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PREFACE

The work reported herein was conducted by the Arnold Engineering Development

F ) Center (AEDC), Air Force Systems Command (AFSC), at the request of the Air Force i
Armament Laboratory (AFATL/DLJCA) under Program Element 65807F. The Armament
Development and Test Center (ADTC) project monitor was Lt. Thomas Speer. The results of

! the test were obtained by ARO, Inc., AEDC Division (a Sverdrup Corporation Company),
operating contractor for the AEDC, AFSC, Arnold Air Force Station, Tennessee, under
ARO Project Number P41C-O4A. Data reduction was completed on February 3, 1978,
and the manuscript was submitted for publication on May 16, 1978.
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1.0 INTRODUCTION

Wind tunnel tests were conducted to evaluate the effects of various external store
loadings on the performance and stability of an F-111 aircraft model. The tests were
conducted in the Aerodynamic Wind Tunnel (4T) of the AEDC Propulsion Wind Tunncl
Facility (PWT) using a 1/24-scale F-111 aircraft model. Static longitudinal stability, drag,
and static lateral-directional stability data were obtained for the clean aircraft model,
model with pylons alone, and model with various external store configurations. These
data were obtained for wing sweep angles of 26, 45, and 54 deg at Mach numbers from
0.5 to 1.3. Angle of attack was varied from -2 to 16 deg at zero sideslip angle. Sideslip
angle was varied from -10 to 10 deg at angles of attack of §, 10, and 15 deg.

2.0 APPARATUS
2.1 TEST FACILITY AND MODEL SUPPORT SYSTEM

Tunnel 4T is a continuous flow, closed-loop, variable density wind tunnel equipped
with a sonic nozzle. The normal Mach number range is from 0.1 to 1.3; however,
removable nozzle block inserts can be installed to give Mach numbers of 1.6 and 2.0. The
stagnation pressure can be varied from 300 to 3,700 psfa. The test section is 4 ft square
and 12.5 ft long with perforated, variable porosity (0.5- to 10-percent open) walls. A
detailed description of the tunnel and its capabilities may be found in the Test Facilities

Handbook.!

The model support system consists of a pitch sector and sting which provide a pitch
capability from -8 to 28 deg with respect to the tunnel centerline. The pitch center is
located at tunnel station 108. The model support system has a remote-control roll system
that allows the model to be rolled +180 deg.

A schematic of the test section showing the model location is presented in Fig. 1,
and model details and installation photographs are presented in Fig. 2.

2.2 TEST ARTICLES

The test articles were 1/24-scale models of the F-111 aircraft, AGM-65, Rockeye,
MK-82SE, SUU-30H/B, GBU-10, and GBU-15CCW stores, an extended Pave Tack pod,
and associated suspension equipment. The F-111 model had flow-through ducts and was
equipped with Type II inlets (no splitter plates) containing fixed 10-deg inlet spikes and

ITest Facilities Handbook (Tenth Edition). "Propulsion Wind Tunnel Facility, Vol. 4." Armold
Engineering Development Center, May 1974,
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nozzle plugs. The aft fuselage and exhaust nozzles were modifed to allow insertion of the
balance and sting. The model had a fairing above and below the sting between the
exhaust nozzles; however, it was removed to avoid fouling the sting. Limited data were
obtained with steel shimstock fairings installed between the exhaust nozzles to evaluate
the effects of removing the sting fairing on the aerodynamic coefficients. The model is
shown with and without the fairing in Fig. 2. The model stabilator was held constant at
zero deg with respect to a waterline throughout the test.

Rpr————

The LAU-88 triple rail launchers used with the AGM-65 stores were modified by
deleting the stop normally installed at the aft end of each rail to allow for the
installation of store balance sting mounts; however, the AGM-65 stores were bolted
directly to the launchers for the current test. Basic details and dimensions of the models
are presented in Figs. 2 through 4. The transition grit pattern used in evaluating possible
boundary-layer transition effects is shown in Fig. 5. Only limited testing was conducted
with transition grit installed on the model.

Pylons were installed at the pivot stations (3 through 6) for all testing except for
data obtained for the clean configurations. BRU-3AA racks were installed only on those
pylons carrying MK-82SE, SUU-30H/B, or Rockeye stores. The pylon loadings for all
configurations tested are presented in Fig. 6.

