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HIGH-ATTITUDE LOW-SPEED STATIC AERODYNAMIC CHARACTERISTICS
OF AN F-4D FIGHTER AIRPLANE MODEL WITH LEADING-EDGE SLATS

James C. Monfort and W. Morrow Whitcomb*

Ames Research Center
SUMMARY

A wind tunnel investigation has been conducted at a Mach number of
0.20 on a F-4D fighter airplane model with two-position leading edge slats
to determine low-speed static aerodynamic characteristics at high atti-
tudes and over a range of Reynelds numbers. Angles of attack ranged from
16° to 90° and angles of sideslip from -10° to 30°. Reynolds number vari-
ation was from 1.97 to 13.12 million per meter (0.60 to 4.0 miilion per

foot).

Analysis of the results indicate a consistent and significant in-
crease in Cy at angles of attack of 50° or more with the slats extended
and less consistent results in the 20° to 50° range. A large reduction
in CA is apparent for the entire angle of attack range and significant
increases are noted in Cy at large angles of sideslip at all angies of
attack and at all angles of sideslip at the lower angles of attack. The
shifts in all other coefficients are small or insignificant. No signifi-
cant effects of Reynolds number on the aerodynamic characteristics of the
model over the ranges of angles of attack and sideslip tested were ob-
served.

INTRODUCTION

In an atcempt to improve air combat capability during combat maneu-
vering an existing swept-wing twin-jet supersonic fighter airplane (F-4E)
was modified by incorporating prototype fixed leading-edge slats. Flight
tests of this aircraft indicated significant improvements in both perform-
ance and lateral-directional handling qualities at high angles of attack.
As a follow on in this program, another aircraft was modified by the addi-
tion of two-position leading-edge slats. An analytical study was under-
taken at the same time to assess the near-stall, stall, spin and spin-re-
covery characteristics of the aircraft with the two-position leading-edge
slats. Loss of the test aircraft made results of model testing the sole
source of information for the analytical study.

* Project engineer, 20, Inc.
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To provide information for the analytical study of the modified air-
craft, a wind tunnel test program was undertaken t. provide force and
moment data at high angles of attack and high Reynolds number conditions.
Additionally the test program included an investigation of the effects of
Reynolds number on the force and moment characteris*ics for the test model
at these nigh angles of attack.

In the investigation reported in this paper, an 0.0667-scale mode!

of a F-4D fighter airplane was tested in the Ames 12-Foot Pressure Wind
Tunnel to determine static longitudinal and lateral-directional character-
istics at high attitudes over a Reynolds number range from 1.97 to 13.12
million per meter (0.60 to 4.0 million per foot) at a Mach number of 0.20.
Angles of attack ranged from 19° to 90° and angles of sideslip ranged from
-10° to +30°. Experivental aerodynamic characteristics are presented with
minimum discussion of results.

NOMENCLATURE

The axis systems and sign conventions are shown in figure 1. Force
and moment coefficients are presanted in the body-axis coordinate system.
Because Lhe data were computer-plotted, the corresponding plot symbol,
where used, is given together with the conventional symbol.

Plot
Symbol Symbol Definition
b BREF wing span
c LREF mean aerodynamic chord
Ca CA axial-force coefficient, axial force/qS
Cy CN normal-force coefficient, normal force/qS
Cy cY side-force coefficient, side force/qS
Cn CLM pitching-moment coefficient, pitching moment/qSC
Ch CYN yawing-moment coefficient, yawing moment/qSb
C, CBL rolling-moment coefficient, rolling moment/qSb
M MACH free-stream Mach number
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q free-stream dynamic pressure

R/L RN/L unit Reynolds number, millicns per meter
S SREF wing area or reference area

a ALPHA angle of attack

] BETA angle of sideslip

TEST FACILITY

The Ames 12-Foot Pressure Wind Tunnel is a variable-density, low-
turbulence wind tunnel that operates at subsonic speeds over a Mach num-
ber range of 0.1 to 0.94. The dimensions of the settling chamber upstream
from the test section provide a contraction ratio of 25 to 1. The wind
tunnel is powered by a twc-stage, axial-flow fan driven by variable speed
electric motors and the tunnel pressure can be varied firom 0.17 to 5.0
atmospheres.

