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LARGE-SCALE WIND-TUNNEL TESTS ON AN ASPECT RATIO 2.17
DELTA-WING MODEL EQUIPPED WITH MIDCHORD
BOUNDARY-LAYER~CONTROL FIAPS
By David G. Koenig and Victor R. Corsiglia

Ames Research Center
Moffett Field, Calif,

SUMMARY

//ﬁ?%Dg;

The wing-fuselage model had midchord flaps which were 10 and 15 percent
of the wing chord with hinge lines located along the 60- and 55-percent chord
lines, respectively. Both flaps extended from 17 to 57 percent of the wing
span, Deflecting the flaps left a cutout in the wing with the flap plan form
outline. For midchord flap deflections more than 30°, blowing boundary-layer
control was applied to the knee of the flap. The wing was also equipped with
full-span constant-chord leading-edge flaps and partial-span 15-percent
trailing-edge flaps which were deflected alone and in combination with the
midchord flaps. Tests were made in and out of ground effect at zero sideslip
over an angle-of-attack range of -2° to +22°. The Reynolds number for the
tests was 13.7X10° and the Mach number was 0.10.

Lift increments due to 6OO midchord flap deflections of 0.15 and 0.19
were measured at zero angle of attack with the 10- and 15-percent chord flaps,
respectively. Pitching-moment changes were negligible for the midchord flap -
configurations investigated. Deflecting the leading-edge flap improved
effectiveness of the flaps at the higher angles of attack. Calculations
indicated that for a landing wing loading of 40 psf for an aircraft trimmed
with either elevons or a canard, deflecting the 15-percent midchord flap 60°
would reduce the landing speed 44 or 58 knots, respectively. Deflecting the
trailing-edge flap in combination with the midchord flap for the canard con-
trolled aircraft reduced landing attitude but not landing speed. For a take-
off wing loading of 70 psf for an aircraft controlled either with elevons or
a canard, calculations indicated that significant reductions in the take-off
distance to an altitude of 35 feet and lift-off velocity could be obtained by

deflecting the midchord flap to 30°. 2_’ s

INTRODUCTION

An important factor affecting landing and take-off performance of most
aircraft is the 1ift available at a given take-off or landing attitude, the
attitude being governed by aircraft geometry. Trailing-edge flaps are
generally used to increase 1ift for a given attitude, but on aircraft with
low-aspect-ratio wings with little or no trailing-edge sweep, maximum usable



flap deflection and, hence, trimmed 1ift increment for a given angle of
attack are often limited by the size of the control used to trim the result-
ing pitch-down moments. Furthermore, the use of elevons on tailless aircraft
would probably eliminate the possibility of using trailing-edge high 1ift
devices.

One approach to the problem would be to use flaps located at some mid-
chord position. The investigation at small scale reported on in reference 1
as well as an investigation using a small-scale semispan mcdel indicated that
midchord split flaps had little or no effect on pitching moment and produced
very small 1lift increments relative to trailing-edge flaps of similar deflec-
tion, chord, and span. Further investigation using the semispan model
indicated that a midchord flap installation which consisted of deflecting a
center panel of the wing resulting in a cutout behind the deflected panel
produced considerably more 1ift than did a split flap of similar plan form
and location. In addition, a flap-hinge position was found near the 55-
percent chord line for which the flap had no effect on pitching moment but
produced a significant 1ift increment.

A subsequent investigation was made with a large-scale delta-wing and
fuselage model which had a wing plan form similar to that of the semispan
model. The wing had an aspect ratio of 2.17 and was equipped with 10- and
15-percent-chord midchord flaps with hinges located at the 60- and 55-percent
chord lines, respectively. The wing was also equipped with constant chord
leading-edge flaps and 15-percent-chord trailing-edge flaps which were tested
in combination with the midchord flap. The effectiveness of the flap at
large deflections was investigated with boundary-layer control applied to the
flap knee as required to minimize flow separation over the flap.