The Pave Tack pod is semisubmerged in the weapons bay when extended. A model
representing the exposed portion of the extended Pave Tack pod was attached to the
centerline of the weapons bay at MS 12.78 when required.

2.3 INSTRUMENTATION

A six-component, internal strain-gage balance was used to measure the forces and
moments on the F-111 model. Two base pressure measurements were made using
transducers and orifice tubes which extended just aft of the base of the nozzle plugs.

3.0 TEST DESCRIPTION

3.1 TEST CONDITIONS, PROCEDURES, AND TEST PROGRAM ]

Static stability data were obtained for all configurations at Mach numbers from 0.5
to 1.3 at a constant total pressure of 1,200 psfa. Limited data were also obtained at
2,000 psfa for M_ = 0.5, 0.9, and 1.3 with A = 26 and 54 deg with the clean model in
order to evaluate possible Reynolds number effects. Transition grit effects were evaluated . 3
with the clean model at p; = 1,200 psfa for Mach numbers from 0.6 to 0.95 with A = 26 :
deg. The nominal test conditions were:
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M Pes psfa Re x 10_6, per foot
0.5 1,200 1.71
0.5 2,000 2.80
5 1,200 2.11
0.8 1,200 2.30
0.9 1,200 2.41
0.9 2,000 4.09
0.95 1,200 2.44
1.05 1,200 2.50
1.10 1,200 2.53
1.20 1.200 2.55
1.30 1,200 255
1.30 2,000 3.99

The test procedures were conventional in nature, consisting of varying the model
angle of attack incrementally at zero sideslip angle, or varying the model angle of sideslip
at a constant angle of attack. The test program that was completed during these tests is
presented in Table 1 and provides a key to all the wind tunnel data obtained.

3.2 DATA REDUCTION AND CORRECTIONS

Wind tunnel force and moment data were reduced to coefficient form in the
stability axis system. Base drag was calculated using an average of two nozzle plug
pressure measurements and was used to calculate forebody coefficients. However, all data
presented in this report are measured coefficients. Moments were referenced to MS
21.951 (45-percent MAC at A = 16 deg), WL 7.396, and BL O (see Fig. 2).

The angle of attack and angle of sideslip were corrected for sting and balance
deflections caused by the aerodynamic loads. The model was tested both upright and
inverted at the three wing sweep angles to provide the data to correct for tunnel flow
angularity. On the basis of these data, the angle of attack was corrected as indicated by the
curve faired through the data presented in Fig. 7. Corrections for the components of model
weight, normally termed static tares, were also applied to the data.
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3.3 DATA UNCERTAINTY

The data uncertainties determined for a confidence level of 95 percent are presented
in Table 2. The aerodynamic coefficient uncertainties include the uncertainties of Mach
number and dynamic pressure together with the uncertainty contribution associated with
the balance and instrumentation system. Model angle-of-attack uncertainty has been
estimated to be +0.1 deg and model roll angle +0.4 deg.

4.0 TEST RESULTS

The static stability and drag characteristics of the clean F-111 aircraft model are
presented together with data showing the incremental effects of various external stores on
the drag and on the static longitudinal and lateral-directional stability derivatives. All
aerodynamic coefficients are presented for the baseline (clean) configuration; however,
only incrementa! data are presented to show the effects of external stores. The
incremental data were obtained by subtracting coefficients and derivatives of the baseline
configuration from the coefficients and derivatives of the configurations with stores.

Drag increments were calculated at specific lift coefficients from nonlinear curve fits
of the lift and drag coefficients. The static margins were evaluated by taking the slope of
a linear least-squares curve fit of Cp, versus C. for nominal angles of attack from -2 to 6
deg. Lateral-directional derivatives were also evaluated from linear least-squares curve fits
of the data for nominal sideslip angles from -4 to 4 deg.

All moment coefficients and stability derivatives are referenced to a standard
moment reference center located at 45 percent of the MAC with the wing at 16 deg
sweep angle (see Fig. 2).

4.1 AERODYNAMIC CHARACTERISTICS OF THE BASELINE CONFIGURATION

The static aerodynamic characteristics of the clean F-111 model are presented in
Fig. 8. Although the characteristics are generally well behaved, the lift coefficient
variation with angle of attack exhibited unusual changes in slope at M_ = 0.9 and 0.95
with A = 26 deg. Also, the rolling-moment coefficient was less well behaved at M_=0.38
for A = 26 deg. The reason for the rolling-moment coefficient behavior is not known;
however, hysteresis checks made at @ = 15 deg indicate that the data repeated within the
data unceriainty when the model was yawed in both directions. Hysteresis is responsible

for the shift in the C, curves at a =15 deg at supersonic Mach numbers (Fig. 8e) and is
discussed further in Section 4.3.

