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LOW-SPEED AERODYNAMIC CHARACTERISTICS OF A 0.08-SCALE YF-17 AIRPLANE
MODEL AT HIGH ANGLES OF ATTACK AND SIDESLIP
Daniel N. Petroff, Stanley H. Scher, and Carl E. Sutton¥*

Ames Research Center
SUMMARY

A 0.08-scale model of the YF-17 airplane was tested in the Ames 12-Foot
Pressure Wind Tunnel at a Mach number of 0.2 and Reynelds numbers of 0.2 to
2.3 million based on a fuselage forebody depth of 0.128 m (0.42 ft). Angles
of attack ranged from 0° to 90°, and the angle of sideslip ranged from —10°
to 30°. Data were obtained with and without the nose boem and with several
strake configuratiens; data were also obtained for various contrel surface
deflections.

Analysis of the results revealed that selected strake configurations
adequately provided low Reynolds number siuaulatien of the high Reynolds
number characteristics. The addition of the boom in general tended to
teduce the Reyneolds number effects.

INTRODUGCTION

Reynolds number effects caused by the crossflow over the fuselage ahead
of an airplane wing's leading edge in a spin can cause appreciably different
side forces and yawing moments on a small-scale model from those ebtained
at the same attitudes on the full-scale configuration (refs. 1 and 2). These
effects usually occur in the angle of attack range between 40° and 90°. 1In
the course of conducting investigatioens in the spin tunnel at Langley Research
Center on necessarily small-scale models, the Reynolds number effects for
some configurations have been so marked that medel spin and recovery charae-
terlstics are net representative of the full-scale airplane.

Normally, a wind tunnel Reynelds number investigation is conducted on
a given design to determie if spin tunnel results could be significantly
altered by Reynelds number effects. When such effects are discevered, various
strake configurations are tested on the nose of the model in an attempt to
eliminate the differences. Then, the selected strake configuratien that most
clesely duplicates the side-foree and yawing moment characteristics of the
full-scale airplane is placed on the spin tunnel model.:

*Project Engineer, ARO, Inc., Moffett Field, Calif. 94035.
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‘%or some designs, the effects of Reynolds nuamber at low angles of attack
are also of interest in connection with (1) winud-tunnel model tests at angles
of attack up to the aerodynamic stall, (2) spin entry tests conducted with
radio-controlled models dropped from a helicopter, and (3) theoretical
analysis,

In the investigation reported in this paper, a 0.08-scale YF-17 light-
weight fighter airplane model was tested in the Ames 12~Foot Wind Tunnel to
determine static longitudinal and lateral directional aeredynamic character-
istics over a range of Reynolds number from subcritical te supercritical.
The angle of attack ranged from 0° to 90° and the angle of sideslip ranged
from -10° to 39°,

Since Reynolds number effects sufficient to affect spin tunnel results
were. present for the basic configuratien, a number of strake configuratiors
were evaluated at model angles of attack from 40° to 90°. Whereas the flight
vehicle will be equipped with the nose boom and boom-compatible strake, for
the purpose of this investigation, the basic configuration was taken to be
without the boom and strake.

Included in this investigation were tests at both high and lew Reynolds
numbers te determine the separate and combined effects of a nose boom and
of a faired boom-compatible pair of strakes. These tests were performed at
angles of attack ranging from 0° to 90°, Also, for both high and lew
Reynolds numbers, lateral and longitudinal control deflectien effects were
measured at angles of attack from 10° to 60°.

The data are presented with minimum discussion,
NOMENCLATURE

The axls systems and sign conventions are shown in figure 1. Data are
presented in the bod, -axis coordinate system. Because the data were computer-
plotted, the correspending plot symbol, where used, is given together with
the conventionsl symbol.

