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PREFACE

The work reported herein was conducted by the Arnold Engineering Development
Center (AEDC), Air Force Systems Command (AFSC), at the request of the Air Force
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 P4I C-04A. 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

Wi nd tunnel tests were conducted to evaluate the effects of various external store
loadings on the performance and stability of an F-I 11 aircraft model. The tests were
conducted in the Aerodynamic Wind Tunnel (4T) of the AEDC Propulsion Wind Tunn~l
Facility (PWT) using a 1/24-scale F-i 11 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 wi ng sweep angles of 26, 45, and 54 deg at Mach numbers fro m

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 5, 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 tunne l equipped

wi th 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 1 2.5 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.1

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-I 11 aircraft, AGM-65, Rockeye,
MK-82SE, SUU-30H/B, GBU-iO , and GBU-I5CCW stores, an ext ended Pave Tack pod,
and associated suspension equipment. The F-i 11 model had flow-through ducts and was
equipped with Type II inlets (no splitter plates) containing fixed I 0-deg inlet spikes and

1Test Facilities Handbook (Tenth Edition). “ Propulsion Wind Tunnel Facility, Vol . 4.” Arnold
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 st ing 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.

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 curren t 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 li mited 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 porti on of the ex tended 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-i 11 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
with the clean model at Pt = 1 ,200 psfa for Mach numbers fro m 0.6 to 0.95 with A = 26
deg. The nominal test conditions were:

6
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p~ , psfa Re x io
_6
, per foot

0.5 1 , 200 1.71

0.5 2, 600 2.80

0.7 
- 

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 2.5 0

1.10 1 , 200 2.53

1. 20 1.200 2.55

1.30 1 , 200 2.55

1.30 2,000 3.99

The test procedu res were conventional in nature , consisting of varying the model

angle of attack incrementally at zero sideslip angl e, or varyin g the model angle of sideslip
at a constant angle of attack. The test program that was completed during these tests is
presented in Table I 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 0 (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.

7
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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 T EST RESULTS

The static stability and drag characteristics of the clean F-I I I  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 stabil ity derivatives. All
aerodynamic coefficients are presented for the baseline (clean) configuration; however,
only increment~v ’ data are presented to show the effects of external stores. The
incremental data were obtained by subtracting coefficients and derivatives of the baseline
confi guration from the coefficients and derivatives of the configurations with stores.

Drag increments were calculated at specific lift coefficients fro m 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 Cm versus CL for nominal angles of attack from -2 to 6
deg. Lateral-directional derivat ives were also evaluated from linear least-squares curve fits
of the data for nominal sidesl ip 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-i 11 model are presented in
Fig. 8. Although the characteristics are generally well behaved, the lift coefficient
variation with angle of attack exhibite d 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,~ ~ 0.8
for A = 26 deg. The reason for the rolling-moment coefficient behavior is not known ;
however, hysteresis checks made at a = 1 5 deg indicate that the data repeated within the
data uncertainty 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.

8
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The data presented in Fig. 8 are summarized in Fig. 9 in terms of static longitudinal

and lateral-directional stabilit y paramc ~ers and drag coefficients at specific values of the
lift coefficient. These data show that the F-i 11 model has essentially neutral static
longitudinal stabili ty at A = 26 deg. Static long itudinal stability increases with increasing
wi ng sweep angle and with increasing Mach number for M,, > 0.9.

The static margin was calculated by a linear fit of the CL versus Cm curves in order

to provide a si igle 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 CL and Cm have significant nonl inearities 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 CL versus Cm at specific values of CL to

show the effects of nonlinearities on the static margin (Fig. 9b). The linear curve fi t
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

~SM should be used with caution because of the nonlinearities in CL and Cm .

As shown in Fig. 9, the F-i 11 model was directionally stable at all conditions tested
except at a = 15 deg at M~, = 1.05 and 1.1 , where the model became directionally
unstable. The F-i 11 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 Pt =

2,000 psfa at M,,’~ 0.5, 0.9, and 1.3 for A 26 and 54 deg (Fi g. 10). A . ‘rent 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 a,, = 1.3, increasing Reynolds number decreased CL . i ncreased
Cm ,  and had little effect on CD 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 Pt =

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-l 11 aircraft , and the
effects produced by increasing total pressure are not believed to affect the incremental
data, all store effect data were obtained at Pt = 1,200 psfa and without transition grit.
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