NOTATTION
b span, ft
c chord, ft
5 b/2
c mean aerodynamic chord, §h/q c2 dy, ft
D o]
Cp drag coefficient, ag
CDo model minimum drag coefficient
Cy, 1ift coefficient, é%
Cm pitching-moment coefficient, E%E
C“ blowing-momentum coefficient, %;S 'Vj
g acceleration of gravity, 32.2 ft/sec2




h height of moment center above the ground, ft

Cy

la distance from jr- to canard hinge line, ft

L 1ift, 1b

M pitching moment about the % station, ft-1b

P free-stream static pressure, lb/sq ft

P wing-surface pressure coefficient, EEEE—E

q free-stream dynamic pressure, lb/sq ft

S total wing area unless otherwise indicated by subscript, sq ft

Se total canard area, sq ft

Sasg take-off distance to an altitude of 35 ft, It

T thrust, 1b

v airspeed, knots

V3 Jet velccity, assuming isentropic expansion, ft/sec

W airplane gross weight, 1lb, or weight rate of flow, lb/sec

X chordwise location measured parallel to plane of symmetry, ft

y distance measured perpendicular to the model plane of
symetry, ft

o angle of attack of the wing, deg

o¢ trailing-edge flap deflection, normal to hinge line, deg

Bpr and Ofr midchord flap deflection normal to the hinge line, see
figure 2(b), deg

On leading-edge flap deflection, normal to the hinge line, deg
A incremental value, with « constant unless noted otherwise
2y

dimensionless spanwise location, ey

A sweep angle, deg



Subscripts and Abbreviations

BLC boundary-layer control

f flap

[/ local surface (pressure)

LO condition corresponding to lift-off during take-off

LE leading edge

MF 1, 2, 3, M, and 5 midchord flap configuration, see figure E(b)
R condition corresponding to rotation during take-off

TE trailing edge

u uncorrected

MODEL AND APPARATUS

The model is shown installed on the conventional support system in the
40- by 80-foot wind tunnel in figures 1(a) and (b) and on the ground plane
system in figure l(c). To study ground effect, the model was lowered toward
the wind-tunnel floor.

A two-view sketch of the model is presented in figure 2(a) and pertinent
details are listed in table I. The model consisted of a wing, fuselage, and
vertical tail. The wing was equilpped with leading-edge, midchord, and
trailing-edge flaps. The flap plan forms are defined in figure 2(a). The
leading- and trailing-edge flaps were plain. The hinge of the leading-edge
flap was located near the wing lower surface and that of the trailing-edge
flap, on the wing chord plane.

A sectional view of the midchord flap is presented in figure 2(b). The
deflected midchord flap formed a cutout in the wing behind the deflected
flap. The hinge lines of the 10- and 15-percent chord flaps were at 60- and
55-percent chord, respectively, with the aft edge of the cutout or lip fixed
at fO-percent chord. A nozzle for boundary-layer control was installed in
the flap radius as shown in figure 2(c). Boundary-layer-control air was
supplied by a centrifugal type compressor and was ducted to the nozzle via a
duct located inside the flap. Mass rate of air flow was measured by means of
a standard ASME flat-plate orifice permanently installed in the ducting
system.,

For a portion of the investigation, a flap that would be formed py the
rotation of a full depth portion of the wing was similated, as shown in
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figure 2(b), by adding a separate panel of wedge cross section to the flap
lower surface and by replacing the rounded-wing lip with a lip of rectangular
cross section.

Pressure orifices were installed on the wing along a streamwise wing
station at 50-percent wing semispan. The orifices on the flaps were located
at this station with the flaps retractled.

TESTS AND PROCEDURE

Force and moment data were obtained for the model through an angle-of~
attack range from -2° to +22°., Tests were made at zero sideslip with the
model in and out of the presence of the ground. Table IT is an index to the
configurations tested.

For a few model configurations, force and moment data were obtained with
varying Cy at constant nominal angle of attack. For the variable angle-of-
attack tests with BLC on, the weight rate of flow was held approximately
constant at a value slightly above the critical value determined by the
results of the variable C, tests at a = 0° for a corresponding midchord
flap deflection.

A1l tests were made at a free-stream dynamic pressure of 15 pounds per
square foot, which corresponds to a Mach number of 0.10 and a Reynolds number
of 13.7X106 based on the wing mean aerodynamic chord.

DATA REDUCTION AND CORRECTIONS

Forces and moments for the model were derived from the mechanical scale
data for both systems of model support. The moment data were referred to the
0.25¢ point and are presented as such unless otherwise noted.

