Because of the limitations of the auxiliary air supply for
the Ames T- by 10-foot wind tumnel, it was necessary to modify the test
section of the tunnel to accommodate a model with a reduced span.

Figure 1 shows the symmetrically spaced flow dividers which were installed
in the tunnel to provide a k- by 10-foot test section. Each divider
extended upstream about 13 feet and downstream 12 feet from the center
line of rotation of the model. The 6-foot-diameter aluminum turntables
were supported flush with the surfaces of the dividers, as shown in ]
figure 2, and were alined with, and connécted to the existing tunnel turn-
tables, Airfoil-shaped fairlngs were useéd to shield the model support
structure from the alr flow between the flow dividers and the original
floor and ceiling of the tunnel test section. These fairings had the
NACA 655-415 ailrfoil section and a 58.75-inch chord., They were sup-
ported from the turntables 1n the floor and celling of the original tun-
nel and were srranged to change angle af attack with the model. Pressure
surveys in the modified test sectlion indicated that the flow between the
dividers in the 4- by 10-foot test section was essentially uniform.
Calibrated static orifices on the walls of the test section approximately
6 feet upstream from the center line of rotation of the model were used
to indicate free-stream static pressure.

Model.- In figuré 2, the 4-foot-chord model is shown installed in
the modified test section. The basic alrfoll section of the model was
the NACA 0006, modified to accommodate the nozzle uged with the air blow-
ing system and the various trailing-edge flaps. A detailed view of the
exit of the nozzle, which extended along the entire span of the model on
the upper surface, is shown in figure 3. Some details of the plenum
chaember and nozzle shape are shown in figure U4 together with the
15-percent-chord nose Tlap. The steel plates forming the nozzle could be
posltioned by means of 19 spacers and tightening screws located at B
2-1/2-inch intervals along the span. The ratio of the cross-sectlonal
aree. of the plenum chember to the nozzle exlt ares was large enough to
ensure that the velocity of flow in the plenum chamber was negligible
with respect to the exiting velocity. (With a nozzle exit height of
0.053 inch, s/c = 0.00110, this area ratio was about 20 to 1.)

Details of the trailing-edge flaps are shown in'figure 5. Each of
the flaps could be deflected and positionéd independentiy of the wing.
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A removable fairing which could be inserted in the nozzle exit was used
in conjunction with flap A to form the typlcal single-slotted flap
arrengement. (The coordinates for flap A are presented in fig. 4.) The
plain flaps were designed to deflect about the hinge points shown in
figure 5. E=sch of these plain flips was designed so that it faired into
the unmodified airfoil contour at about the x/c = 0.75 station. Flap B
provided the basic shape to which varlous nose sectlons were fitted to
form flaps C, D, and E. Flap B was symmetrical and was formed by
straight lines from the tralling edge tangent to the nose radius of the
flap. A comparison of the profiles of flaps A, B, and C for the same
flap deflection is shown in figure 6 to emphasize the different flap
contours presented to the alr exiting from the nozzle. The chord of
flap A was 30 percent; flaps B and C were 25-percent chord, and flaps D
and E differed slightly from 25 percent, depending on the location of
their hinge points. Flap F provided a l15-percent-chord flap based on a
total wing chord of 42.35 inches. This reduction in wing chord was a
result of shortening the chord of the flap. Thus with flap F, the alr-
foil section profile deviated from the NACA 0006 profile, the thickness
based on the shortened chord was 6.8 percent, and the nose flap was

17 percent of the chord. A filler block and an adjustable plate were
attached to the main wing to provide similar wing-flap Junctures for all
the plain flaps (fig. 5). For all tests with the plain fleps deflected or
undeflected, the gap between the end of the adjustable plate and the flap
was 0.1 percent of the wing chord.

Chordwise pressure distributions were obtained from three rows of
orifices, one row at the midspan, and a row 6 inches from each end of the
span. Both static- and total-pressure tubes were installed in the plenum
chamber along the span to measure pressures of the internal flow. Temper-
atures in the plenum chamber were measured by shielded thermocouples at
three spanwise stations.

Apparatus.- A varilable-speed alr compressor located ocutside of the
wind tunnel was used as the source for the compressed alr. The maximum
pressure ratios (ratio of plenum-chamber pressure to free-stream static
pressure) availeble with this equipment were of the order of 1.7 to 1.8.
A gection of flexible piping was included in the ducting between the air
compressor and the structure supporting the model to prevent any of the
forces in the ducting from acting on the scale system. An "0" ring seal
was used in the ducting approaching the model so that the angle of attack
of the model. could be varlied without appreciable lossg of air from the
blowing system. The mass rate of air flow through the ducting was meas-
ured by a calibrated orlfice meter installed in the line between the
seal and the compressor.
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Test Methods

Procedure.~- Data were obteined for free-stream Reynolds numbers of
2.3, 3.3, and 4.0 million; the corresponding free-stream Mach numbers
were 0.082, 0.117, and 0.143. Air flow through the nozzle was varied
from zero to the maximum values obtalnable with the air compresscr, and
was expressed in terms of the mass-flow coefflclent, cq, and the Jet-
momentum coefficlent, c,,. The rate of alr flow measured with the orifice
meter was used to calculate the mass-flow coefficient, cq. In additionm,
measurements of the pressure and temperature in the plenum chamber were
used to establish the reservolr conditions of the Jet flow exiting from
the nozzle to calculate the momentum coefficient, c,,. Isentropic flow
from the reservoir conditions In the plenum chamber to the nozzle exit
and a static pressure In the jet at the exit equal to free-stream static
pressure were assumed in order to calculate the momentum of the measured
mass flow leaving the nozzle. Pressure measurements taken along the span
in the plenum chamber were nearly equal for all except the lowest operat-
ing pressure ratios, and, consequently, it was assumed that the flow
eJected from the nozzle was uniform along the span. Because of the limited
pressure ratio available, and because of the range of nozzle heights
tested, it was necessary to reduce the free-stream velocity from 160 feet
per second (R = 4.0 million) to 92 feet. per second { R = 2.3 million) for
some tests to cover the range of momentum coefficients of interest. The
nozzle-height to wing-chord ratios quoted herein are "effective values;
that is, they were calculated from the isentropic flow relationships by
the use of measured values of the pressure ratlio, the flow coefficients,
(cq 8nd cy) and the wind-tunnel dynemic pressure for a wide range of flow
conditions. These values, 1n most cases, agreed very well with physical
measurements of the nozzle height made with pressure In the nozzle. The
effect of the maximum internal pressure forces on the nozzle was to
increase the nozzle height by about 0.002 inch (s/c = 0.00004). This
increase due to the internal pressure forces did not vary with changes in
the nozzle-~height to wing-chord ratio.

Lift measurements were made with the wind-tunnel balance system for
each flap at the various free-gstream Reyholds numbers. Data were obtalned
for each flap deflection with the nose of the flap in variocus positlons
relstive to the nozzle exit (or, relative to the fairing in the case of
the single-slotted flap). These tests, or surveys, as they will be called
herein, were made to establish the best position of a flap for purposes
of further testing. The nozzle exlt was sealed by the fairing for the
tests with the single-siotted flap. The selected locations of the nose
of the single-slotted flap are shown in figure T(a) for each of the flap
deflections tested. With the other flaps the surveys were mede for vari-
oug blowing conditions. Extensive surveys were made with flap A, and
the various selected locations for the nose of the flap are shown in
figure 7(b). Three categories of flap position for flap A were arbitrar-
1ly established for purposes of discusslon: these are the extended,
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intermediate, and agsinst-the-nozzle positions indiceted in figure T(b).
The reasons for teasting the flep In these positions are discussed in =
following section (Effect of flap position). Surveys were made with the
plain flaps in order to determine the effect of vertical location of the
fleps with respect to the Jet. In these surveys, the flap was moved
longitudinally the small smount required to close the gap between the
flap and the nozzle.

—

Two operating procedures for obtalning the data were employed:
Firset the quantity of air exiting from the nozzle (i.e., cq or cu) was
maintained constant and the angle of attack was varied. Secondly, the
angle of attack was maintained constent while the nozzle flow was varied
from high velues of ¢g or ¢y, to zero. The hysterisis effect on the
Jift coefficient between increasing or decreasing nozzle flows was found
to be negligible in the limited, but representative, number of tests
conducted to evaluete thisg effect.