Plot .
Symbol symbol Definition
b BREF wing refergnce span
c LREF wing reference chord
CA CA body axes axial force coefficien;
CD Cb stability axes drag coefficient
CL CL stability axes 1ift coefficient




CN
CBN
CLN
CY
L/D
MACH

Q(PSF)

SREF
ATFHA
BETA

ATL

HOR

Definition

body axes relling=moment coefficient

body and stability axes pitching-mement characteristics
body axes normal force coefficient

body axes yawing-moment ceefficient

stability axes yawing-moment ceoefficient

body and stability axes side=force coefficient
lift-to-drag ratio

free-stream Mach number

dynamic pressure

Resnolds number, based on a fuselage forebedy depth
of 0.128 m

wing reference area
angle of attack, deg
angle of sideslip, deg

aileron, total aileron deflection angle, deg, positive
with trailing edge down

horizontal taill incidence, deg, pesitive with trailing
edge  down
Model Notation
body
canoepy
duct
horizon;al
vertical tail

wing (3% ecamber)
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Plot
Symbol symbol Description
aI aileron
d1 dorsal
85 gutter
' hh aileron actuater fairing without P2 Pylon
h7 LB7 vertical tail tip ped with V2 vertical
h10 wing tip missile launchers
1 nose.boam
n, NL leading~edge flap with hinge line at 7.5 and 20% lecal
chord
N, N3 leading-edge flap with hinge line at 20% local cherd
T, rudder with V2 vertical =~ =
?a ramp
S, strake with BQ body (x designates strake geometry)
Si strake
sé strake
s3 strake
s; strake
Si strake
g strake
Sg 5, strake terminated at meodel station 8,80
s# ' S, strake terminated at medel station 10:05
v, AIM-9E missile
X B, Gy Dg W, d; g5 hy by, Tgw,
X By €y Dg Wy dy g5 by by, Ty
Xg B, Cy Dg W, d; g5 hy Ry, fg + grit

4

i

e et gy onnim gt e A e L i T R

R PRI AT Fbacn

S

i

T

R e

i

i

i
%
i




TEST FACILITY

The Ames 12-Foot Pressure Wind Tumnel is a variable-density, low-
turbulence wind tunnel that operates in the Mach number range of 0.1 to 0.94.
The wind tunnel is powered by a two-stage, axial flow fan driven by eleciric
moters totaling 12,000 horsepower, Airspeed in the test section 1s centrelled
by variation of the fan's rotative speed. FEight fine-mesh screens in the
settling chamber, together with a contraction ratio of 25:1, provide 1n air-
stream of exceptionally low turbulence.

MODEL DESCRIPTION

'The model was a 0.08-scale version of the YF-17 airplane. The geometry
of the medel is given in table 1, strake configurations in table 2, installa-
tion drawings and model drawings in figures 2 and 3, respectively, and
installation photegraphs in figure 4.

The YF-17 airplane is a twin=engine jet fighter aircraft with a wing
leading edge sweep back of 26.6°, under-wing inlets, twin canted vertical
tails, and an all-movable differential horizontal tail.

All airfoils are NACA 65A, modified with a sharp leading edge. The wing
camher is 37 and the thickness is 5% at the root, decreasing linearly to 4%
at 657 semispan and the remaining being constant 4% to the tip. The highly
swept leading-edge extension has a total exposed area of 4.27 m? (46 ft2).

The horizental taills have symmetrical sectiens and are 5.57% thick at the root,
tapering linearly te 3% at the tip. The twin vertical tails have symnetrical
sections, are canted outboard 20°, and are 5% thick at the root, tapering
linearly to 3% at the tip.

The model was fitted with variable pesitien leading-edge flaps (LEF)
having hinge-lines at both the 7.5 and 20% chord lines. TFlap positiening
was manually accomplished using brackets. Horizontal tail deflections were
also manually accemplished using brackets.

The aft end ef the model, between the vertical tails, was distorted teo
accept the model support sting.

TESTING AND PROCEDURE

The investigation was performed at Mach number 0.20 and over a range
of fuselage forebedy depth based Reynolds number frem 0.2 millien to 2.3 mil-
lion. Data were obtained at angles of attack from 10° to 90° and at angles
of sideslip of -10° to 30°. To insure boundary=laver transitien te turbulent
conditions, for selected configurations a 0.254 e¢m (0.1 in.) wide strip of
grit having a noeminal diameter of 0.0140 cm (0.0055 in.) was placed 3.68 em
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(1.45 in.) aft (streamwise) of all leading edges, Grit size was conserva-
tively selected to be one sieve size larger than needed, as indicated in
reference 3. The trip effectiveness for these tests was not verified.