For data obtained on the conventional support system, no corrections for
strut tip tares have been applied except for the data used in the derivation
of trim characteristics. The following wind-tunnel wall corrections were
made to the data:

Aa

1.06 CLy
ACp = 0.0184 Cr~

The data obtained on the ground-plane system were not corrected for the
wind-tunnel wall but those obtained at the highest ground height were cor-
rected to correspond to out of ground effect. The wind-tunnel wall correc-
tions used in this case were identical to those for the conventional support
system.



Al]l data obtained on the ground-plane system were corrected for strut
tare and wind-stream angularity as follows:

@ = dy + g

CL = Cr, - Cpy sin %y,

Cp CDu + CLu sin aa,+-ACDtare

Cp = C

Ty + ACmtare

where ag was 1.7° and 2.0° for h/c = 0.32 and 0.66, respectively. The
strut tares, ACDigpe 20nd ACmiyp.es Were based on system calibrations with
struts alone. The stream-angularity corrections, 1.7° and 2.00, were deter-
mined as the deviations in model angle of attack from geometrical zero angle
of attack required to obtain CI, = 0.03 (the value obtained on the conven-
tional support system).

RESULTS AND DISCUSSION

Basic Force and Moment Data

Table IT may be used as an index to figures 3 through 9. Lift, drag,
and pitching-moment data for the model with the midchord flap deflected are
presented in figures 3 through 7. Data for the model with the midchord flap
undeflected are presented in figure 8. Results of tests of the model on the
ground-plane support system with and without the midchord flap deflected are
presented in figure 9. Variations of Cp with C_, measured for several test
conditions are presented in figure 10, The tick marks placed on the curves
indicate the approximate Cpy for complete flow attachment as determined by
surface pressure distribution.

Effect of the Midchord Flap on the
Aerodynamics of the Model

Chordwise loading.- Chordwise pressure distributions at the 50-percent
semispan station are presented in figure 11 for the 15-percent chord flap.
The values of x/c used for the flap pressure measurements correspond to the
orifice locations measured with all wing flaps retracted.

The effect of the midchord flap can be seen in figure 11. The wing
section with the midchord flap deflected can be considered as two tandem
airfoils. The circulation on the forward airfoil resulting from the deflec-
tion of the midchord flap induces a downward loading on the portion of the
wing behind the midchord flap. Evidence of this is shown in figure 11 where
more negative pressure differentials in a downward direction on the rear
portion of the wing were generally obtained with BLC on than with BLC off.

6




The exception was the leading edge of the rear portion of the wing where flow
separation evidently occurred on the lower surface with BLC on, reducing the
pressure differential, The increased 1ift on the forward portion of the wing
is sufficient to offset the negative 1ift induced on the aft portion, causing
a net gain in 1ift. Correspondingly, the center of pressure is located
Tarther forward on the airfoil with a midchord flap than on an airfoil with

a trailing-edge flap.

Increasing angle of attack reduces the pressure differential between the
upper and lower surface on the wing aft of the midchord flap. This probably
reduces the quantity of air flowing through the wing cutout and reduces the
flap 1ift increment with increases in angle of attack.

The effect of flap chord and position on 1ift and moment.- The ratios of
1ift and moment changes to flap deflection for several combinations of flap
chord and chordwise position with the model at o = 0° are plotted in fig-
ure 12 versus chordwise location of the flap hinge lines. To augment the
data of the present tests, small-scale data and some calculated results are
also presented., The small-scale data were obtained using a semispan model
with wing plan form and flap installations similar to those of the large
model. Measured values for the trailing-edge flaps were corrected to a span-
wise extent corresponding to the midchord flap by adjusting the values in
proportion to the corresponding wing areas spanned by the flaps.

The effect of flap chord and chordwise position on the lift and moment
changes due to flap deflection is indicated in figure 12 by the curves faired
through the large-scale values following the trends indicated by the small-
scale data (for a 15-percent chord flap). The flap hinge locations for zero
pitching-moment change with flap deflection appear to be about 62- and
57-percent wing chord for the 10- and 15-percent chord flaps, respectively.
It also appears that for these flap locations (for ACm/Smf = 0), flap 1lift
increments obtained with either the 10- or 15-chord midchord flaps were
approximately one-third those which would be obtained with trailing-edge
flaps of equivalent plan form and deflection.

Lift inecrement.- The variation of midchord flap 1lift increment with flap
deflection for o = 0 is shown in figure 13 for both the 10- and 15-percent
chord flaps. Fairing of the data representing BLC off was made with the
assumption that BLC was not required for flap angles below 30°: It is evi-
dent for both flap chords that with the flaps deflected 60° the flap 1lift
increment obtained with BLC on was approximately twice that obtained with ELC
off . With BLC on, the 1lift increments obtained were approximately 0.15 and
0.19 for the 10- and 15-percent chord flaps, respectively.