Corrections.- Corrections to the esngle of attack, 1ift, end pitching
moment were applied as follows using the method of reference 1k:

O = oy + Clclu + CzCmy,

ey = CScZu
cm = 04%11 + Cchu
c/h [Rx10™8 ©y Ca Ca Ca Cs
2.3 lo.3011 1.2 0.960 { 0.993 | 0.008
0.k00| 3.3 3021 1.2081 .959| .993 ) .008
b.o | .303]1.213] .959}1 .993| .008
2.3 23451 .938F .968 ] .993 |} .006
0.353} 3.3 | -235| .94 | .967| .993| .o007
k.o 2361 .94k ] .67 ]| .993 | .007

With the modified tunnel, the ratio of the wing chord to test-section
height was 0.400 for the model with 'each of the flaps except flap F. In
the latter case, the ratlo was 0.353. Blockage corrections for the
condition with & blowing jet of alr are unknown. However, on the basis
of the blockage studies presented in reference 12 for a chord to helght
ratic of 0.32, it was assumed that the blockage was smsll for the chord
to height ratios of the present tests. No further enslysis of the change
in the wind-tunnel wall corrections due to the effects of a blowing Jet
was mede.
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Test Results

The 1ift data are assembled according to an arbitrary grouping of
the flaps, and include data with and without blowing. The data with
blowing over the flap are Presented in two forms: (1) section 1lift coef-
ficlent as a function of the angle of attack (for & given nose and
trailing-edge flap deflection, and for various ccmsetant values of the
section jet-momentum and the mass-flow coefficients), and (2) the sectiamn
1ift coefficient as a function of the Jjet-momeritum and the mass-flow
coefficients (for a glven nose and trailling-edge flap deflection and for
verious angles of attack). Representative moment and midspan pressure-
distribution data are presented only for flap A. These typical pressure-
distribution data should be of value for flap loading analyses as well
as for thelr general aerodynamic Interest. The test data from the Investi-
gation are presented in figures 8 through 60. For convenience, an index
to these data 1ls presented in table 1. : U .

Single-slotted flap.- Date were obtalned with the single-slotted
flap for comparison with the data obtained with the blowing flaps.
Figure 8 presents the test data for various nose flap deflections (for a
tralling-edge flap deflection of 50 ), from which a nose flap deflection
of 30° was selected as optimum for use In further tests of the single-
slotted flap wilthout blowing. The basic data for various trailing-edge
flap deflections with this nose flap deflection, and also with the nose
flap undeflected, are presented in figure 9. '

Flap A.~ Data showing effects of blowing with both the nose flap and
the trailing-edge flap A undeflected are shown in figure 10. A limited
amount of date with the nose flap undeflected 1s presented in figures 11
end 12. Figure 11 showe the effect of deflecting the trailing-edge flsp
50° and 60° (in the extended position) without blowing and with a large
amount of blowing. TFigure 12 shows the effect of variocus smounte of
blowing for one trailing-edge flap deflection (6 = 50°). The effects of
deflecting the nose flsp are shown in figure 13 for specified blowing
quantities and trailing-edge flap deflecti{ons. These data were used to
select a value for the nose flap deflectlon for use in the tests with
blowing. A value of 35° was considered t0 be the optimm value and it
was used, except as noted, In the tests with blowing. The effects of
blowing on the 1ift coefficients for various trailing-edge flap deflec-
tions are shown in figures 14 to 19 with the trailing-edge flap in :
extended positions (and with the nose flap deflected 35°). Data obtailned
with the flap against the nozzle and for tralling-edge flap deflections
of 50°, 6Q°, and TO° are presented in figures 20 to 22.

The effects of sealing the wing-flap gap, when the flsp was against
the nozzle, are presented in figure 23. :
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An dnvestigation of the effects of changes in the nozzle heights
was made with flap A against the nozzle and the data are presented in
figures 24 to 29.

In order to obtain some Indication of the effect of blowing over
various portions of the span of the flap, a brief investigation was made
with various spanwlse portions of the nozzle blocked off. The date are
presented in figure 30.

Plain flaps B, C, D, E, F.- Except for a limited number of tests
conducted with flap c w1th the nose flap undeflected, the tests with the
plain flaps were conducted with the nose flap deflected 35 The effect
of deflecting flap B is presented in figure 31 and the effects of blow-
ing are given in figures 32 to 34. Similar data are presented for flaps
C and D in figures 35 to 42. Data of this type were not presented for
flep E because the flow over the flap at the larger flap deflections was
separated even for the highest blowing quantities. The effect of
deflecting flap F is presented in figure 43 and the effects of blowing
are given in figures 44 to L46.

Pitching moments and pressure distributions with flap A.- Typical
changes of the piltching-moment coefficient associated with changes of
flap deflection, nozzle height, and blowing quantity are presented in
figures 47 to 51. Representative wing-flap pressure distributions at the
midspan of the model are given in figures 52 through 59 for flap A in
both the extended positlion and against the nozzle.

Discussion of Test Results

Definitions.- The test results to be discussed are summarized in
figures 60 to 33. In the discussion herein of the various effects of
blowing over the trailing-edge flap of a thin airfoil, three frequently
used quantities are the critical momentum coefficlient, the ideal angle of
attack, and the increment of 1ift coefficient at the ideal angle of attack.
The criticel momentum coeffilcient 1s defined as the value of the momentum
coefficient at which a lsrge change occurs 1n the slope (dcl/dcu)m,a

and above which only small increases in ¢; are obtained with additional
Increases In e, for a constant angle of attack and flap deflection.

The criticel momentum coefficients presented herein were determined from
the data for an angle of attack of 0°. Observatioms of the Dressure
distribution over the various flaps indicated, in general, thet the flow
over the flaps was attached at values of the momentum coefficient that
were slightly lower than the critical momentum coefficlent as defined

herein.

Because of the combined effects of the nose fleap, tralling-edge flap,
and the blowing quantity on the 1ift characteristics of a thin airfoil,
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difficulty was encountered in

eference slope taken for lectin 1 £ attack
c selec g an angle of &
t airfoll uméoui .bl?\:ing sultable for c ring 1ift
L~ and with =0. le. _ ompa
$ 8 8.=cons increments. In order to resolve
n s[5 (Gﬁaao' Ciq| this difficulty satisfactorily,
‘ o“ o ono| the increment of 1ift coefficilent
55 —o.14 ons| (labeled (Acy); in sketch (a))
/ wag measured at the largest neg-
/7 $=0" Spxconst. ative angle of attack for which
] 4 = the 1ift curve was essentislly
/ linear. Pressure distributions
(AC\) /
I, indicated that at this angle no
AN separation of the flow occurred
\\_ on the lower surface of the air-

a
/
“ L]

l.’ ideal” angle of attack foil with the tralling-edge flap
deflected. This angle of attack
is defined as the "ideal" angle

Sketch (a) of attack, and the 1ift increments
messured at this angle reveal the
effects of changes in the blowing parameters and flap characteristics in

8 menner that 1s reasonably independent of interference from other factors.

One reason for this 1s that at the ideal angle of attack the pressure

gradient on the upper surface of the forward portion of the airfoil is

the most favorable that exlsts on the alrfoil for any angle of attack for

which there 1s no separation from the lower surface. The increment of

1lift coefficient was measured from the linearly extended 1lift curve for
the model with the tralling-edge flap undeflected and with no blowing. It
was necessary to extend thils curve because the flow separation from the
lower surface of the airfoll near the ideal angle of attack without blow-
ing produced a change in the slope of the 1ift curve which was otherwise
constant for a wide range of angles of athtack.

The experimental results are also compared with theoretical 1ift
increments computed by the use of Glauertts relationship for a thin air-
foil with a hinged flap (ref. 15), without consideration of the effects
of blowing, but correcdted for the effects of airfoll thickness ratio

1

Effect of flap position.- Surveys were made to select the location
of each flap for each flap deflection. With the single-slotted flap, the
locations of the flap were selected to provide the optimum 1ift character-
istics. Shown in figure 7(a) are the selected losations of the nose of
the flap for flap deflectlons of ho°, 500, and 60°. It 1s apparent that
the optimum position of the nose of the flap was always below, and near
the exit of the slot lip. :
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The selected locations for the nose of flsp A are indicated in
figure T(b) for each of the specified flap deflections. With the flap
in the extended positions, the selected locatione of the nose were
determined from surveys conducted to determine the optimum 1ift character-
istics for a high value of the momentum coefficient. Thus, in figure 7(b),
the line connecting the points locating the nose of the flap represents
the flap path required to obtain the optimum 1ift characteristics for a
high value of the momentum coefficient. It is worthy of note that for
flap deflections of 500 and above, and for the flap in either the extended
or against-the-nozzle positions, the nose of the flap always probtruded
into the jet (see fig. 7(b)). The surveys indicated that at these flap
deflections the flow would not remain attached when the flap was removed
from the jet. The éffect of flap position is evident in the basic 1lift
data (figs. 17 through 22) for the flap in the extended and against-the-
nozzle positions. Figure 60 (which includes the small smount of data
for the flap in the intermediate positions) presents 1ift date for 0° .
angle of attack to provide a more direct comparison of the effect of
longitudinal position of the flap. It appears from figure 60 that the
rate of change of critical momentum coefficient with increasing distance
of the flap from the nozzle exit continually increased. TFor example,
with the flap deflected 600, moving the flap longlitudinally 0.5-percent
chord away from the nozzle doubled the critical wmomentum coefficient, and
with the flap in the extended position, the criticsl momentum coefficient
wae Increased approximately eight times. It can also be seen in figure 60
that the rate of change of the 1lift coefficient at the critical momentum
coefficient with increasing distance of the flap from the nozzle exit was
approxXimately constant.