Forces and moments were sensed by an internally mounted six-compoenent
strain-gage balance. Model cavity pressure was sensed by two transducers
connected to tubes on the left- and right-hand side of the sting. No axial
force corrections were applied from these measurements. An angle transducer
mounted on the support system was used to measure model angles of attack.

For angles of attack to 40°, the LEF were deflected 25° at the 20% chord
line. At angles of attack abeve 40°, the LEF were deflected to 30° at the
7.5% chord lime and 15° at the 20% chord line.

The effects eof contrel surface deflections were investigated. The
herizental tails were deflected, both together and differentially, from
=15° to 10°. The ailerons were deflected differentially from -30° to 30°.

DATA REDUCTION

The six-component force and mement data were reduced about the model
moment reference center in both the body and stability axes systems. The
axes systems are defined in figure 4 and the mement reference center was
assumed to be at the 30% m.a.c. The base and cavity pressufé were measured
but were not used as correction facters on axial force or drag. The angle
of attack and the angle eof sideslip were corrected for sting deflections in
the longitudinal and lateral plames. The angle of attack and the appropriate
aerodynamic coefficients were corrected for tumnel=wall interference effects
(ref. 4). The additive wall correction increments are as follows:

Ax = 0.15733447 o

ACp = 0.0025903 C;

ACm(t;ail off) = =0.00590325 ¢y,

ACm(tail on) <0, 00496259 ¢

Tunnel static pressure was measured in the plenum surrounding the test
section and no bleckage corrections were applied. A prier calibration of
the 12-ft wind tunnel at these test conditiens with large bleckage models
showed plenum pressure to be essentially identical to free=stream static
pressure. Consequently, this pressure is currently being used as thé basis
of free-stream pressure for all high altitude tests.

Data repeatability for the test was estimated by reviewing repeat runs
and repeat points within a run and is as fellows:



C. = *0.002 C, = +£0.0010

L 2

Cp = *0.0002 a = 0.05°

Cy = *0.0006 g = +0.05°

C, = $0.008 M = 0,005

c, = *0.0012 RN = +0.0025 x 10°

RESULTS AND DISCUSSION

For the basic cenfiguratien, the variation of aeredynamic characteristics
with Reynolds number for give. angles of attack and angles of sideslip are
presented in figure 5. Boom-on and boom-off data at high and low Reynolds
number are presented in figures 6 and 7. Boom-compatible strake—configuration
data obtained zt high and low Reynolds number without the boom installed
are presented in figures 8 and 9, and with the boom imstalled in figures 10
and 11. Data from low Reynelds number terts of eight strake configurations
on the basic model are presented in figure 12. The effects of contrel deflec-
tions at high and low Reynelds number are shewn in figures 13 and 14. See
table 3 for a listing of the data figures.

Analysis of the data indicates that maximum Reynelds number effects
occurred on the basic medel at an angle of attack of 60° (e.g., see C, data
in fig. 5, pp. 44-47 and in fig, 6, p. 54). Some smaller effects of Reynolds
number were also present at angles of attack higher and lower than 60°.

As may be seen in figure. 6, papes 52-54, the main effect of adding the
boom to the basic configuration was the reduced Reynolds number effect in
the yawing-moment coefficient C, at angles of attack ef 40°, 50°, and 60°,

The results of tests of the model with strakes installed indicated
that through use of some of the strake configurations, the Reynolds number
effects found on the basic model were eliminated or reduced significantly
(Fer example, see fig. 8, p. 67, and fig. 12, p.101.)

Other strake configurations tested did net provide the needed corrections.
CONCLUDING REMARKS

A 0.08-scale YF=17 airplane model has been tested at Mach number 0.2
in the Ames 12-Foet Wind Tumnel at high and low Reynelds numbers at angles
of attack of 10° to 90° and angles of sideslip of -10° to 30°. Longitudinal
and latéral-directional characteristics were investigated with and without
horizental tail and aileron deflections.