The variation of flap 1lift increment with angle of attack is presented
in figure 14 for the 15-percent chord flap deflected in combination with
several leading-edge flap deflections. The decreasing flap 1ift increments
with angle of attack (see figs. 6 and 8) reflect the reduced 1lift curve
slopes typical of all midchord flap configurations of the present large-scale
tests. By comparison, figure 8 indicates the 1ift increment of a trailing-
edge flap is relatively constant with angle-of-attack change until either the



wing or flap is stalled. The major effect of the leading-edge flap on the
midchord flap 1lift increment was to increase the angles of attack at which a
rapid loss in 1ift increment occurs.

Figure 15 shows the effect of blunting both the midchord flap trailing
edge and the lip of the rear portion of the wing. As shown by figure 15, for
both &pf = 45° and 60°, either adding the wedge to the flap lower surface or
blunting the wing lip slightly reduced the flap lift increment and at the
same time reduced the flap 1ift increment about 16 percent for angles of
attack near 12°. As shown by the sketch of figure 2(b), the effect of blunt-
ing both flap and wing lip is to simulate a flap formed by rotating a full
depth wing panel by an angle, By,

The effect of trailing-edge flap deflection on the midchord flap 1lift
increment is shown in figure 16 for Byr = 60° with and without BLC. With
BLC on, deflecting the trailing-edge flaps to 20° resulted in a reduction of
midchord flap 1ift increment equivalent to percentage losses of 23 and 35
percent for o = 0° and 120, respectively.

Aircraft Performance With a Midchord Flap

Basic trim data.- Characteristics of the model in trimmed level flight
are presented in figures 17 and 18 for an elevon- and canard-controlled air-
craft, respectively. TFor the elevon~-controlled characteristics, the trailing-
edge flap was used for pitch control and the test data were extrapolated as
required to negative values of flap deflection, Of, for use in the derivation.
For the canard-controlled characteristics, a canard volume, SCZC/SG, of
approximately 0.16 was assumed with corresponding trim 1ift and drag incre-
ments equivalent to an aspect-ratio-2 delta wing with a total area of about
11 percent of that of the wing. Canard-fuselage gap effects, mutual inter-
ference betwecen the canard and the fuselage, and the canard influence on the
wing were not considered. The static margin near «=0° for the resulting
trim data varied from 1 to 4 percent depending on wing configuration.

Characteristics during landing appreoach.- The variation of thrust-to-
weight ratio with airspeed is presented in figures 19 and 20 for an elevon-
and canard-controlled aircraft, respectively, with a wing loading of 4O psf.
The trim data of figures 17 and 18 were used to derive these results assum-
ing no thrust contribution to 1lift and using a landing-gear drag increment
of 0.012. Minimum speed for landing approach are indicated on the curves and
are based on the criteria of O(T/W)/dvV 2 0.

The data of figures 19 and 20 indicate that with the leading-edge flaps
undeflected, the deflection of the 15-percent chord midchord flap to 60°
reduced the landing-approach speeds by 44 and 58 knots for the elevon- and
canard-controlled aircraft, respectively. The corresponding angle of attack
decreased from approximately 6° to 5° for the elevon-controlled aircraft and
increased from 6° to 70 for the canard-controlled aircraft. Further reduc-
tions in landing speed were obtained with the leading-edge flap deflected for
the midchord and trailing-edge flap deflections investigated. The deflection
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of the trailing-edge flap alone or in combination with the midchord flap with
the canard used as control had little effect on landing-approach speeds but
reduced the approach angle of attack by about 3°. A desirable landing con-
figuration for the canard-controlled aircraft would therefore be a combina-
tion of both midchord-flap and trailing-edge flap deflections which, as shown
in figure 20(0), would result in a landing attitude of 8° corresponding to a
landing-approach speed for neutral speed stability [O(T/W)/OV = O] of 133
knots.,.