The surveys with the plain flaps were made to determine the effect
of vertical location of the flap with respect to the jet. The data
presented in figures 31 through 46 are for the optimum flap positions
which showed that the upper surface of the flap should be near the center
of the jJjet. However, the effects of vertical position were found to be
small so long as the upper surface of the nose of the flap was in the jet
but below the upper surface of the airfoil contour. It should be noted
that the hinge points for which the date are presented were shifted
slightly from the design hinge points indicated in figure 5; the longi-
tudinal location was closer to the exit of the nozzle and the verticsal
location was shifted the small amount required to place the nose of the
flap near the center line of the jJet.

In considering the effects of flap position (and also the effects of
flap profile presented in the following section), it should be remembered
that in this investigation the veloecity at the exit of the nozzle was
gubsonic and calculated with the assumption of isentropic expansion of the
jet flow to free-stream statlc pressure. With supersonic jet velocltles,
the question arises as to whether or not it would be desirable for &
flep to protrude into the Jjet. However, consideration of the results
of the present Investigation which were obtained with suberitical pressure
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ratios, and those of reference 13 which were obtained with both sub-
critical and supercritical pressure ratlos, suggests that at least with
Plain flaps and convergent nozzles, the effects of flap position determined
by the present investigation would be the same for pressure ratios up to
moderate supercritical velues. : '

Effect of flap profile.- The effects of flap profile are shown in
figure 61 in which the 1lift coefficlents at 0° sngle of attack are given
as a function of both the momentum coefficient and the mass-flow coeffi-
clent. A study of the flap profiles (fige. 5 and 6) in conjunction with
these data indicates that the profile of the flap was of importance in -
securing a low critical momentum coefficient, but that the profile was of
lesser Importance for values of the momentum coefficient larger than the
critical value. For a glven flap deflection (see fig. 6), the flaps whose
brofile enebled the exlting nozzle flow to be turned in a gradusl msnner
hed a lower critical momentum coefficient than the flap whose profile
turned the exiting nozzle flow in an abrupt manner. Although both flapa
A and C turned the air in a gradual mannei, flap A had a lower critical
momentum coefficlent then flap C, particularly at the larger flap
deflections. This may be due to the more’'gentle curvature of the profile
of flep A compared to flap C (in the region awey from the nose of the
fleps), and it may also be due to the sharp nose shape of flap A, which
projected into the Jet close to the exit of the nozzle.

In addition to illustrating the effects of flap prrofile, the data
of figure 61 permit the effect of the ratic of flap chord to wing chord
to be estimated. This can be done by & comparison of the data for flap F
(ef/ec = 0.15) with the data for the other flaps (cg/c = 0.25 to 0.30).
As a result of the design criteris for flap F (see the discuesion in the
sectlon "Model") the profile of the flap was poor, resulting in a high
critical momentum coefficient. From the previous digcussion of the
effects of flap profile it would appear that with a better flap shape,
the high critical momentum coefficient could be reduced. However, the
important point to note in figure 61 is that at high values of the
momentum ccefficient, where the effect of the proflle has been shown to
be of lesser lmportance, the 1ift obtained with flap F compares favorsbly
with that obtained with the flaps having larger ratios of flap chord to
wing chord. This is evident particularly at the largest flap deflection,
5 = 700. Thus, it may be true that, with blowing, the 11ft is relatively
insensitlive to the flap-chord ratlo, '

Effect of changes in nozzle height.- The effect of changes in the
ratlio of nozzle height to wing chord on the 1ift increment at the ideal
engle of attack as a function of the momentum and the mass-flow coeffi-
cients was Investigated using flep A in its position against the ngzzle.
The results are presented for trailing-edge flap deflections of 50~ and
60° in figure 62. The large reduction in the mass-flow coefficient, cqs
wilth reduction in the nozzle height for a given 1lift increment is
apparent. In the range of nozzle height to wing-chord ratios from 0.0001LT

A
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to 0.00065, the effects of height-chord ratio on the 1ift increment for

a given momentum coefficient were very small. In the inveatigation of
reference 9 height-chord ratios in a low range (s/c = 0.00036 to 0.00072)
were also tested, and the results showed no effect of changes in the
nozzle height on the 1lift increment. Reference 13, which presents the
results of a three-dimensional, full-scale investigation of the effects
of the blowing air from a duct located in the flap of a swept-wing air-
plane, also showed that the 1ift obtained at a given momentum coefficient
was independent of the nozzle height for the range of values investigated
(ratios)of nozzle height to mean aerodynamic chord between 0.0001T7T and
0.00067) .

In the tests of the present investigatlon, however, an increase In
the nozzle-heigbt to wing-chord ratio from 0.00065 to 0.00110 resulted
in a considerable loss in the .1ift increment obtained at momentum
coefficlents greater than the critiecal (see fig. 62), but there were no
significant effects of nozzle height on the critical momentium coefficlent
at 0° angle of attack (figs. 20 through 29). Data perteining to the
effects of nozzle height on the increment of 1ift coefficient obtained
from reference 12 are shown in figure 62(c)} for values of the height-
chord ratio from 0.0005 to 0.009. These resulis show that increasing
s/c from 0.0005 ta 0.0015 brought sbout a much smaller loss In the 1ift
increment than that shown in the present investigation by changing
s/c from 0.00065 to 0.00110. The marked effect of nozzle height shown
in figure 62(c) for increasing s/c from 0.0015 to 0.0050 is question-
able because of changes that were made in the nozzle design end flap
location. Since the limited amount of deta presented herein iIndicates that
the effects of changes in the nozzle height may depend partially on the
particular nozzle and flap configuration used, the results obtained with
flap A cannot be considered as general. However, for any psrticular
blowing flap arrangement, the possibility of there belng effects of nozzle
height must be considered.

Effect of nose flap deflection.- Some of the effects of deflecting
the nose flap are contained in the data of figures 12 and 13 for flap A,
and in the data of figures 36 and 39 for flap C. The data cbtained with
the plain flap C were used to show the effecte of nose flap deflection
on the varistion of the 1ift increment at the ideal angle of attack with
momentum coefficient (fig. 63). The principal effect of deflecting the
nose flap was to reduce the 1ift increment at small vaelues of the
momentum coefficient without affecting the critical momentum coefficient.
As the momentum coefficient was increased, the difference in the 1ift
increment caused by deflecting the nose flap continually decreased, and
at values of the momentum coefficient larger than about 0.16, a somewhat
larger 1lift increment was measured with the nose flap deflected than with
it undeflected. The greater 1lift increments with the nose flap deflected
were due mostly to a difference in the lift-curve slopes of the base
curves which were used in the measurement of the 1ift increments. This
effect of the different lift-curve slopes of the base curves was not
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significant at low values of the momentum coefficient because the ideal
angles of attack were small. (The base curves were those obtained with-
out blowing, with the trailing-edge flag undeflected and with the nose
flap either undeflected or deflected 35°.

In the following sections, womparisons willl be made with the results
of other investigations which employed airfoils having eilther no leading-
edge device, or devices which differed from the nose flap of the present
investigation. The data from the present investigation which will be
uged in the comparisons were obtained with the nose flap deflected.
Although this practice resulted in smaller 1lift increments in the low
range of momentum coefficient, 1t is believed to provide a more realistic
comparison because thin airfolls, such as the one of the present investi-
gation, would require some form of leading-edge device to delsy leading-
edge separation at high angles of attack. . )

Effect of blowing on the piltching moment and pressure distribution
with flep A.- The data of figures 48 and 51(a) typlfy, for the flap in
the extended and ageinst-the-nozzle positions, respectively, the large
changes that occur in the pitching moment as the momentum coefficient
increases. However, as shown 1n the following table, the change in the
pltching-moment coefficient due to a unit change in the 1ift coefficient
was not significantly affected by blowing over the flap for elther posi-
tion of the flap. The values of the momentum coefficients are larger
than the criticel momentum coefflcient in each instance.