S
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The data presented in Fig. 8 are summarized in Fig. 9 in terms of static longitudinal
and lateral-directional stability paramc:ers and drag coefficients at specific values of the
lift coefficient. These data show that the F-111 model has essentially neutral static
longitudinal stability at A = 26 deg. Static longitudinal stability increases with increasing
wing sweep angle and with increasing Mach number for M_ > 0.9.

The static margin was calculated by a linear fit of the C; versus Cm curves in order
to provide a siagle figure representative of the static longitudinal stability over a
moderate angle-of-attack range. This procedure provides a reasonable approximation for A =
45 and 54 deg; however, both Cp and Cp, have significant nonlinearities at low angles of
attack at A = 26 deg. Therefore, static margins for A = 26 deg were also calculated by
determining the slope of a nonlinear curve fit of Cy versus C,, at specific values of Cp to
show the effects of nonlinearities on the static margin (Fig. 9b). The linear curve fit
represents a reasonable approximation of the static margin in the angle-of-attack range of
interest for Mach’ numbers through 0.8. At M_ = 0.9 and 0.95, at A = 26 deg, SM and
ASM should be used with caution because of the nonlinearities in C; and C,,.

As shown in Fig. 9, the F-111 model was directionally stable at all conditions tested
except at @ = 15 deg at M_ = 1.05 and 1.1, where the model became directionally
unstable. The F-111 model also had favorable effective dihedral except at a = 5 deg for
Mach numbers near 0.8 and 0.9 at A = 26 deg.

4.2 EFFECTS OF REYNOLDS NUMBER, TRANSITION GRIT,
AND AFTERBODY MODIFICATIONS

The effects of Reynolds number were investigated by testing the clean model at p, =
2,000 psfa at M_= 0.5, 0.9, and 1.3 for A = 26 and 54 deg (Fig. 10). A. arent Reynolds
number effects are evident for angles of attack above 8 deg at M_= 0.5 and at all angles
of attack at M_ = 0.9 for A = 26 deg. At A = 54 deg, increasing Reynolds number had
no effect at M_ = 0.9; at M_ = 1.3, increasing Reynolds number decreased Cy , increased
Cm, and had little effect on Cp for angles of attack above 8 deg. The addition of
transition grit (Fig. 11) had no significant effect on the aerodynamic coefficients of the
clean model at A = 26 deg, indicating that the changes produced by increasing total
pressure are not necessarily boundary-layer transition effects.

High balance dynamic loads limited the testing that could be accomplished at p, =
2,000 psfa. Since the primary purpose of the test was to evaluate the incremental changes
in aerodynamic coefficients by adding external stores to the F-111 aircraft, and the
effects produced by increasing total pressure are not believed to affect the incremental
data, all store effect data were obtained at p; = 1,200 psfa and without transition grit.
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The model was designed with fairings above and below the sting between the nozzle
ducts. These fairings were deleted to prevent the sting from fouling the model (Fig. 2c).
The effects of removing the fairings were investigated at A = 26 deg by welding steel
shimstock between the nozzle ducts as shown in Fig. 2c. The effects of the sting fairings
on Cr, Cp, and Cp are shown in Fig. 12. As expected, the principal effect of the sting
fairings was to increase the nose-down pitching moment at all Mach numbers. There was
also a slight increase in Cp at angles of attack above 6 deg at M_ = 0.95. All data
presented in this report were obtained with the sting fairing removed except for the data
presented in Fig. 12.

- 4.3 AERODYNAMIC HYSTERESIS EFFECTS

Aerodynamic hysteresis occurs when the value of an aerodynamic coefficient
depends on the past history of the model motion, and this phenomenon makes analysis
and application of the data difficult. Aerodynamic hysteresis had been observed in pitch
and yaw polars at angles of attack below 20 deg during recent transonic wind tunnel tests
of a fighter configuration. Therefore, a brief survey was conducted to determine whether
aerodynamic hysteresis occurred within the angle-of-attack and sideslip range of the
current test.