MODEL DESCRIPTION

The model investigated consisted of center fuselage, removable for-
ward and aft fuselage sections, removable wings, and removable horizontal
and vertical tails. The model had ailerons, a rudder, and spoilers with
deflection angle capabilities. The ailerons and spoilers were tested with
the wing configuration including leading-edge slats. The horizontal sta-
bilator angle could be varied and was manually positioned for each run.
Drawings of the model are presented in figure 2.

The fuselage B50) was constructed from 7075-T6 aluminum in three
basic sections with the forward and aft fuselage sections removable from
the center fuselage section. The fuselage also contained the canopy (C6),
engine duct inlet (D101), heat and vent duct (D103), afterburner choke
and shroud (s114), IR seeker (M8), fuel vent (FVY3), and tail hook. The
engine duct inlets were electroformed from nickel and simulated internal
duct contours for approximately 3 in. aft of the leading-edge, where the
duct was then blocked.

The wings (W78) were also constructed from aluminum and had simu-
lated wheel bumps which were removable and replaceable with mold-line in-
serts. The wing contained vight-and left-hand ailerons (A13) with deflec-
tion angles of 0° and 30° trailing edge down and right- and left-hand
spoilers (Z30) with a deflection angie of 43° trailing edge up. The slat

wr AR
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configuration wing (W78g) had leading edge slats (S580 and S58i) on the
outboard panel and the outboard portion of the inboard panel leading-edge.

It also included an outboard panel fence (P63) located just outboard of
the hingeline.

One set of horizontal stabilators (H104) was constructed from stain-
less steel and had & dihedral of -23.25°. The stauilators had a variable
deflection range from -21° to +7°.

The vertical tail (V16) was constructed from aluminum and had a
stainless steel rudder (R6) with a simulated rudder horn. The rudder had
deflection capabilities of -30°, 0°, and +30°. An antenna fairing (a39)
on the vertical tail was also simulated.

Four Sparrow missiles (T9) were fabricated from brass and were ‘use-
lage mounted

TESTING AND PROCEDURE

The tests were conducted at constant unit Reynolds numbers from 1.97
to 13.12 million per meter (0.60 to 4.0 million per foot) at a Mach number
to 0.20. Angle of attack was varied from 19° to 90° and angle of sideslin
was varied -10° to 30°. The model was sting supported as shown in figure
2(j) and figure 2(k). Force and moment data were obtained from an inter-
nally mounted six-component strain-gage balance. The moment reference
center was assumed to be at 33 percent of the mean aerodynamic chord.

The tests were conducted by setting the model to the desired angle
of attack, setting the desirad tunnel conditions, and then yawing the
model in sideslip. This was done by starting at 0° sideslip and yawing to

the most negative angle, then proceeding through the sideslip range in a
positive direction.

DATA REDUCTION

The balance data were reduced to coefficient form about the model
reference center in the body axis system and corrected for model weight
tares and model support deflections due to airload. The axis system is
defined in figure 1, and the moment transfer diagram is presented in fig-
ure 2(i). Angle of attack and the appropriate aerodynamic coefficients
were corrected for tunnel wall interference effects (ref. 1). The wall
correction values are as follows:
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Tail On Tail Off

fa = 0.15967 C| 0.16393 |
ACy = 0.0024981 €L 2 0.0026333 | 2
ACp = 0.0009323 C| 0.0007455 C|

Two methods were used to corract tunnel conditions for blockage. For
model angles of attack below the onset of stall, the blockage corrections
applied are based on those presented by Herriot (ref. 2). The blockage
corrections used above stall are for separated flow on bluff bodies accord-

ing to Maskell (ref. 3). The two methods are faired over the interval be-
tween stall onset and completion.

Angle of attack and angle of sideslip were both referenced to the
model reference line.