Reynolds number effects of significance were found to be present., The

Reynolds number effects were eliminated or significantly reduced through the
addition of selected forebedy strake configurations.
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TABLE 1.- MODEL GEOMETRY

(a) Model component: wing (Wp)
Total data Full-scale Model-scale
Area
Planform 325,160 cm?| 50,400 in.<4| 2081 cm? | 222,6 in.?
Wetted
Span (equivalent) 1066.8 cm 420 in, {85,344 cm 33.6 in.
Aspect ratie 3.5 3.5 3.5 3.5
Rate of taper
Taper ratio 0.3483 0.3483 0.3483 0. 3483
Dihedral angle, deg -5 -5 -5 =5
Incidence angle, deg 0 0 0 4]
Aerodynamic twist, deg ¢ 0 0 0
Tee~in angle e - —— -
Cant angle ——— —— — .———
Sweep~back angles, deg
Leading edge 26.660 26.660 26.660 26.660
Trailing edge =2.881 ~2.881 -2.881 =2.,881
0.25 element line 20 20 20 20
Chord
Root (wing sta. 0.0) 452.12 cm 178.0 din. 36.17 em 14.240 in,
Tip (equivalent) 157.48 cm 62.0 in. [12.598 cm 4.960 in.
MAC - 328.534 cm [129.344 din. |26.281 cm |10.349 in.
Fus. sta. of 0.25 MAC]| 1152.04 cm | 453.56 in. |92,161 cm 36,284 in.
W.P. of 0.25 MAC 10.980 cm 4.323 in. 0.876 em 0.345 in,
B.L. of .25 MAC 222.880 cm | 87.748 in. [17.828 em | 7.019 in.

Airfeil section
Reot
Tip

NACAG65A modified with sharp leading edge,

3% camber, 5% thick at root tapering linearly to
4% at 65% span, constant 4% te tip

Exposed data

Area

Span (equivalent)
Aspect ratie
Taper ratie

Chotds
| Roet
Tip
MAC
Fus. sta. of 0.25 MAC
W.P. of 0.25 MAC
B.L. of 0.25 MAC
| Leading~edge extension
(LEX)

212,748 cm?

3.5

32,976 in.2|

6624 in.?2

42.39 in.?

[P VR e S




TABLE 1.- MODEL GEOMETRY - Continued

(b) Model compoenent:

vertical (Vy)

Data per side Full-scale Model-scale
Area
Planform 48,419 cm? 7505 in.?% 309.4 cin? 47.95 in.?
Wetted — — — _—
Span {(equivalent) 241.30 cm 95.00 in. 19.304 cm 7.600 in.
Aspect ratie 1.2 1.2 1.2 1.2
Rate of taper ——— — - ———
Taper Tatio 0.394 0.394 0.394 0. 394
Dihedral angle, deg - —-— —-— ==
Incidence angle, deg 0 0 0 0
Aerodynamic twist, deg 0 0 0 0
Toe-in angle L.E. 1 1 1 1!
(outboard)
Cant angle outboard 20 20 20 20
Sweep-back angles, deg
Leading edge 41.320 41,320 41, 320 41,320
Trailing edge 9.278 9.278 9.278 9.278
0.25 element line 35 35 35 35
Chords
Root (wing sta. 0.0) 287.02 cin 113,00 in. 22.962 cm 9,04 in.
Tip (equivalent) 114.30 em 45.00 in. 9.144 em 3.60 in.
MAC 213.042 cm 83.875 in. 17.043 em 6.710 in.
Fus. sta. of 0.25 MAC|1477.986 em | 581.8837 in. 118.239 em | 46.5507 in.
W.P. of 0.25 MAC 135.207 cm 53.2312 in, 10.817 cm 4,2585 din.
B.L. of 0.25 MAC 124.952 cm 49,194 in 9,996 em | 3.9355 in.

Airfoil section
Reot )
Tip

NACA65A with modified
root Ehickness of 5%,
ness at the tip

shérp'lééaing

edge, no camber,

varying linearly to 3% thick-

Exposed data per side

‘Area

48,309 cm? 7488

in.zm.

308.4 cm?

47.81 in.?2

10
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TABLE 1.- MODEL GEOMETRY - Continued

(c) Model component: body (By)
Full-scale Model-scale
Length 1825.307 em 718.625 in. 146.025 cm 57.49 4in
Max. width 213.995 cm 84.25 in. 17.120 cm 6.74 1in.
Max. depth 202,248 em 79.625 in. 16.180 cm 6.37 din.
Fineness ratio- _— - - e
Area
 Max. cross-sectional 29,738 em? | 4609.375 in.2 190 cm? 29.50 in.2
Pldnform 241,249 cm? 37,393 in.? 1544 cm? | 239,32 in.?2
Wetted —— —_— - ——
Base 13,891 cm? | 2153.125 in.? 88.9 cm® | 13.78 in,?
Profile 208,325 cm? |32,290.55 in,? 1333 cm? | 206.64 in.?