Hysteresis effects were investigated by pitching and yawing the model in both
directions. No significant hysteresis effects were observed for pitch polars; liowever,
significant hysteresis effects were observed in yaw polars with the clean configuration for
a = 15 deg at supersonic Mach numbers. Typical hysteresis effects obtained while yawing
the model from -10 to 10 to -10 deg for the clean aircraft and with 12 SUU-30H/B
stores, at M_ = 1.2 and a = 15 deg, are presented in Fig. 13. At these test conditions, all
aerodynamic coefficients except Cy exhibited some hysteresis for the clean configuration,
with yawing moment showing the most pronounced effect. Only limited hysteresis data
were taken with external stores; however, the data suggest that the addition of pylons,
with or without external stores, significantly reduced hysteresis effects during yaw polars.
Because test time was limited, all yaw polars could not be run in both directions.
Therefore, most of the yaw polars were run with increasing 8, and all yaw data presented
in the remainder of this report were obtained while increasing 8 from -10 to 10 deg.

4.4 EFFECTS OF EXTERNAL STORE LOADINGS

The effects of pylons and various loadings of external stores on the static margin are
presented in Fig. 14. Pylons-alone and single-carriage store effects are shown in Figs. 14a
through d, and multiple-carriage store effects are shown in Figs. 14e through j. All

10
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external store loadings were generally destabilizing, except at M_ = 0.8 and 0.9 with A =
26 deg. Single-carriage loads were generally less destabilizing than multiple-carriage loads.
Adding the extended Pave Tack pod to the model with four GBU-15CCW stores had little
effect on the static longitudinal stability at subsonic Mach numbers and produced a slight
increase in static longitudinal stability at supersonic Mach numbers.

Incremental drag data showing the effects of pylons and various external store
loadings on the drag of the clean F-111 model are presented in Fig. 15. The variations of
the incremental drag coefficients exhibit the normal transonic drag rise. The incremental
drag coefficients also decrease with increasing wing sweep angle. Drag increments
produced by the various external stores at representativeAevel flight values of Cy are also
presented in tabulated format in Table 3.

The effects of various external store loadings on the static directional stability
derivative are presented in Fig. 16 in the form of incremental changes in the static
directional stability derivative. Most pylon store configurations had little effect on static
directional stability except at M_ = 0.9 and 0.95 where the GBU-10, GBU-15CCW, and
AGM-65 stores generally degraded the static directional stability at a = 15 deg. At
supersonic Mach numbers, pylon store configurations generally increased the static

directional stability (positive ACng). The static directional stability contribution of all
pylon store configurations increased with increasing Mach number and wing sweep angle
at supersonic Mach numbers. Adding the extended Pave Tack pod to the fuselage
centerline degraded the static directional stability at all wing sweep angles, angles of
attack, and Mach numbers. :

The effects of external store configurations on the effective dihedral are presented in
Fig. 17. At A = 26 deg, pylon stores generally increased the effective dihedral (negative
ACQB) at a = 5 deg. At higher angles of attack, most pylon store configurations decreased
the effective dihedral. In particular, the incremental data in Figs. 17¢ and d, when
compared to the clean configuration data in Fig. 9¢, show that the GBU-15CCW with and
without the extended Pave Tack pod degraded CQB sufficiently to change the effective
dihedral from favorable to unfavorable at a = 15 deg at M_= 0.7.

Increasing the wing sweep angle decreased the effect of pylon stores on the effective
dihedral. However, at A = 45 deg, the low effective dihedral of the clean aircraft at a = 5
and 10 deg for M_ > 0.9 allowed all pylon store configurations to reduce the effective
dihedral to near zero. Adding the extended Pave Tack pod to the aircraft with four
GBU-15CCW stores had no significant effect on the effective dihedral.
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Transonic wind tunnel tests were conducted to determine the effects of external
stores on the aerodynamic characteristics of the F-111 aircraft. The results obtained are

5.0 SUMMARY OF RESULTS

summarized as follows:

1.

For the moment reference point chosen, the clean aircraft model exhibited
near-neutral longitudinal stability for a 26-deg wing sweep angle and was
directionally unstable at high angles of attack at Mach numbers 1.05 and
1.10.

The clean aircraft model exhibited hysteresis effects during yaw polars for
all coefficients except the normal-force coefficient. The yawing-moment
coefficient exhibited the most hysteresis effects. Addition of pylons, or
pylons and stores, significantly reduced hysteresis effects.