The maximum uncertainties of the data, based upon reproducibility,
are estimated tn be:

Cy = =+ 0.005 Cy = =+ 0.005 a < =+ 0.05°
Cm = + 0.0007 Cn =+ 0.0005 g = =+ 0.05°
Cq = + 0.0005 C, = =+ 0.0005 M = =+ 0.003
R/L = + 0.029x 10% per m

RESULTS AND DISCUSSION

The variation of six aerodynamic coefficients with angle of attack
for the highest Reynolds number tested is presented in fig. 4. The
effects of Reynolds number on three of these coefficients, Cy, C, and Cp,
are shown in fig. 5. The variation of Cy, Cp and Cg with angle of side-
slip for the highest Reynolds number is presented in fig. 6 and the effects
of Reynolds number on these same coefficients are shown in fig. 7. See
table 2 for a listing of the data figures. Generally the results indicate
a consistent and significant increase in Cy at angles of attack of 50° or
more for the model with the slats extended, D3, versus the slats retracted,
D1. Less consistent results arce noted in the 20° to 50° range. A large
reduction in CA is indicated for the entire angle of attack range and
significant increases are noted in Cy at large angles of sideslip at all
angles of attack and at all angles of sideslip at the lower angles of
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attack. All other coefficients are affectel only slightly or insignifi-
cantly. The data indicate that the static longitudinal and lateral aero-
dynamic characteristics of the model at angles of attack between 20° and
90° are relatively insensitive to the variation in Reynolds number covered
in these tests.

CONCLUDING REMARKS

The Tow-speed investigation of the aerodynamic characteristics of an
F-4D airplane model with two-position leading-edge slats was conducted at
Mach number 0.2 over an angle of attack range of 19° to 90° and over an
angle of sideslip range of -10° to 30°. Reynolds number was varied from
1.97 to 13.12 million per meter.

Increase in CyN was particularly significant above 50° angle of attack
with the slats extended while a reduction in CA was noted for the entire
range of angles of attack and sideslip tested. At angles cf sideslip
extension of the slats produced significant increases in Cg with relatively
small or insignificant changes in the other aerodynamic coefficients. No
significant effects of Reynolds number were noted for the conditions of
this investigation.

Ames Research Center
National Aeronautics and Space Administration
Moffett Field, California 94035 August, 1975
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TABLE 1. - MODEL GEOMETRY

Fuselage

Length including fuel vent
Length excluding fuel vent
Maximum thickness

Nose location

Total volume

Area
Span
Mean aerodynamic chord
Aspect ratio
Taper ratio
Sweep-back angles
25% chord
75% chord
Airfoil sections
Root
Wing fold, inboard
Wing fold, outboard

Tip

Horizontal tail

Area
Span
Aspect ratio
Taper ratio
Sweep-back angles
25% chord
75% chord
Airfoil sections
Root
Tip
Pivot station

Vertical tail

Area, exposed
Span, exposed

118.262 cm
117.031 cm
12.802 cm

F.S. -4.587 cm
12,742.58 cm3

2188.796 cm?
78.577 om
32.583 cm

2.82
0.167

45°
£6.25°

NACA 0006.4-64 MOD.
NACA 0004.0-64 MOD.
NACA 0004.0-64 MOD.
with 10% L.E. extension
NACA 0003.0-64 MOD.
with 10% L.E. extension

399.111 e

33.376 cm
2.791
0.198

35.5°
17.25°

NACA 0003.7-64 MOn.
NACA 0003.0-64 MOD.
F.S. 103.882 cm

238.761 cm
11.735 ¢m
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TABLE 1. - MODEL GEOMETRY - Concluded.

Taper ratio
Aspect ratio
Sweep-back angles
25% chord
75% chord
Airfoil sections
W. L. 12.784

Tip

0.245
0.580

58.3°
40.0°

NACA 0004.00-64 MOD.
NACA 0002.50-64 MoD.
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Figure

TABLE 2. - INDEX OF DATA FIGURES

Title

Slat effect with neutral controls, aerodynamic
.haracteristics.