Flap A
Flap
position Extended . Against the nozzle
B 35° 50° 60° 50° 60°
ey (o Jo.12fo Jo.27jo  Jo.175[0  Jo.03lo  [o.o3
g§§ -.20[-.22|-.26|-.22]-.22[-.22 |-.19]-.20]-.18]-.19

The very greet differences that occur in the pressure distributions
for the no-blowing and for the high-quentity blowing cases are cleaxrly
shown by the data of figures 52 to 59. When the jet attached to the flap,
a low pressure peak developed over the nose of the flap and the pressure
coefficlent near the trailing edge became positive in wvalue (e.g., see
figs. 55 and 58). Note that a positive pressure coefficient on the nose
of the flap exceeding a value of 1.0 i1s indicated in figures 52(b) and (c)
for the 75.10-percent-chord station. These high positive pressures on
the nose of the flap result from the direct impingement of the jet on the
flap and occurred with the flap undeflected or deflected in its position

against the nozzle.
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COMPARISONS AND EVALUATION OF THE EFFECTS OF BLOWING ON LIFT

The followlng comparisons of the effects of blowing on 1ift for the
blowing-flap arrangements of the present and the referenced investige-~
tiomns are mede in terms of quantities believed to be of most significance
for the evaluation of relative flap effectiveness. These gquantities are
(1) the increment of 1ift coefficient at the ideal angle of attack,

(2) the critical momentum coefficient and the increment of 1lift coeffi-
cient which was obtained at the critical momentum coefficient, (3) the
rate of change of increment of 1ift coefficlent with momentum coefficient

(dAczi/dcu) 5 for values of the momentum coefficient which were
3

greater than the critical value, and (4) the momentum coefficient required
%o obtain a 1ift increment equal to the theoretical Increment of 1ift
coefficient due to flap deflection without blowing. These quantities
should be consldered together, not Individuslly, in order to form a
complete picture of the relative lift effectiveness of blowing-flap
arrangements. The airfoils of the referenced investigationa were thlcker
than the airfoil of the present investigation and included types with and
without leading-edge devices. It should be noted that differences exist
in the value of the ratio of flap chord to wing chord for the various
flaps of the present investigation as well as for the flaps of the refer-
enced investigations (see fig. 6Ut). TUnfortunately, sufficient data are
not contasined in the reports of these investigations to clearly establish
the effects of changes in the ratio of flap chord to wing chord.

Lift~Coefficient Increment at the Tdeal Angle of Attack

In comparisons of the 1ift effectiveness of high-1ift devices, the
increment of 1ift coefficient obtained at a given angle of attack is
usually presented oz a function of the deflection of the device. This
convention has been retained for.the comparisons presented herein of the
various arrangements of the flap and blowing system. However, an addi-
tional quantity, the jet-momentum coefficient has been included to show
the effects of various amounts of blowing. The data of the present
investigation and of references 4, 5, 9, and 12 (see fig. 64 for
sketches showing the varlous arrangements of flaps and blowlng-system
nozzles) are summarized in this form in figures 65 through Tl. The
increments of 1ift coefficlent presented herein for the present investi-
gation were measured at the 1deal angle of attack. The increments
presented for the referenced investigations were measured at o° angle of
aettack instead of at the ideal angle of attack because of insufficient
data to define the latter angle. However, because the increment at o°
angle of attack was the largest that could be measured, and because it
was thought that it would be essentially the seme as thet increment
which would cccur at the ideal angle of attack, it was decided for the
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purposes of this report to refer to the increment of 1lift coefficient for
the referenced data as CAcz)i. Included in figures 65 through Tl are
theoretical increments of 1ift coefficilent due to flap deflection without
blowing and, also, increments which have been obtalned with conventional
high-1ift devices such as single and double slotted flaps. Becsuse of
the smsll amount of published date for these devices on slrfoils bhaving
the same thickness ratlios and the same ratioe of flap chord to wing chord
as the airfoils consldered herein, 1t is difficult to make comparisons

of these devices with all of the blowing-flap arrangements; thus, only
data from the present investigation and from references 16 and 17 are
considered. Consequently, these data for the single and double slotted
flaps were included in these figures only where it was thought that
camparisons with the blowing data would have some valldity end interest.

The lift-coefficlent increments obtalned at the ideal angle of attack
with the various blowlng-flsp srrangements on the thin sairfoll of the
present investigation are shown in figures 65 through 67; those obtained
for the airfolls of the investigations of references 5, 9, 4, and 12, for
vhich the airfoil thickness-chord ratios were 9, 10, 12, and 15 percent
respectively, are shown in figures 65 through T1.

It is evident from even a cursory exsmination of figures 65 through
71 that large differences exist among the various airfolls snd blowing-
flap arrangements in regard to their response to a given amount of blow-
ing, and that wlith a sufficient amount of blowing the theoretlcal Iincre-
ments of 1ift coefficient were exceeded. A study of these figures
reveals that with a glven momentum coefficlent an Increment of 1lift
coefficient could be obtalned with the 6-percent-thick airfoil that
equaled, or exceeded, the values obtained with the thicker airfoils of
the referenced investigations. The data indicate that for some of the
configurations additional 1ift effectiveness could be expected for flap
deflections above 60° or 70°. This is particularly evident from the data
for the thin airfoil of the present investigation with the small nozzle

helghts (see figs. 66(a) through 66(d)).
Critlcal Momentum Coefficlent and Increment of ILift Coefficient

Pregsented in figure T2 is the variation of the critiecal momentum
coefficient with traeiling-edge flap deflection for the data from the
present investigation and from the referenced investigetions. As shown
in this figure, the critical momentum coefficient generally increased _
with increasing flap deflection and with movement of the flap awey from
the nozzle exit. This increase with flap deflection was small in some
cages but very rapid in others. The increase with movement of the flap
away from the nozzle exit is shown by comparing the results for flap A
in its position against the nozzle and in the extended position. The
critical momentum coefficients obtained with flap A in its position
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against the nozzle were smaller than those meassgured for any of the
blowing-flap arrangements of the referenced investigations and did not
exceed a value of about 0.03 for flap deflections up to TOO.

The increments of 1ift coefficient obtained at the criticel momentum
coefficients corresponding to those given in figure T2 are presented in
figure 73 together with the theoretical 1ift incremente due to flap
deflection without blowing. An inspection of these two figures shows
that there were large variations in the critical momentum coefficient and
in the lift-coefficient increments measured at the critical momentum
coefficient for the varlous blowing-flap arrangements. The differences
between the measured 1lift increments and their corresponding theoretical
1ift increments also varied widely. For example, at 60° flap deflection
the largest critical momentum coefficient for the data of the present
investigation was sbout eight times greater than the smallest value, and
the increments of 1ift coefficient varied from about 60 to 99 percent of
thelir theoretical values. At flrst thought it might be expected that
such differences in the Increments of 1ift coefficlent should not occur
because, for the critical momentum coefficlent, separation of the flow
over the flap was prevented. Control of separation of the flow over the
flsp, however, is a necessary but not a sufficlent condition for attain-
ment of the theoretical 1ift increment. In addition, the amount of blow-
ing in the experimental case must be controlled to provide a circulation
atrength around the airfoil equivalent to that of the potential flow
solution. Since the amount of blowing required to prevent separation of
the flow differed greatly for the varlous flaps, the circulation strengths,
and hence the resulting 1lift increments, also differ greatly.

It is apparent from the preceding discussion and exsmple that in
evaluatione of the relative 1ift effectiveness of blowing-flsp arrange-
ments, consideration must be given to both the critical momentum coeffi-
clent and to the increment of 1ift coefficient obtalined for the critical
momentum coefficient.

Exsmination of figures T2 and T3 shows, from the results of the
present investigation, that the critical momentum coefficient and the
asgociated Increment of 1ift coefficient were unchanged for nozzle-height
to wing-chard ratios of 0.00065 or less. They were also unchanged for the
height-chord ratios of 0.00036 and 0.00072 which were investigated in
reference 9. The data from reference 12 show & large effect of height-
chord ratio, snd the results obtained with the smallest nozzle heights
indiceted characteristics that differed from those obtained with the
larger ones. Tt appears, therefore, that the effects of changes in the
nozzle-height to wing~chord ratio are small for small velues of this
ratio (say, for values of s/c less than 0.00l), but may be significant
for larger values (say, for s/c greater than 0.00l).
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Rate of Change of Increment of Iift Coefficient
With Momentum Coefficlent

The rate of change of the increment of 1ift coefficlent with
momentum coefficient (dAczi/dcu)ai s measured at values of the momentum
2

coefficient greater than the critical, is presented in flgure T4 as a
functlon of flap defléction for the flaps of the gresent and the refer-
ence investigations. A large value of (dA;czi/dcu oy 8 is, of course,

desirable, but the significance of this parameter in assessing relative
flap effectiveness depends also upon the critical momentum coefficient
and the increment of 1ift coefficient at the critical momentum coefficlent.