Generally, all pylon store and pylon configurations tested decreased the
static longitudinal stability, except for Mach numbers 0.8 and 0.9 at wing
sweep angles of 26 deg, where pylons, single carriage, and AGM-65 store
configuations increased the static longitudinal stability.

Adding pylon stores generally had little effect on the static directional
stability at subsonic Mach numbers except at M_ = 0.9 and 0.95, where
the GBU-10, GBU-15CCW, and AGM-65 were destabilizing at high angles
of attack. All external stores increased the static directional stability at
supersonic Mach numbers.

Most pylon store configurations produced a favorable dihedral effect at an
angle of attack of 5 deg and an unfavorable dihedral effect at higher
angles of attack at a wing sweep angle of 26 deg. Increasing wing sweep
angle decreased the effect of pylon stores on the effective dihedral.

Adding the extended Pave Tack pod increased the static longitudinal
stability at Mach numbers above 1.0, increased the drag coefficient,

decreased the static directional stability, and had no significant effect on
the effective dihedral.
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DIMENSIONS IN INCHES
# 150 TRANSITION GRIT

NOTE:

TRANSITION GRIT USED ONLY
FOR LIMITED TESTING TO
EVALUATE TRANSITION GRIT
EFFECTS

Figure 5. Boundary-layer transition grit pattern.
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d. Side-force coefficient, A = 26 deg
Figure 8. Continued.
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Figure 8. Continued.
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Figure 13. Typical hysteresis effects, a = 15 deg,
A =45 deg, M_ = 1.2.

68




AEDC-TR-78-35

o =

o O INCREASING B
‘ o DECREASING B

-0.50
Cm
-0.60 ]
-0.70
CLEAN
-0.50
Cm
-0.60 e
-0.70
-12 -8 -4 o 4 8 12
B

(2 SUU-30 STORES

b. Pitching-moment coefficient
Figure 13. Continued.

69




AEDC-TR.78-35

O INCREASING B
& DECREASING B

0.060
Ca L

0.050

ior

0.040

0.030

CLEAN

0.8

0.7

0.6
-12

-4 0 4

12 SUU-30 STORES

c. Axial-force coefficient
Figure 13. Continued.

70

s i e il i e s




AEDC-TR-78-35

O INCREASING B
& DECREASING B

0.4

02 —#\

-0.2

-0.4

0.4

CLEAN

0.2

-0.2

-04

-12

-8 -4 0 4q 8 12

12 SUU-30 STORES

d. Side-force coefficient
Figure 13. Continued.




AEDC-TR-78-35

O INCREASING B
A DECREASING B

0.02 T :
Cn | i T
| |
0.0l L SRRS SRR DR T
< s |
: &l
i . I Ll
-0.01 MBS Sl
|
: -002 —| |
[ CLEAN
0.02 r i
Cn 3
.
00l /
| L
J [P
o ﬁ/O/Q/ |
-
-0.01 ]
_0.0_212 -8 -4 0 a B S
B
* 12 SUU-30 STORES
e. Yawing-moment coefficient
J Figure 13. Continued.
T2




AEDC-TR-78-35

O INCREASING B
& DECREASING B

0.04
C
0.02
(0]
-0.02
\P\o
-0.04
3
CLEAN
:
; 0.04
Ci
0.02 \\1%\%¥\
(0] I\\
X
X
-0.02
P\Q
-0.04
-12 -8 -4 0] 4q 8 12
. B
12 SUU-30 STORES
l f. Rolling-moment coefficient
§ Figure 13. Concluded.
73

e




AEDC-TR 78-35

SM
; g”*\tL

-0.20

0.20 A=US DEG

ASM

-0.20

ASM é\c»-_*}JL

-0.20
0.4 0.6 0.8 1.0 Vg 1.4

M

a. Pylons alone
Figure 14. Effects of external stores on
] l the static margin.




Y

AEDC-TR-78-35

0.20 A=26 DEG
AaSM .: .
: B
-0.20 T
0.20 : A=U45 DEG
0 :
-0.20
0.20 A=54 DEG
aSM o0& o)
0
-0.20
0.u 0.6 B 1.0 1.2 1.4

M

b. Four GBU-10 stores
Figure 14. Continued.




AEDC-TR-78-35

0.20 A=26 DEG
AaSM
0
-0.20
0.20 A=|45 DEG
==
0
-0.20
0'20 /\=5L1 DEG
ASM —o T
0
-0.20
0.4 1.0 Lo

c. Four GBU-15CCW stores
Figure 14. Continued.