Reynoids number effect with slats, longitudinal
characteristics.

Slat effect with neutral controls, lateral-directional
characteristics.

Reynoids number effect with slats, lateral-directioral
characteristics.
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Yw 0. 20
0.244)

]

Yw
Y, 0.0QQ (2.425)
reT.
| - - Xy 0.000
ref.
h Flap hinge line
Xw 2. (ot N < Fuselage

(a450)

Fyry
leading edze flap

moldline

Xw 1€.086
(¢.z:3)

Xw 17.874
(7-6:7)
1 Leading edge
closure
Notes: Trailing edge
1. All dimensions are model closure
scele in ce.timeters (inches) . - e AGY

2. FN?l flap shown deflected,
Szps slat shown extended.

Scqy Sflat

View A-A
Typical actuator location

Slat Yy 37.00C
(1k.567)

‘!'w 31#.?19
(13.172)

0.025 (°.010) T.E. :hLickness

L

.

\J

Lkt

7z

Aso Actuatc: tairins

(c) Leading edge flap (FN71) and leading edge slat (5581) details

Figure 2. - Continued.
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Notes:
1. All dimensions are model scale in centimeters { naches) -
2. Section B-B taken perpendicu’ar to fence Pg3,

which is vertical in B.L. plane 27.489 (10. 822) on the
inboard side.

o~ Ve D0 2

Yr $.000 <BE ZB ;;5)
| Pf3 fence -————r————
et gee———— e ) YE 0,000
S R \ iB
(1.040)
. ‘ 12% chord,
_-4.?% chord , trailing edge
7 leading edge. o of closure
of closure .
-10% chord, Xz 11.143
Theoretical leadinz " _ .
z (i.387) Xg 1°.192
edge L_ (4.800)
8586 Yg 16.515 YR 25.27)
Leading edge slat \6+502) 19.943)
W8g wing tip
antenna fairing
S5g, slat
i S \
View A-A S S N

Section of Sg8q
slat showing inboard
mounting tracket

Mountirg bracket | iuboard)

Yg 16.005

Contour to wing
and closure ML (6.301)
View B-B 0.678 (0.2c¢7) const.
Section taken Pg3 fence 0.838
parallel to fence -;7 (0.33)

S50 slat ~ ////////////////////

o 25h
(0.10)

(d) Leading edge slat (Sggg) and wing fence (Pg3) details :
Figure 2. - Continued.
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Note: All dimensions are model scale
in centimeters (inches)

Balance center

Balance ¢
10
J 7° WeP

0.287 (0.113)gy A ]

W.L. 5.255 (2.069)

'-==:::::::W-L- 5537
{2.180)

l (2 360)
F.S. 54.971 (21.642) )

Reference C.G.

F.S. 60.513
(23.824)

(i) Moment transfer diagram, task MK balance and task MK XXI balance

Figure 2. - Continued.
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Note: All dimensions are in centimeters (inches)

Tunnel ceiling —/

Flow 172.%91

(67.91)

Model W.L.

Turnel ¢

Straight sting

Bent sting

. 11 a1

o ’
-
MK V balance / ( J/
Ames elbow
|
|
|

19°

Ames angle drive \

L. wnnel floor ] _T \<‘< t

11.227 (4.42)

(j) Tunnel installation, intermediate angle of attack range (19° to 64°)

Figure 2. - Continued.
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Note: All dimensions are in centim:tors (inches)

\—- Tunnel ceiling

Flow 172.491
) (67.91)
\
‘.
- § )
. /
g \
. Wi
L
i
} : Tunnel ¢
b
|
Bent sting : ‘
L
Hiy
|
— 112° : ‘
A
i
H
1
1
T Pivot point
sting !
Ames adapter | 11.227
! (k.42)
Ames angle drive *

N

i Tunnel floor

: (k) Tunnel installation, high angle of attack range (62° to 112°)
;

Figure 2. - Concluded.
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