11




TABLE 1,- MODEL GEOMETRY - Concluded

{d) Model component:

horizontal stabilizer (Hi)

Airfoil section

Total data Full-scale Model-scale
Area
Planform 60,096 cm? | 9314.93 40.2 | 384.62 cm® | 09.62 in.?
Wetted —_— m—— -— —_—
Span (equivalent) 675.1 cm 265.8 in. 54.0L cm 21.26 4in.
Aspect ratilo 1.5 1.5 1.5 1.5
Rate of taper —— —-_— — -
Taper ratio 0.6 0.6 0.6 0.6
Dihedral angle. . .ig -2.0 -2.0 -2.0 -2.0
Incidence angle, deg Y 0 0 0
Aerodynamic twist, deg 0 0 0 0
Toe-in angle —-_— - -— ——
Cant angle - - - -
Sweep~-back angles, deg
Leading edge 40. 846 40.846 40, 846 40.846
Trailing edge 27.979 27.979 27.979 27.979
0.25 element line 38,000 38.000 38.000 38.000
Chords
Root (wing sta. 0.0) 234,493 em 92.32 in. 18.760 cm 7.386 dn.
Tip (equivalent) 121,920 cm 48.00 in. 9.754 cm 3,840 in.
MAC 165.946 cm 65.33 in. 14.736 cm 5.802 in.
Tus. sta. of 0.25 MAC | 1644.65 cm 647.50 in. |,131.572 cm | 51,800 in.
Z.P, of 0,25 MAG -3.715 cm 1,4625 4n. 0.297 cm 0,117 in.
B.L. of 0.25 MAC 150.939 cm 59,425 in, 12.075 cm 4.754 in,

NACAGSA modified with sharp leading edge, no camber,

5-1/2% thick at rvoot varying linearly to 3% at the

tip

Expoesed data

Area .
Span (equivalent)
Aspect ratio
Taper ratio
Chords
Root
Tip
MAC
Fus, sta. of 0.25 MAC
W.P. of 0.25 MAC
B.L. of 0.25 MAC

39,403.8 cm?

- 243.84 an
1.5
0.6

203.2 cm
121.92 cm
165.956 cm
1687.386 cm
-56.198 cm
205.677 cm

6120 in.?

96.00 in.

1.5
0.6

80.00 in.
48.00 in.
65.327 in.
664.325 in.

-22,125 in,

80.975 in.

252.7 cm?
19.507 cm
1.5

0.6

16.256 cm
9.754 cm
13.276 cm
134.991 cm
-4,496 cm
16.454 cm

39.17 4in.?

7.680 1in.
1.5
0.6

6.400 in.
3.840 in,
5.227 in.
53.146 in.
-0.177 in.
6.478 din.
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TABLE 2.- NOSE STRAKE IDENTIFICATION

'Strake L.E.

Strake | Strake SFrake S;rake Strzla fuselage i;iite Eiiiie Port Starboard
designatien legﬁth, W%g;h’ thicgzess, aggée, station, F.5., | vertical
cm cm lecatien,| 1 2 3 1 2 3
cim
S, 18.999 | 0.533 | 10° wedge | -2 fwd| 12.598 15.850 | ~0.610 |off|off [off|off |off [off
Sp 18.161 3.58 aft| 14.351 14.351 | -0.686
S 8.001 3.58
Sy 11.176
s} 15.24 | 1.016 0.159 3.80| 27.922 | 26.111]  FRP | on| on on| on
S5 off|off
S§ onf on off] off}
Sﬂ 20.32 off| on| on on| on
Sg 7.62 27.992 off off
Se 35.524 on| of f on| of £