1.4




AEDC-TR-78-35

0. 50 =26 DEG
ASM ﬂ
| 0 =
‘ -0.20
! 0.20 A=4S DEG j

; ASM 0 ¢ E/‘RW S
:
=
i

j‘ -
ASM ——¢
j 0 >/ ?
:
] i O . 20
, 0.4 0.6 0.8 1.0 1.2 .4
| M
L / . @
‘ " d. Four GBU-15 stores and extended
| j Pave Tack pod
4 . Figure 14. Continued.




«.FDC-TR-78-35
0.20 r=26 DEG
ASM Q) l
L T / 1
R ; i
. e
]
-0.20 '
0.20 “ﬂLr—DEG
) O 4
ASM ﬁ?f——“: Y
0
-0.20
0.20 /\=5q DEG
. , b
ASM ' o
0
-0.20
O.4 0.6 0.8 1.0 1.2 1.4
M

e. 12 AGM-65 stores
Figure 14. Continued.




AEDC-TR-78-35

0.20 r=26 DEG
ASM ¢ : 3
0 —
-0.20 , 4
g0 =4S DEG '
aSM e -
0
1
-0.20
B b ' A=54 DEG
ASM > \ﬁ
0
|
-0.20 '
0.4 0.6 0.8 1.0 1.2 1.4 !
M, |

f. 16 Rockeye stores (slant 4 loading)
Figure 14. Continued.

79

g sim




AEDC-TR-78-35

0.20

il <L"\<>\,\/¢/O

-0.20

0.20

AaSM o—0—0"N

-0.20

0.20

ASM \o/ﬂ\fr——o\q

-0.20

0.u 0.6 0.8 1.0 1
M

g. 12 Rockeye stores (outboard pylons)
Figure 14. Continued.

80

1.4




AEDC-TR-78-35

0. 20 l\=26 DEG )
ASM 4
BT T
0 P
-0.20
O ) 20 /\=|-15 DEG
ASM O—P—0-0 \o/<
0
-0.20
0 2 20 A=5L1 DEG
ASM \O\L_o_ﬁb,—%H)
0
-0.20
0.4 0.6 0.8 U L 1.4
M”
h. 12 SUU-30 stores (outboard pylons)

Figure 14. Continued.

81




AEDC-TR-78-35

0.20 r=26 DEG
ASM
SE
0 ‘\J
-0.20
0.20 A=45 DEG
: \_\
0
-0.20
0.20 '\=Sq DEG
ASM T oA T
0
-0.20
0.4 0.6 0.8 1.0 I 1.4

M

12 MK-82SE stores (outboard pylons)
Figure 14. Continued.

82




AEDC-TR-78-35 ’
0.20 r=26 DEG
AaSM :
0 ]
-0.20
: 0.20 A=4S DEG
% aSM G Zad i
i 0
-0.20
0. 20 A=54 DEG
ASM g
0
-0.20
| 0.u 0.6 0.8 1.0 b 2 1.4
- e
j. 22 MK-82SE stores
d ey Figure 14. Concluded.

83




AEDC-TR-78-35

DbO

0.08

A=26 DEG

0.02

-0.02

A=4S DEG

0.08

0.06

0.04

0.02

-0.02

0.08

A=54 DE

G)

0.06

0.04

0.02

: o

-0.02
g4 0.5 0.6 0.7 0.8 0.9 1.0 L.l

M

a. Pylons alone
Figure 15. Effects of external stores on
the drag coefficient.

84

Lue 18

4




S SR s Gl S Sl S

.08

.06

.04

.02

0

.02

.08

.06

.04

.02

¢

.02

.08

.06

.04

.02

0

AEDC-TR-78-35

M

b. Four GBU-10 stores
Figure 15. Continued.

85

el

0

A 0.2

0.6
A=26 DEG
A=U5 DEG
A=54 DEG

.02

Ol 0.S 0.6 07 0:8 0.9 LG 1 e 1.3

1.4




AEDC-TR-78-35

opo
o000
(2,8 ]

T

A=26 DE

0.06

0.04

0.02

-0.02

0.08

A=45S DEG

0.04

0.02 ;

-0.02

0.08

A=5Y4 DEG

0.06

0.04

0.02 g

1 M

» c. Four GBU-15CCW stores
d Figure 15. Continued.