Take-off performance.- The effect of midchord-flap deflection on take-
off performance was investigated for a gross weight of 450,000 1b and wing
loading of 70 psf for both the elevon- and canard-controlled aircraft. Com-
puted take-off distances are presented in figure 21 as functions of thrust-
to-weight ratio T/W. The computed distances represent "not day" values and
all values of T/W presented represent equivalent standard-day sea level
static thrust. Pertinent details and assumptions used in the computation are
presented in appendix A. In order to expedite calculation, two simplifying
assumptions for calculating transition were made, namely, constant ground
effect for altitudes to 35 feet, and constant angle of attack during
transition.

The results of the calculations presented in figure 21 demonstrate that
using the midchord flaps can improve take-off performance of either the
canard- or elevon-controlled aircraft. As shown in figure Ql(a), for the
elevon-controlled airecraft, deflecting the midchord flaps to 300 for a maxi-
mum rotation angle, ajg = lOo, total take-off distance to an altitude of 35
feet was reduced by approximately 800 feet for the values of T/W considered
with an accompanying reduction in 1lift-off velocity of about 15 knots. These
improvements were slightly less for orn = 12°., For the canard-controlled
aircraft, data shown in figure 21(b) indicate that improvements in take-off
performance obtained with the midchord flap deflected 30° approach those
which would be obtained with the trailing-edge flap deflected 10°. For the
meximum rotation angle, apg = 10°, average reductions in take-off distance
of 600 and 900 feet were obtained with the midchord flaps and the trailing-
edge flaps, respectively. At the higher rotation angle (GLO = 12°), the
principal improvements were in the reduction in lift-off velocity of 10 or
17 knots for the midchord or trailing-edge flaps, respectively.

CONCLUDING REMARKS

Results of large-scale wind-tunnel Tests on a low-aspect-ratio delta-
wing fuselage model equipped with midchord flaps indicate that significant
1ift increments could be obtained with negligible pitching-moment changes for
a moment center located at the quarter-chord point of the mean aerodynamic
chord., Flap 1ift increment was approximately doubled by the use of BLC for
60° flap deflection resulting in values of 1ift increment of 0,15 and 0,19
for the 10~ and 15-percent chord flaps, respectively. Deflecting the leading-
edge flaps improved effectiveness of the flaps at the higher angles of attack.



Results for the model trimmed by means of either elevon or a canard for
a landing wing loading of LO psf indicated that landing speeds corre-
sponding to the speed stability criterion, O(T/W)/dV = 0, could be reduced
by 44 and 58 knots with the aircraft trimmed by elevons or a canard, respec-
tively. Reductions in landing-approach attitude but little change in landing
speed can be made for the canard-controlled aircraft with the use of trailing-
edge flaps in combination with the deflected midchord flap. Take-off calcu-
lations for an elevon-controlled aircraft with a wing loading of 70 psf
indicated that the midchord flap deflected to 30° without BLC would reduce
take-off distances by about 800 feet and 1lift-off velocities by about 15
knots. For canard-controlled aircraft of the same wing loading, the magni-
tude of these reductions approach those obtained with a trailing-edge flap
deflected 100,

Ames Research Center
National Aeronautics and Space Administration
Moffett Field, Calif., Sept. 18, 1964

10




APPENDIX A

TAKE-OFF COMPUTATION

Four engine take-off distances were computed using the subject test data
for the model in and out of ground effect. The basic differential equations
of motion were integrated on an electronic computer with the take-off
sequence as follows:

1. ©Standing start to velocity for rotation, VR.

2. Airspeed, VR, to lift-off velocity, VIO, with the aircraft rotating
to a maximum angle of attack, ajp, attained simultaneously with
the reaching of VIO.

3. Transition from a point for Vigo (CL, Cp, constant) to an altitude
of 395 feet (VLO was defined as that velocity for which
W =110 + T sin ar0).

The problem constants used in calculating take-off distance are as
follows:

Gross weight, W « « « o« « « &« « « o & « « « « 150,000 1b
Atmosphere + « o « ¢ ¢ 4 ¢« « ¢« . « . . sea level, B85°F

Wing loading (constant) « ¢« « « v + ¢ ¢ v o « « . 70 psf
Rolling friction coefficient .. . . . + « . + « «» 0,02
ROtation Tate « o o o o « o o o o o « « o o + « o« 39sec
Thrust incidence .+ « o o v o « o o & o o o « o o« » o 0O
Ground Toll, G o o o o o o o o s o o o o o 0 s e . . 0°

The values of gross weight and wing loading are typical of proposed super-
sonic transport designs.