[P —




TABLE 3.~ INDEX OF DATA FLGURES

Figure Title Page
5 Longitudinal and lateral-directional aerodynamic 1
characteristic variation with Reynolds number
6 Boom {11) and Reynolds number effects oun lateral— 17
directional aerodynamic characteristics
7 Boom (11) and Reynolds number effects oun longitudinal 27
aerodynamic charvacteristics
8 Strdkes (§2) and Reynolds number effects on lateral- 30
directional aerodynamic characteristics
9 Strakes (82) and Reynolds number effects on longitudinal 40
aerodynamic characteristics
10 Boom. {1%) + strakes (81} and Reynolds number effects on 43
lateral-directional aerodynamic characteristics
11 Boom (L1} + strakes {(51) sud Reynolds number effects on 53
lengitudinal serodynamic charactervistics
12 Effects on various strake configurations on longitudinal 56
and lateral-directional aerodynamic characteristics
13 Control deflection and Reynolds number effects on lateral- 80
directional aerodynamic characteristics
14 Control deflection and Reynolds number effests on longitudinal| 83

aerodynamic characteristics
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Notes:

1. Positive directions of force coefficients, CN C""- w
moment coefficients, and angles are "
indicated by arrows CC { Y Yw
2. For clarity, origins of wind and stability Cn‘
axes have been displaced from the center -\
of gravity '
F
<, | %
ot
/

Figure 1.- Orientation of force and moment ceefficient

s about body, wind, and stability axes.
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All dimensions are model scale cm{in.)

\— TUNNEL CEILING
T.S. 287.02 T.§ g T.S. 309.47) 63. 50

.5. 298.
(713-00) CTTY(I17:59) '(_12_12“__}_(25.00)

G BAL 45% MAC .
£5.97.412
(38.351)

- ——

- TUNNEL G

52303573403 STING
SK-A-66 SH2Z COUPLING NUY

SK A 66 SHI STING ADAPTER

5204830 SHT 26—201 ANGLE
DRIVE JECHANISM ASSY

—11.227

/_ZTUNNELFLQOR Y2 = T—q (4.42)
[ , _

(a) 12-foot 40°-90° cannon support.

Figure 2.- Installation drawings.
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All dimensions are model scale cm(in.)

T.5. 287.02 N
{113.00)

- a0®

DIRECTION OF FLOW

T.S. 309.47

‘\\--tunnzL CEILING

T121.84)

12.70
(5,000

—

G BAL 45% WAC ~T,8. 296.55
.ES, 38.35! (1%6.75)

L.E. 51710 OFFSET ADAPTER
SK-A-66 SHZ COUPLING NUT

5204830-26 -201 ANGLE
DRIVE MECHAMISM ASSY

11.227
- (4.42)

TUNNEL FLOGR

(b) 12-foot 0°-40° cannon support.

Figure 2.+ Concluded.




All dimensions are model scale cm(in.) hDLAUNCHER
' @, AILERON

‘_ LE FLAPH 20 7 EL
n,n H, HORIZONTAL

LE FLAPH 75 % EL—

GUTTER-
gS

S, STRAKE

i A . Ci CANOPY 4 porsAL

| ——

BL 10.810 i
(4.256) i
26.276 f
—
10.34 ;
( (MAC§) 1
W, WING — \— !
FS(:Z;;? 70% K" FS 143.866
. - (56 64)
v2.672 o | h7T|P POD 1,
(16.80) | - V, VERTICAL '
o | 5 ¥ 2 . W T.RUDDER i

\ e i - — 3 - - B ) i
‘) g -Ez° r
.610 Z{ \%;
~-" (.240)-Iy NOSE INSTRUMENT BOOM Ds oucr B, BoDY
: o T RAMP

(a) Three view with launchers.

Figure 3.- Model drawings.
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All dimensions are model sclae em(in.)

FS -2.172 FS 143.866

0z

(~.855)

(56.64)

—{ 1 NOSE BoOM

|

z
FS 82.906 FS 133.299
(32.64) (52.48)

| <{dIpORSAL

OUCT EXIT
& STING CAVITY

FS 66.980
(26.370)

(c) Fuselage.

Figure 3.~ Continued.

ZigqjaomY




12

All dimensions are model scale cm(in;)
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" All dimensions are model scale em(in.)
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Figure

(a) One-quarter front view.

4.- Model

installation photographs.
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rear view.

(b) One-quarter
Figure 4.- Concluded.
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