02
GIH eSS U6 0 080 N OR

1

L2 a3

1%

y

-




o

|
|
!
|

.08

.06

.04

.02

.02

.08

.06

.04

.02

.08

.06

.04

.02

AEDC-TR-78-35

CL
0
a 0.2
8] 0.6
A=26 DEG
h
A=45 DEG

A=5Y4 DEG

- %

02
[l = (ol 0 A (o) fof () el el L a it sl e (U

M

o«

d. Four GBU-15CCW stores and extended
Pave Tack pod
Figure 15. Continued.

87




AEDC-TR-78-35

.08

.06

.04

.02

.02

.08

.06

.04

.02

.02

.08

.06

.04

.02

opbo
oo
oo r

A=U5 DEG T |

———

A=54 DE

G)

02
g.4 0.5 0.6 0.7 058 0.9 1.0

M

e. 12 AGM-65 stores
Figure 15. Continued.

ki

1

1.2 1.3 1.4




.08

.06

.04

.02

.02

.08

.06

.04

.02

.02

.08

.06

.04

.02

AEDC-TR-78-35

CL
0.0
a 0.2
0.6
A=26 DEG
A=45S DEG

BB zmm

A=54 DE

1G)

e

i

02
gols 025 046 1057 089008 IR0 1L e S

M

f. 16 Rockeye stores (slant 4 loading)
Figure 15. Continued.

89

VR

|
|
|
|




AEDC-TR-78-35

.08

.06

.04

.02

.02

.08

.06

.04

.02

.02

.08

.06

.04

.02

0.02

CL
(o] 0
a 0.2
0 0.6
=26 DEG
A=26
%
A=4YS DEG
A=5S4Y DEG
[ 2
0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1

M

g. 12 Rockeye stores (outboard pylons)

Figure 15. Continued.

90

4




s

0.08
0.06
0.04

0.02

-0.02

0.08
0.06
0.04

0.02

-0.02

0.08
0.06
0.04
0.02

0

-0,02

g4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 (.4

AEDC-TR-78-35

o
o 0
a 0.2
o 0.6
A=26 DEG
A4S DEG
4
1
A=5Y4 DEG

M

h. 12 SUU-30 stores (outboard pylons)
Figure 15. Continued.

91




AEDC-TR-78-35

o0oO0o0 0O

obo
o

0.08 A=20 DEC

0.06

0.04

-0.02

0.08 azl5 DEC

0.06

0.04

-

-0.02

0.08 ‘ A=54 DEG

0.06

e

0.04

&

=1

-0.02
Ul 0.S 006 U7 UL8E 058 10 el - lee 130 1.4

M

i. 12 MK-82SE stores (outboard pylons) ?
y Figure 15. Continued. )

92

it — . B




j AEDC-TR-78:35 |

o000 a
(20, V]

Dbo

.08 A=26 DEG

Ry
o

0.06

0.04

0.02

0.08 a=45 DEG

0.06

0.04

0.02

| ; A=54 DEG
0.08 i

0.06

0.04

0.02 %FQ‘

| -0.02
f [ S o iRl bl oo 7 ol o e o B IR0 S I8 (2 £ < (L
b g M

o

Frice j- 22 MK-82SE stores
d g Figure 15. Concluded.

93




| AD=AOS7 409 ARNOLD ENGINEERING DEVELOPMENT CENTER ARNOLD AIR FORC==ETC F/G 20/4 N
AERODYNAMIC CHARACTERISTICS OF A 1/24=SCALE F=111 AIRCRAFT WITH==ETC(U) .
JUL 78 C F ANDERSON
UNCLASSIFIED AEDC=TR=78-35

AFATL=TR=78=55




AEDC-TR-78-35

(0] S DEG
D 10 DEG
A 1S DEG
0. 002 A=2 DEG
aCg
0 —F
-0.002
0.002 A=U5 DEG
alg
0
-0.002
0.002 A=Su DEG
alyg
0 @m—-
-0.002
0.4 0.6 0.8 1.0 1.2 1.4
Mﬂ
a. Pylons alone
Figure 16. Effects of external stores on the static
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Table 2. Aerodynamic Coefficient Uncertainties