The effects of changes in the nozzle-height to wing-chord ratio on
(dAczi/dcu)ai’B were very small for flap A of the present investigation,

but were large for the flap arrangement of reference 12, which had a much
larger vaeriatlon in the nozzle height. A conglderably higher slope was
measured for flap A irn its position against the nozzle compared to that
obtalned in its extended position. It is of particular interest to note
the superiority of plain flap C, which was hinged on the lower surface,
compared to plain flap B, which was hinged on the alrfoll center line.
There was no merked effect of alrfoil thickness ratio on (d&czi/dcp)ai,ﬁ as

evidenced by the fact that this parsmeter was as large, in genersl, for
the various flaps on the thin airfoil of the present investigation as 1%
was for the flaps on the thicker sirfoils of the referenced investigations.

Momentum Coefficient for Theoretical Increment of Iift Coefficient

The value of the momentum coefficient required to achieve the
theoretical 1ift increment is presented in figure 75.3 The eccuracy of
measuring the momentum coefficient required to achieve the theoretical
1ift increment depends to a great extent upon the rate of change of the
1ift increment with momentum coefficlent (dmzi/dcp)ai,a. Although the

abgolute value of the momentum coefficient in a particular case may be
difficult to determine accurately, the values shown in figure 75 were all
ocbteined in a similar mamner providing a common basis for comparison.

In general, the wvalues of the momentum coefficient required to
attain the theoretical increment of 1ift coefficient with the 6-percent-
thick airfoll were of the same order of magnltude as those measured for

SA similar bresentation has been noted in reference 18. The larger
values of the momentum coefficients presented herein are due to the
inclusion of the airfoil thickness correction in computing the theoreti-
cal 1ift Increments as previously menticned.
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thicker airfoil sections. In view of the variety of the blowing-flap
arrangements considered, the deta show very similar trends as a function
of flap deflection, with but one exception - the data of reference 5.

For this flap it is believed that the long overhang of the upper surface
of the nozzle (see fig. 64) and the large distance from the nozzle exit
to the flap resulted in a particularly poor blowing-flap arrangement. The
advantages of the small nozzle-height to wing-chord ratios are evident
from the reference data as well as the data of the present report. The
values of the momentum coefficient required for the theoretical 1ift
increrent for values of s/c lese than 0.00065 were not determined in
the tests of the present investigation because of limitations of the
available pressure ratic. However, on the basis of an examination of the
limited amount of data available, no significant changes in the required
momentum coefficient would be expected for the range of values of s/c
from 0.00065 to 0.000LT.

The data of figure 75 indicate that flap A in the extended position
required a smeller momentum coefficient to achieve the theoretical 1ift
increment than it did in its position against the nozzle. In. practical
applications where the availeble momentum coefficient may be limited, the
small value of the momentum coefflicient required to achieve the theoreti-
cal 1ift increment probably would not be as important as the undesirable
large value of the critical momentum coefficient that occurs with the
£flap in the extended position. Flap F had a flsp-chord to wing-chord
ratio of 0.15 compared with 0.25 to 0.30 for the other flaps considered.
Thus, the theoretical 1ift increment for flep F was smaller than for the
other flaps. As previously shown (see fig. 61) the 1lift coefficients
obtained (for momentum coefficients greater than the critical) with flap F
compared very favorably with those of the other flaps. This combination
of a smaller theoreticel 1ift increment and the relatively good flap
effectiveness resulted in a comsiderably smaeller momentum coefficient
required to achieve the theoretical 1ift increment for flap F compared to
those of the other flaps of the present investigation. The superiority
of plain flap C in this regard compared to plain flap B was due to &
larger value of (dAcZi/dcu)ui 5 obtained with flap G, since the eriticsal

>

momentum coefficients and the 1lift incremente at the critical momentum
coefficient were practicelly the same for these two flaps.

THECRETICAL FLOW AND POWER RETLATIONSHIPS
Flow Relationships
The basic flow coefficients of interest for a blowing system are the
mass-flow coefficient, cg» end the jet-momentum coefficient, c,.

Figures T6 and 77 are presented to show the theoretical relationship
emong these coefficients and the operating pressure ratio, the ratioc of
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nozzle height to wing chord (proportionsl to A /Sw for the three-
dimensional case), and the free-stream Mach number. Appendix A presents
the derivation of the equations upon which the figures are based. The
chart of figure 76 is applicable only where the pressure ratio is less
than the critical. The chart of figure T7 presents the relationships

for pressure ratios as high as 10, based on isentropic flow with an ldeal
nozzle. :

It is to be noted that the deéfinition of the Jet-momentum coeffilcient
is based on the assumption that the mess flow leaves the nozzle exit with
the velocity that would be obtained by full isentropic expansion to free-
stream static pressure. However, it should be realized that the momentum
coefficients calculated on this basis do not always represent the true
total momentum of the flow at the exit. A difference between the actual
and the computed value of the momentum coefficlent occurs when the exit
pressure is not equael to the free-stream ptatic pressure, or when the
pressure ratio is supercriticel and differs from the "design" value. The
magnitude of the difference which may occur for pressure ratios above the
ceritical is evident from the ratio of the jet-momentum coefficient for a
convergent nozzle to that for a convergent-divergent nozzle for isentropic
flow. The variation of the ratio of these momentum coefficlents with
pressure ratio is shown in figure 78 for pressure ratios less than 10.

The derivation of the relationshlp is presented in Appendix A. It is
spperent that as the pressure ratlo Increases, the ratlo of the momentum
coefficients decreases untll, at a pressure ratio of 10, the jet-momentum
coefficient that could be obtained with a convergent nozzle is 0.93 of
that which could be obtained with a convergent-divergent nozzle.

A unique. solution of the two equatlons shown in filgures 76 and T7 is
obtained by drawing a rectengle, such as the ones shown in these figures.
The rectangle connects equal values of free-stream Mach number in the
upper and lower halvee of the figure with the corresponding valuees of Cy
and sfc for the associated values of cq &nd pressure ratio. For a
particular solution, two of the parameters, in addition to the Mach number,
must be specified.4 A sgequence of changes must occur among the various
parameters shown in the figures whenever a change occurs in the value of
any one of them. In the following examples the use of the charts is
demonstrated. In general, certain changes dependent on the free-stream
Mach number must occur in the wvalues of the various parameters if the
free-stream Mach number is changed. For example, conslder the chsrt cf
figure 76 which applies for the range of suberitical pressure ratios.

If the momentum coefficient and the nozzle helght remain constant and the
free-stream Mach number is changed, the mass-flow cocefficlent remains

“The lines of .constant dynemic pressure, q, (fige. 76 and T7), are
based on an absolute free-stream total pressure equal to ©Dpgig, and they
would be changed for other free-stream cohditions. These lines are
included in these figures for their genersl usefulness in problems con-
cerned with sea-level gtmospheric wind tunriels.
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constant end the pressure ratio must change. Thus, assume the initial
conditions indicated by the dashed rectangle (i.e., ey = 0.06;
8fc = 0.0007; My = 0.10; th/po = 1.325; and cq = 0.004T). Now assume the

free-stresm Mach number is increased to 0.14. By the process of succes-
sive approximations the required rectangle closure ylelds the results

that the pressure ratio would have to incresse to 1.73, and c would
remain the same. The fact that the mass-flow coefficient is invariant
with free-stream Mach number for subcritical pressure retios and for the
conditions typified by this example (i.e., for a constant cy and s/c)
can be proved by differentiating the equations shown in figure T6. For
supercritical pressure ratios the mechanics of solving the equations shown
in figure 77 are identical to those indicated above for the subcerltical
pressure ratios; that is, the required closed rectangle must be determined.
With the assumption of the initial conditions indicated by the dashed

rectangle in figure T7 (¢, = 0.08; s/c = 0.00057; M, = O.1h; Ptj/Po = 2.35;

and cq = 0.0048), a change in free-stream Mach number to 0.20 increases
the pressure ratio to 3.85 and e increases to 0.0053. For the range

of supercritical pressure ratlios the derivatives of the equations shown

in figure 7T indicate that with a given momentum coefficient and nozzle
geometry, the mass-flow coefficient will vary with free-stream Mach number.
The preceding examples indicate how blowing-system data for particular
free-streem Mach numbers can be properly modified end adepted Tor use at
other free-stream Mach numbers.