The aerodynamic data used for conditions of V 2 VR were derived from
the trim data of figures 17 and 18 by adjusting the trim 1lift and drag for
ground effect using increments of Cr, and Cp obtained from the data of
figure 9. These increments were added directly for corresponding angles of
attack. For ground roll prior to reaching VR, data for the model at a = 0°
with the controls neutral were used in the calculations.

Values of thrust used for the calculation are presented in figure 22.
The values are believed to reflect typical changes caused by ambient air
temperature and airspeed for an engine with a 1.5 bypass ratio and
augmentation.

Both the JC 805 fan jet engine and a turbojet engine, such as the J57,
were investigated. A design procedure similar to those outlined in refer-
ence 4 was used to calculate thrust losses due to engine compressor airbleed
to supply the midchord flap BLC system. The nozzle area was sized for the
lower available compressor-bleed pressure during landing, using a value of

11




Cp = 0.022, a duct loss of 30 percent, and a 3° descent slope at an airspeed
of 140 knots. For take-off, the thrust losses due to airbleed were computed
for an airspeed of 160 knots, a standard-day value of T/W = 0.42, and assum-
ing no throttling to reduce excess duct pressure. The thrust losses from
compressor bleed were 2.3 and 1.1 percent for the turbojet and fan jet,
respectively. The lower thrust loss was used in adjusting the thrust data

of figure 22 for application to the take-off calculations for the 4509 mid-
chord flap deflection. No bleed air is necessary with flap deflected 3009,

12
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TABLE I.- GEOMETRIC DATA

Wing

Area S, T12 v v v v v e e e e e e e e e e e e e e e e e e . 445,63
Span, by, £t w v v v 4 0 . . e e e e e e e e e e e e e e e e e 31.10
Ty T e e e e e e e e e e e e e e e e e e e e e e e 19.11
Aspect Tatio v« v v 4 4 v i 4 4 e e e e e e e e e e e e . 2.7
Taper ratlo o v o o 4 4 4 o 6 o 4 o & 5 o 0 e 0 e e e e s e e e e . .+ .0
Airfoil section & o o 4 ¢ ¢ 4 @ 6 e e 4 6 e e e e e e e e e . NACA 0003-03
Root chord, Tt « v v v o v o o & o o o o o o o o o o« o o o o . 28.67¢
Sweep /b, AEE v v v v e e e e e e e e e e e e e 50.4
LTEs €8 v o o o o 4 4 4 o e o 4 6 e e e e e e e e 59.0
TEy GEE 4 o 4 o o o o s o o o o s o o o o o o+ o o o o -10.0

Sweep of flap hinge, deg
LE 18D + v o o o v v v v o et e e e e e e e 59.0
TE £18D « o 0 o o o o v 0 e e e e e e e e e e e e e e . 5.7
MF 1(cr/c =0.15) v v v v v v v v o . . 33.2
M W(cp/c = 0.10) v v v v v v v h e e e 29.3

F'lap area, sq ft

IE & o v v e i e e e e e e e 46,6
e e e 4 e o 6 4 e e e e e e e e e e e e e e e e e e e e e e 46,80
M 1(ef/c = 0.15) v v v v v v v e e e e e e 33.8
MF 4(cg/c = 0.,10) 22,50

1k

FUSELAGE COORDINATES

otation, ft | Radius, ft Station, ft | Radius, ft
0 0.02 36 2.02
2 .30 38 2.03
L .53 40 2.03
6 12 W 2.03
8 .88 Ll 2.03
10 1.03 e 2.01
12 1.18 48 1.98
14 1.33 50 1.93
16 1.46 52 1.87
18 1.58 54 1.77
20 1.68 56 1.63
22 1.76 58 1.48
ok 1.83 60 1.27
26 1.88 62 1.03
28 1.92 S ST
30 1.9 66 43
32 1.98 67.29 .02
3 2.00
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TABLE II.- INDEX TO BASIC DATA AND MODEL CONFIGURATIONS

. Notation dn ¢ dmf
Figure no. or h/z deé deé deé BLC
Conventlonal support system

3{a) MF i{cr/c = 0.15) 0 0 20, L5 Off

(p 45, 60| Off, on

30 45, 60| Off, on
(aj 45 L5, 60 | OFf, on
(b) 71 Off, on
(c) 10, 20 45 Off, on
(d) 10, 20 60 Off, on