M_ |q_, psf tGCL £8C ﬁcD 8¢, iGCn idcz
0.50 180 0.0350 | 0.0136 | 0.0124 | 0.0101 | 0.0016 | 0.0010
0.70 295 0.0188 | 0.0084 | 0.0071 | 0.0060 | 0.0010 | 0.0006
0.80 350 0.0144 | 0.0071 | 0.0057 | 0.0050 | 0.0008 | 0.0005
0.90 400 0.0122 | 0.0064 | 0.0050 | 0.0043 | 0.0007 | 0.0005
0.95 425 0.0117 { 0.0062 | 0.0048 | 0.0041 | 0.0007 | 0.0005
1.05 460 0.0100 | 0.0063 | 0.0043 | 0.0037 | 0.0006 | 0.0004
1.10 475 0.0093 | 0.0059 | 0.0041 | 0.0036 | 0.0006 | 0.0004
1.20 500 0.0082 | 0.0055 | 0.0038 | 0.0034 | 0.0006 | 0.0004
1.30 515 0.0073 | 0.0051 | 0.0035 | 0.0033 | 0.0006 | 0.0004
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Table 3. Incremental Drag Coefficients

AEDC-TR-78-35

ACD
A = 26° A = 450 A = 540
Pylon Rack M= 0.7 M,= 0.9 M=1.2
Stores . i - =
Loading CL = 0.6 L 0.4 CL 0.2
Pylons alone = = 0.004 = 0.005
4 GBU-10 Single - 0.011 0.014 0.019
4 GBU-15CCW Single - 0.013 0.017 0.025
4 GBU-15CCW ;
Pave Tack Pod Single - 0.018 0.023 0.031
12 AGM-65 Multiple LAU-88 0.022 0.031 0.035
16 Rockeye Multiple BRU-3A/@ 0.017 0.019 0.023
Slant 4
12 Rockeye Multiple BRU-3A/A| 0.010 0.012 0.021
Outboard
12 SUU-30H/B Multiple BRU-3A/A| 0.018 0.021 0.032
Outboard
12 MK-82SE Multiple BRU-3A/A[ 0.010 0.011 0.016
: Outboard
22 MK-82SE Multiple BRU-3A/Al 0.016 0.019 0.028
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ACQB

Cn

Ca

NOMENCLATURE
Model reference span, 31.500 in.
Model buttline, in.
Axial-force coefficient, axial force/q_S
Drag coefficient, drag/q_S
Drag coefficicnt at zero lift

Incremental changes in drag coefficient caused by adding external stores;
positive values indicate a drag increase

Lift coefficient, lift/q_S

Lift curve slope, slope of a linear least-squares curve fit of the lift coefficient
versus angle of attack from -2 < a < 6 deg, per degree

Centerline
Rolling-moment coefficient, rolling moment/q_Sb

Effective dihedral, slope of a linear least-squares curve fit of the rolling-moment
coefficient versus sideslip angle from -4 < < 4 deg, per degree

Incremental change in the effective dihedral caused by adding external stores;
positive values indicate a favorable dihedral effect

Pitching-moment coefficient, pitching moment/q_Sc (see Fig. 2 for moment
reference location)

Normal-force coefficient. normal force/q_S
Yawing-moment coefficient, yawing moment/q_Sb

Static directional stability derivative, slope of a least-squares curve fit of the
yawing-moment coefficient versus sideslip angle from -4 < § < 4 deg, per
degree

Incremental changes in the static directional stability derivative caused by
adding external stores: positive values indicate a destabilizing effect

B |

i i




Cy

Cyp

Ll

FS

SM

ASM

WL

Aa

AEDC-TR-78-35

Side-force coefficient, side force/q_S

Side-force derivative, slope of a linear least-squares curve fit of the side-force
coefficient versus angle of sideslip from -4 < 8 < 4 deg, per degree

Theoretical mean aerodynamic chord at A = 16 deg, 4.521 in.
Model fuselage station, in.

Free-stream Mach number

Free-stream total pressure, psfa

Free-stream dynamic pressure, psf

Unit Reynolds number, per foot

Model reference area, wing area, 0.911 ft2

Static margin, slope of a linear least-squares curve fit of the pitching-moment
coefficient versus lift coefficient from -2 < a < 6 deg, fraction of C; negative
when the center of pressure is aft of the moment reference center

Incremental change in static margin caused by adding external stores; positive
values indicate a destabilizing effect

Model waterline from reference horizontal plane, in.
Model waterline angle of attack, deg

Tunnel flow angle, deg, positive for flow upwash
Angle of sideslip, deg

Wing leading-edge sweep angle, deg