The inserts in flgures T6 and 77T showing typical scale changes are
included to indicate the manner in which the range of values of cy, cq,
and s/c can be modified, provided the range of values of free-stream
Mech number and the pressure ratio remsin the same. With this provision
the values of ey, cg, and s/c can be multiplied or divided by powers
of 10 as desired.

Power Relationships

The power required to operate a blowing system can be used as s
basis for comparing various arrsngements of a flap and blowing system.
In Appendix B a power relationship is developed which is convenient for
use in such comparisons. The finsl equetion (eq. (B5)) relates the
section mass-flow coefficient, free-stream Mach number, and pressure ratio,
to the horsepower required per square foot of wing reference area. This
horsepower relationship is based on the assumption of isentropic compres-
sion from free-stream total pressure to the jet total pressure, and is
shown in figures 79 and 80 for pressure ratios up to 1.9 end 10, respec-
tively. It should be noted thaet the pressure ratio in these Ligures
P /pto differs fram the pressure ratio, pt‘/po which is glven in the

J

flow charts. The lines of constant dynamic pressures shown in these
figures are subject to the restrictions noted in footnote L.
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As an illustration of the application of the power and the flow .
charts, a comparison of the horsepower per square foot of wing reference
area, the mass-flow coefficients, and the pressure ratios theoretically
required at the value of the critical momentum coefficlent for several of 4
the arrangements of the flap and blowing system previously discussed is
presented in figure 8l. The value of the critical momentum coefficlent
for each arrangement and the corresponding 1ift increments have been
presented in figures 72 and T3, respectively. It is evident from
figure 81.(a) that at a given Mach number there was a large variation in
the power requirements for the various arrangements, and in some cases
there were large effects of flap deflection. In general, there was an
increase in the power required with an increase in Mach number, and the
megnitude of the increase varled greatly smong the various arrangemente.
If the alr ig provided by esuxlliiary compressing equipment, the power
required is of greatest importance in the design of a blowing system.
However, if the air 1s supplied by bleeding from & Jet engine, the mass
flow, or cp, is the more Ilmportent quantity (fig. 8i(b}). A large vari-
ation in the values of the mass-flow coefficlents for the various flsps
and blowling systems was evident, although for any particular case ¢
was invarient with Mach number. Figure 81l(c) shows that the requireg
pressure ratio generally increased with increasing Mach number, and, also,
that at a given Mach number there was a large variation among the various
arrangements. The advantage, fram the standpoints of power and mass~flow »
coefficient, of positioning the flap against the nozzle and using small
nozzle helghts is apparent throughout the comparisons afforded by
figure 81. . AN -

CONCLUDING REMARKS

The present report consists of (1) an experimental investigation
made to determine the effects of blowing a Jet of comparatively low-
pressure alr from a duct in the main portion of the wing over various
types of trailing-edge flaps on an NACA 0006 eirfoil, (2) a comparison
and evaluation of the effects of blowing on 1lift, using the resulis of
the present investlgation and those of previous investigations, and
(3) an analysis of the theoretical flow and power relationships of a blow-
ing system. - C - ' o

Tests of flap A in various positions with respect to the nozzle
showed that (1) the nose of the flap should protrude into the exiting
nozzle flow, end (2) the critical momentum coefficlent, and the 1ift
obteined &t the critical momentum coefficient, decreased as the gep
between the flap and the wing was reduced.

Tests of flaps having different profiles indicated that the flaps
whose profile enabled the exiting nozzle flow to be turned in a gradual
manner had a smaller critical momentum coefficilent than the flaps whose
profile turned the exiting nozzle flow in an abrupt msnner.
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The 1ift obtained with blowing over a l15-percent-chord flap compared
favorably with 25- and 30-percent-chord flape at the higher values of the
momentum coefficient. The critical momentum coefficient was large with
the short chord flap but it could probsbly be reduced by changes in the
Tlap profile.

Tests on flap A indicated that the effects of nozzle height on the
Increment of 1ift coefficient obtained for a given momentum coefficient
were small In the range of nozzle-height to wing-chord ratios from
0.00017 to 0.00065. A further increase in the nozzle-height to wing-
chord ratio to 0.00110, however, showed a considerable loss in the 1lift
increment. There were no significant changes in the critlical momentum
coefficient with changes in the nozzle height. .

The change in the pitching-moment coefficient due to a unit change
in 1ift coefficient was not significantly affected by blowing.

Comparison of the data for the thin airfoil of the present investige-
tion with other data for thicker alrfolils and somewhat different blowing-
flap arrangements showed that (1) the increments of 1lift coefficient
obtained for a given momentum coefficient with the thin airfoll were
comparable with, or exceeded, those values obtained with the thicker air-
foil sections; (2) flap A positicned sgainst the nozzle had smaller
critical momentum coefficients than the flap arrangements used with the
thicker airfoils; (3) the rate of change of the increment of 1lift coef-
flcient with momentum coefficient (measured sbove the critical value) for
the thin alrfoil was comparable to that of the thicker sirfolils; and
(1) the momentum coefficient required to attain the theoreticel increment
of 1ift coefficient with the thin airfoil were of the same order of megni-
tude s those measured for the thicker airfoill sections.

A theoreticel study was presented which established the relationship
among the alr flow and power parameters spplicable to the general blowing
case. Charts were presented showing these relationships. With the aid
of these charts an snalysis vas made to show the magnitudes of the flow
and power parameters for several blowing-flap arrangements operating at
thelr critical momentum coefficients, and also, to show the effect of
changes in the free-stream Mach number on these parameters. It was found
that the horsepower per square foot of wing reference area, and the pres-
sure ratio, increased with increasing Mach number, but that the mass-flow
coefficient remained constant when the pressure ratio was subcritical.

Ames Aeronauticel Laborsatory
National Advisory Committee for Aeronautics
Moffett Field, Calif., Mar. 1, 1956
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APPENDIX A

DERIVATION OF THE EQUATIONS RELATING THE GECMETRIC
AND ATR-FLOW PARAMETERS FOR A BLOWING SYSTEM

In the subsequent development of the various relationships involving
the mass-flow coefflclent, the jet-momentum coefficient, and the ratio of
nozzle area to wing reference ares (proportional to s/c for the two-
dimensional case), it 1s assumed that the nozzle flow is for a perfect
gas, that the flow is uniform, and that the compression from free-stream
total pressure to the jet tatal pressure is isentropic.

By definition, the Jet-mass-flow coefficient 1s

ijjvj

‘q = 0054 Vo (a1)

For adlabatic flow conditions and for ¥ = 1.4, this equation becomes

b -]
_J__sl._l + 0.2M:2
Q= Po Mo th) G + 0.2Mp% (a2)

For ihe assumption of isentropic compression between the free stream and

the Jet reservoirs,
vz
G‘cj ( 3) (83)

and, in general,

A
p; = p(1 + 0.2M%)7"2 (ak)
then the mass-flow coefficlent becomes
(—1 2 (85)

In application, equation (A5) must be modified to suit particular condi-
tions., With an ideal nozzle, complete expansion of the flow occurs to
Pressure p, 80 that Pj = Po- Also, for pressure ratios greater than
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critical, the ideal nozzle must be convergent-divergent and for pressure
ratios less than critical the nozzle must be convergent. Thus, for an
ideal nozzle, and Ptj/Po greater than critical,

_‘j._i

C = —— A6a
QT 5. A% M ( )
(note that Aﬂ/A* and Mj are functions of Ptj/Po and their values are

readily obtailneble from tebles such as those in reference 19). For the
two-~-dimensional case, the section mass-flow coefficient becomes

Also, for the ideal nozzle, and Ptj/Po less than critiecal,

As My

or, for the two-dimensional case the sectlon mass-flow coefficient is

(ATD)

C =

Q

o|a
FhE

With & convergent nozzle and pressure ratlos greater than critical, the
static pressure in the jet at the exit of the nozzle will not equal the
free-stream static pressure (p; # Pg), and the Mech number of the jet at
the exit of the nozzle will be 1.0. By use of equation (Ak) in (AS), the
jet-mass-flow coefficlent becomes

+
A1 (BeNT Iy 1 (a80)
Ca = B \ Do Mo 7 _ @
(1 + o.aajz)z(?'l)

where Mj = 1.0. As would be expected, equations (A6) and (A8s) provide
equal values of Cg at egual values of Ptj/Po’ if Aj/Sw for the con-

vergent nozzle equals A*/Sw for the convergent-divergent nozzle, For
the two-dimensionsl case the section mass-flow coefficient 1s
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} ..( = [(1 " 01%2)3] (48b)

By definition, the jet-momentum coefficlent is

_ total momentum of the flow at nozzle exit

W o8y

_ PAgYs=  A5(Ry - Po) 20)
AoSw Sw (49)

with the relationship
4y = 5 PM? (410)

equation (A9) becomes

od

Cu ™ ig® 5o o 1 ¥ g% 1] (a12)