6(a) MF 1, 2, 3 0 L5 Off
(b) (ce/c = 0.15) On
(c) 60 Off
(d) On

7(a) and (b) 0 Off

MF L(cr/c = 0.10) 45, 60| Off, on
MF 5(cf/ec = 0.10) 60 Off, on
8(a) Base runs 0, 30, 0 0 orf
Lo
45 10, 20
(b) 0, k5] 10
Ground plane system M L(cf/c = 0.10)

9(a) 0.32, 0.66, L5 0 0 Off
(b) 0.32, 0.66, 60 On
(c) 0.32 0, 10, 20 0 Off
(a) 60 On
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Round wing lip (see table)

Biunt wing lip
approximately as shown

55¢ or 60c —

Blunt flap TE Sm¢ values Iisted/\ \

for this were as shown for basic

[+ /4

mf

Smf

70c¢ (ref)

MF1 or MF4
7
N\ t >
o Round lip (streamwise)
° ordinates, inches
Hinge | Flap | Flap
Notation | location | chord | TE Lip Station | Lower | Upper
.80 80
MF I 55 15 Tcper Round 0‘5 -50 |.98
=17 1.0 —2I.02 %38
‘ 30 |-2.0I 6
MF2 Blunt | Round 50 |-244 | 258
70 |[-256 | 248
25 | -25 | 1.0l
MF4 60 I0 | Taper | Round n=57 5l -84 .17
.53 |-1.03 | 1.36
255 |[-1.24 | 1.3]
MF5 Taper | Blunt 356 |-130 | 120

(b) Section of midchord flap perpendicular to the hinge line.

Figure 2.~ Continued.



i 04 thick
Edge of wiper plate .0 ' Nozzle lip .06 thick

Average nozzle gap 022

Wing upper surface

Surface 10°arc tan to
nozzle surface

5.2

\ Wing lower surface

~ ref)

Chord plane for 8ms=O(ref)

Parting line, aft flap piece y

Note: All dimensions shown in inches

(c) Details of the nozzle profile; typical of all midchord flap
installations; section perpendicular to hinge line.

Figure 2.- Concluded.
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D/+£P~4}——B—————G
4 J‘/
CL
Bmir B
deg deg
o) 045 O
0 45 20
O 60 0
~
0 .001 .002 i .003 .004 .005

Cu
(a) MF 1(ef/c = 0.15); a = O°.

Figure 10.- Variation of Cf with Cy; 8, = 45°.
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() MF b(cr/c = 0.10); &p = 0°.

Figure 10.- Concluded.

8mf' a?

deg deg
O 45 0
0O 45 10
O 60 0
A 60 10

_OI’__—._&‘——:
nO)
.00l .002 .003 .004 .005
Cu
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S a,deg Cu

o 0.2 0.0027
-4 o 43 0027
o 85 0027
A 126 .0027
=3 o 1 0
P Flagged symbols lower surface

LE L Midchord_,
flap flap

L ! | ! 1
0 A 2 3 4 5
x/C

(a) B = 0°,

Figure 11.- Chordwise pressure distribution at the 50-percent span station with
the midchord flap deflected to By = 60°; & = 459, MF 1(cf/c = 0.15).
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a,deg C/‘l'
o 03 0.0038
O 45 .0038
o 86 0038 T
A 128 .0038
¢ 2 0

Flagged symbols lower surface

LE lMidchord
flap flap

x/C
(b) Of = lOO.

Figure 11.- Continued.




L6

-or a,deg Cp

o 05 0.0038
-4 O 46 0038
‘ ¢ 88 0038
| A 129 0038 I ! I
-3 | ¢ 3 o0
Flagged symbols lower surface !
I [ !
-2+ l
, I | [
= = W
/ ~ e —— — g a ... - :
2 ’&‘*‘—‘*"‘*_"I IRl >t
Vs = i — R - i
| | '- |
- I I I I I I' I I I
LE Midchord TE |
l flap flap flap

Figure 11.- Concluded.
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| Ct/c 2
| 10 15 2
O0F o O Large scale model
]
° ® Small scale model
008 = © O Caleulated using ?
references, 2and 3
ACL  0os //
S / A
mf n J/
| /
004 | )},4///
002 '/Q
. . /
0
. -
0 \m\
\. \
ACm_ NN\
Srnf 'ﬁ()C)Z: \\\\\ 3
o)
-004 |
H

-006
i) 4 S 6 7 .8 9

Figure 12.- The variation with flap chordwise position of the %ift and
pitching-moment increments due to flap deflection; Byr = 45%, BLC on for
the midchord flaps, &f = 20° for the trailing-edge flaps at a = 09,

6n = L|.5O.
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24

Sna deg

-~

e — oV

——— 45

16
%*\
~
A2 > ~\\%\\
\\\
.
o8 AN N

NI

0
-.04
-.08
0 ¢} 4q 8 12 [9) 20
a, deg
(a) Bmr = 45°.

Figure 14.~ The effect of leading-edge flap deflection on the flap 1ift
increment of the midchord flap with BLC; 8f = 0°, MF 1(cg/c = 0.15).
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AC,
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—04
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50

3n, deg
0
————— 30
T _———— 35
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\\ N
A
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\
\ )
\ N
\\
\L\
\
\
\
0 4 8 ) 12 %) 20
a, deg
(b) Byr = 600,

Figure 14.- Concluded.




.24

Fiagp TE Lip
20 Tapered Round, MF |
) — = = — Biunt Round, MF 2
= = = Blunt Blunt , MF 3
.16
e~
\
\ .
~ \\
12 \\ o ~]
~ —~— R}
\
\\
04 \\
W\
\
—04
—.08
0 4 8 12 16
a, deg
(a) Bur = 45°.

Figure 15.- The effect of blunting the midchord flap and wing lip on the
midchord flap lift increment; BLC on, 8, = 45°, & = 0°, cp/c = 0.15.
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24

Flap TE Lip
20 Tapered Round, MF |
| = Blunt Round, MF 2
——— — — Blunt Blunt , MF 3
N
~\\:::
16 <
\\\\
™~
~N ™~
~N
A2 \=\\ ‘\\;
~ \
AC N
L \ \
N\
.08 ‘\
.04 \\\
© ‘\\\\
—-.04
—-.08
0 4 8 12 16
a, deg

(b) By = 60°.

Figure 15.- Concluded.
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.20

/
o]
O
[}
/

.08 ‘\\\\\\

o \ BLC off \ \
04 T~ \
~ N \\
\.
|\
0 \‘ \
N M\
\ \\ \
\\ BLC off ' \ \
—.04 \\\\\\ \ \
N BLC off \\
—.08 ~C \\
\\
e
~
125 4 8 12 16

Figure 16.- The effect of trailing-edge flap deflection on the midchord

a,deg

20

flap 1ift increment with and without BLC; 8 = 45°, Byr = 60°,

MF 1(cf/c = 0.15).
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\ s
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N

\\‘\—o—-—’/ ’//

3 \\ > _
T/W \\\\\o___//

\ -

2 R —

12
AN S
a, deg RN \ ———— 60
\\ \ o d(T/W)/v=0
N P,

~ T —

b, \QA ——

4 \\ﬂ\~‘ .\\‘~.
~
SN T
~No \\ e
0 o~ i
i00 120 140 160 180 200 220 240 260
V, knots
(a) & = 0°.

Figure 19.- The variations of thrust-to-weight ratioc and angle of attack
with airspeed for the model trimmed by means of the trailing-edge
flaps used as elevons; W/S = LO psf, MF l(cf/c = 0.15).
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Figure 19.- Concluded.




T/W

a, deg

(a) 8p = 0°; Bpr = 0°.

4
\\
3 ~
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2 \ // B
|
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16—~
\ Sy, deg 8¢, deg
\ ~\ 0 o)
12 AN < —_——— 0 10
NN ——— 45 10
NN o  a(T/W)/aV=0
8 N\ < \\
N
D US o
4 \.\\\ \
N~ ~
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Figure 20.- The variations of thrust-to-weight ratio and angle of attack
with airspeed for the model trimmed by means of a canard control;
W/S = 4O psf, MF 1(ce/c = 0.15).
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(b) 8y = 0°; & = 0°.

Figure 20.- Continued.
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Figure 20.- Concluded.
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~__ , *T/W=.330
\\
\\
e ——
*T/W volues indicated for standard atmosphere
static thrust
40 80 120 160 200

Figure 22.- The variation of hot-day thrust with airspeed used in calcu-
lation of the ground-roll and take-off distances presented in fig-
ure 21; W = 450,000 1b,

NASA-Langley, 1964 A=-998