If the nozzle expansion 1s to Py = po, then for both subcriticael and
supercritical pressure ratlos

cu=2ﬁ—i§%wi (a12)

Combined with equation (A5), equation (A12) becomes for the case of
Isentropic flow

Cu = 2Cq 540 (Al3a)

For the two-dimensional case the sectlon Jet-momentum coefficient is

2cq, ﬁio (AL3b)

By the use of equation (All) a comparison can be made of the total momentum
at the exit of an ideal convergent-divergent nozzle with that at the throat

(which would be the total momentum for a convergent nozzle). Thus

c* _ & [og*/po(r + M*%)- 1]
had LR (A1)
Cuy B [p3/po(1 + M%) = 1]
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In the isentropic case for pj = Py, and using equation (Al),

*

Ptj 1 +9 _
P _7
P <1+%_l7-1
Cp _ A7 = (A15)
Cuj J M5

or

*
Eﬁj _ a* 1-268(Pt3 /Do) - 1 (816)
Cuj KE l-hsz

(Note that (pg,*/p,) = (Py./Po), and that both A*/As and Mj are a func-
tion of (p_bj/jpo).) Thus, equation (A16) gives the ratio of the total.

momentum at the exit of a convergent nozzle to that at the exit of an
ideal convergent-divergent nozzle having the same throat area as the
convergent nozzle.

The charts of figures T6 and 77 present a graphic solution of the
equatione interrelating the mess-flow coefficient, free-stream Mach number,
the momentum coeffilcient, the ratio of nozzle area to wing reference area
(proportional to s/c for the two-dimensional case), and the pressure
ratio. For a nonlsentroplc process between the reservoirs of the free
stream and the jet, it is necessary to tske Into account the changed reser-
voir conditions of the nozzle flow. It should be noted in connection with
these charts that the theoretical momentum of the jet msy differ consid-
erably from the sctual value. For example, this occurs when the pressure
field into which the jet exhausts from the nozzle is less than the free-
stream static pressure. Thenrn the nozzle flow is subject to an effect
similer to the Coanda effect for a Jet exhausting into smbient sir; +that
is, the actual pressure at the exit of the nozzle is reduced below the
free-stream static value, thereby increasing the effective pressure ratio.
Thus, for pressure ratios less than critical, a reduced nozzle-exlt pres-
sure would increase the mass flow and the momentum of the jet sbove the
values that would be computed for a pressure ratlo based on the free-stream
static pressure. For pressure ratlos above the criticel there would be no
effect on the mass flow, but the momentum of the jet would increase with
an increase in the exit veloclty. For pressure ratios less than critical
the local pressure field at the exit of the nozzle is usually unknown, or
difficult to obtain, so that it is much more convenient to base the momen-
tum coeffiecient on the free-stream stetic conditlon; this was the case 1n
the present report. For pressure ratios gbove the critical the local
pressure field should only have a small effect on the over-all pressure
ratio. However, as equation (Al6) indicates, the momentum of the jet will
depend onr the nozzle design. Thus, particularly at pressure ratios much
greater than critical, the computation of the momentum coefficient should
be in accordance with whether the nozzle is convergent, or convergent-
divergent.


http://www.abbottaerospace.com/technical-library

30 <. NACA RM AS6CO1

APPENDIX B

DERIVATION OF THE POWER REQUIRED TO COMPRESS THE AIR FOR

A BLOWING SYSTEM

In a8 steady-flow process the power required toc maintain the flow 1s
defined as the product of the mass flow and the work done per unit of
mass flow. For isentropic flow relationships the horsepower required to
compreseg the blowing-system air from free stream total pressure to the
jet total pressure is

I L M N (?
hp 550 y - 1 ptd (B1)

Substituting equation (Al) into (Bl) and expressing the velocities and
densities in terms of Mach number, total pressure, total temperature,
and stagnation velocities of sound ylelds the following equation for the
horsepower per square foot of wing reference srea expressed in terms of
the section mass-flow coefficient o

5C5QO 4 ? 1 (1 + oMOQMOZ) Std< )@t3>< 0>Pt.j (P'bj

With equstion (A3), and noting that (st /agtq) = (Tg J/Tata) ™ ® equation
(B2) becomes .

-l oo ()m(“)r’ -G
By T30 7 - 1 (1 ¥ 0.aom)® o 0Tsta/  \Feg) Pt

Regrouping the terms to provide the pressyre ratio Pt /pt within the
bracketed expression gives . °

& - %5 @etaPatd 7 =T (1+ siog{oz)s K d)’”( stdﬂ C’t()—

é”l'%'

(B2)

(B3)

(BY)

Equation (BL4) is appliceble for use in flight or atmospheric wind tunnels.

However, the total-temperature ratio and the total-pressure ratio mst be
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evalusted differently in each application. If A 1is a correction factor
for ambient or atmospheric conditions differing from standard,

SCHRED)

and by the use of the approximstion that (1 + 0.252) = 1.0 in equa-
tion (Bh), the corrected horsepower per square foot of wing srea becomes

r=1
hp _ °q v4 N7
KS% = 550 staPstd 7 - 1 "0 @_ta' -1 (85)

A graphical solubtion of this equation is presented as figures 79 and 80.
With the assumption that the Mach number function equals 1.0 there results
a8 maximum error in the horsepower per square foot of wing area of about

1 and 3 percent for pressure ratios up to 10 for the flight, and for the
wind-tunnel solutions, respectively. It will be noticed that the total-

r-1
pressurs Eatio in equation (B5) (Ptj/Pto ¥ could be put in the form
(Ptj/Pc>7 [1/(1 + 0.2452], but in this case the assumption that

(1 + O.EMOZ) = 1.0 results in increasingly large errors as the pressure
ratio approaches 1.0, Thus, in using flgures 79 or 80 to f£ind the horse-

power Tunction, the total-pressure ratio Ptj/Pto mist be used. The

flow charts of figures T6 and T7 give the pressure ratio in terms of
Py /p,s which must be multiplied by Po/Py, foOr the given Mach mumber

to find Pty /Pt for use with the horsepower charts. The constant *"g"

lines on thele power charts are restricted to wind-tunnel usage for the
same reasons discussed in footnote 4 in regerd to the flow charts.


http://www.abbottaerospace.com/technical-library

32

[

10.

11.

NACA RM AB6COL

REFERENCES

Seeyald, F.: Increesing ILift by Reieasing Ccmpresséd Alr on Suction
de of Airfoil. NACA TM 4hl, 1927.

Reid, E. G., and Bamber, M. J.: Preliminary Investigatlon on Bound-
ary layer Control by Meense of Suction and Pressure wlth the U.S.A.
27 Airfoil. NACA TV 286, 1928.

Wieland, K.: Experiments With a Wing From Which the Boundery Layer
is Removed by Pressure or Suctlon. NACA TM 472, 1928.

Schwier, W.: Iift Increase by Blowing Out Air, Tests on Airfoll of
12-Percent Thickness, Using Various Types of Flap. NACA TM 1148,
19h7. ' _

Schwier, W.: Lift Increase Produced by Blowing a Wing of a Profile
Thickness of 9 Percent, Egquipped With a Slat and a Slotted Flap.
Rep. No. F-TS-645-RE, Air Materiel Command Trens., Aug. 1946.

Boyer, Imther J.: Preliminary Investigation and Evelusation of the
Coanda Effect.” Tech Rep. No. F-TR-2207-ND, Air Materilel Command,
Aug. 1948. . '

Nunemeker, John J., and Fisher, Jack W.: Two-Dimensional Wind
Tunnel Investigation of Boundary-Layer Control by Blowing on an
NACA 23015 Airfoil. Rep. No. 023, Municipal Univ. of Wichita
Engr., Apr. 1950. ' f . .

Rebuffet, P., end Poisson-Quinton, Ph.: Investigations of the
Boundary~Ileyer Control on a Full Scale Swept Wing With Alir Bled
Off from the Turbojet. NACA TM 1331, 1952.

Harkleroced, E. L., and Murphy, R. D.: Two-Pimensional Wind-Tunnel
Tests of a Model of an FIF-5 Alrplane Wing Section Using a High~
Speed Jet Blowing over the Flap; Pert I - Tests of a 6-Foot Chord
Model. Aero. Rep. 845, David W. Taylor Model Basin, May 1953.

Goldsmith, John: Boundary Layer Control for Various Modifications
of Sweptback Wings. Rep. R-15037-5, East Hartford Research Dept.,
United Aircraft Co. Sept. 16, 1948.

Attinello, John S.: The Supersonlc Blowing Jet for Wing-ILift Augmen-
tation. Rep. No. DR-1706, Navy Dept. Res. Div., Oct. 1954.

Wallace, Richard E., and Stalter, J. L.: Systematlic, Two-Dimensional
Tests of an NACA 23015 Airfoll Sectlon With a Single-Slotted Flap
and Circulation Control. Aero..Rep. 120, Municlipal Universlity of
Wichita, Aug. 1954.


http://www.abbottaerospace.com/technical-library

NACA RM A56COL L 33

- 13.

1k,

15.

v16.

1i7.

19.

Kelly, Mark W., and To%hurst, William H., Jr.: Full-Scale Wind-
Tunnel Tests of a 35  Sweptback Wing Airplane With High Velocity
Blowing Over the Trailing-Edge Flaps. NACA RM A55109, 1955.

Allen, Julian H., and Vincenti, Walter G.: Well Interference in a
Two-Dimensional-Flow Wind Tunnel With the Consideration of the
Effect of Compressibility. NACA Rep. 782, 19kk.

Ames, Milton B., Jr., and Sears, Richard I.: Determination of
Control-Surface Characteristics from NACA Plsin-~Flap and Teb Data.
NACA Rep. 721, 19k1.

Kelly, John A., and Hayter, Nora-Iee F.: Lift and Pitching Moment
at Low Speeds of the NACA 6LA010 Airfoil Section Equipped With
Various Combinations of a lLeading-Edge Slet, Leading~Edge Flap,
Split Flep, snd Double-Slotted Flap. NACA TN 3007, 1953.

Wenzinger, Carl J., and Harris, Thomas A.: Wind-Tunnel Imnvestigation
of an NACA 23012 Airfoil With Various Arrangements of Slotted
Flaps. NACA Rep. 664, 1939.

Williams, J.: An Analysis of Aerodynamic Date. on Blowing Over Trail-
ing Edge Flaps for Increasing Lift. Rep. No. 17,027, British
A.R.C. Performsnce Sub-Committee, Sept. 6, 195k.

Ames Research Staff: Equations, Tables, and Chaxrts for Compressible
Flow. NACA Rep. 1135, 1953

L\ %4


http://www.abbottaerospace.com/technical-library

34

TABLE I.- INDEX TO THE DATA FOR THE NACA 0006 ATIRFOIL SECTION

NACA RM AS56COL
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A-19240

Figure 1.~ The horizontal dividers installed in the T7- by 10-foot wind
tunnel to provide a 4~ by 10 foot test section; view downstream.
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A-19300

Figure 2.~ The model installed in the k- by 10-foot test section.
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A-18301

Figure 3.- A detailed view of the model with flap A showing the exit of
the nozzle.
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Figure k.- The NACA 0006 airfoil showing the 30-percent-chord flap A, the 15-percent-chord
leading-edge flep, and the nozzle details.
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Pigure 5.~ The various flap conflgurations tested.
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Figure 6.- Sketch of flaps A, B, and C deflected 60°.
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Figure T.-~ The selected locations of the nose of the single-slotted flsap
and of flap A for various flap deflectioms.
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Figure 9.~ Effect of slotted-flap deflection on the 1ift of the model
with the nose flap deflected 0° aend 30°; R = L.oxa08.
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the extended position; s/c = 0.00110; &, = 35°.
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Figure 54.- Continued.
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Figure 54.- Concluded.
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Flgure 55.~ Effect of angle of attack and of blowing on the chordwise

distribution of pressure of the model with flap A deflected 500 in
the extended position; s/c = 0.00110; &, = 35°.
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Figure 55.~ Continued.
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Figure 55.- Concluded.
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Figure 56.- Effect of angle of attack and of blowing on the chordwise

distribution of pressure of the model with flap A deflected 60° in
the extended position; s/c = 0.00110; &, = 35°.
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Figure 56.- Continued.
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Figure 56.~ Concluded.
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Figure 57.- Effect of blowing on the chordwilse dlstribution of pressure

of the model at a constant angle of attack (ay = <).0%) with flap
deflected 50° in the extended posltion; s/c = 0.00110; &, = 35°.
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Figure 57.~ Continued.
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Figure 58.- Effect of angle of attack and of blowing on the chordwise

distribution of pressure of the model with flap A deflected 50°
againet the nozzle; s/c = 0.00110; B, = 35°.
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Figure 58.- Concluded.
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Figure 59.~ Effect of angle of attack and of blowing on the chordwlse
distribution of pressure of the model with flap A deflected 60°
against the nozzle; s/c = 0.00110; &, = 350.
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Figure 59.-~ Continued.
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Figure 59.- Concluded.
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Figure 60.- Effect of flap position on the 1ift of the model with flap A; -
s/c = 0.00110; &, = 35°.
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Figure 61.- The variation of the 1lift coefficient at zero degrees angle
of attack with the mass-flow and the Jjet-momentum coefficients for

the various flaps tested; s/c = 0.00110; &, = 35°.
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Figure 61l.~ Continued.
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Figure 61.- Concluded.
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(a) Flap A against the nozzle; & = 50°; &, = 35°.

Figure 62.- The effect of nozzle height on the variation of the
increment of 1ift coefficilent with the mass-flow and jet-momentum
coefficients. T
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Figure 62.- Continued.
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Figure 62.~ Concluded.
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Figure 63.~ The effect of nogse-flap deflection on the variation of the
Increment of 1ift coefficiept with the mass-flow end jet-momentum
coefficients; flap C; s/c = 0.00110; & = 50°.
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Figure 64.- Sketches showing the arrengement of the flap and blowing systems for each of the
referenced investigations.
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Figure 65.~ The effect of the Jet-momentum coefficient, c,, on the variation of the increment
of lift coefficlent with flap deflection; flap A extended; NACA 0006 alrfoil section;
g/c = 0.00110; By = 35°.
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Figure 66.- The effect of the jet-momentum coefficient, ¢, , on the varia-
tion of the increment of 1lift coefficient with flap de%lection; flap A
against nozzle; NACA 0006 airfoil section; &, = 35°.


http://www.abbottaerospace.com/technical-library

NACA RM A56C01 L

———Theory Theory
5 Fiep B —Flap G Cun
G 4 0.24
’/ 3 T
L 21 | o024 ///”' Vgl S T
‘T R = B
Ve .
,/‘:/; 08 ,,/: 08
3 //; e N
1 \\ 1 ~ 04
N e o~ 02
2 ~n e — - o o J
T O.oz t 1 o
— O Single siotted flap,fig.®
_ () Flap B. 8, =30° (b) Flap C.
’;2 O Refl!€ Double siotted flap,
4 ¢; =0.306¢c, §,=30°,
~ 5 NACA 64A0I10
—— — Theory ——— Theory
Flap D - Cu Flap F Cp
~ 0.24 || o=24
4 /;/4/_—— -16 - ] 16
:( |_—1 ,,/f”:’:;;, J2
3 =TI\ 7
N 7
R \\ —
08 \
2.4 4—J5:=> N
- = ~ os
Y 02
(o}
l
50 60 70 80 50 60 70 80
3
(c) Flsp D. (d) Flep F.

Figure 6T7.- The effect of the Jet-momentum coefficient, ¢, on the varia-
tion of the increment of 1ift coefficient with flap de%

0006 airfoil section; s/ec = 0.00110; 5,

= 350,

lection; NACA


http://www.abbottaerospace.com/technical-library

6
————Theory
Ref. 5
5
Cpu
e
4 A%
| /zj/ —
’g" 3 /A//{——_.l A2
3 y
/l e QG
T T =
1" | —1°
| ‘¢,{///
Y=
Vidl
0 10 20 30 40 50 60 70 80

3

Figure 68.- The effect of the jet-momentum coefficient, ¢y, on the variation of the Increment
of 1ift coefficient with flap deflection for the flap of reference 5; OC09-E} airfoil
section; slat positiom 44 (10); s/c = 0.0050.
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Figure 69,- The effect of the jet-momentum coeffiecient, ¢, on the variation of the increment
of 1ift coefficient with flap deflection for the flap of reference 9. NACA 64A010 airfoil
section; flap position D; 8, = 20°.
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Figure 70.- The effect of the Jet-momentum coefficient, ¢, an.the variation of the increment
of 1Pt coefficient with flap deflection for the flaps of reference lt; NACA 23012-64 airfoil
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Figure Tl.- The effect of the Jet-momentum coefficient, ¢, on the variation of the increment
of lift coefficient with flap deflection for the flap of reference 12; NACA 23015 airfoil

section; no leading-edge high-lift device.
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Figure 768.- The variation with the pressure ratio of the ratio of the momentum coefficient

for a convergent nozzle to that for & convergent-divergent nozzle.
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