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ABSTRACT

Force and moment data were obtained with a 0.05-scale model of the F-4D aircraft
at Mach numbers from 0.75 to 1.30 to determine the effects of different store and rack
configurations on the static stability and drag of the aircraft. Six proposed rack launchers
and four proposed store shapes were tested for a total of 57 external loading configurations.
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NOMENCLATURE
Base area, 0.0747 ft2
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Measured axial-force coefficient, measured axial force/q_S
Base axial-force coefficient, (p_- pp) Ap/q._S
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Pitching-moment coefficient, pitching moment/q_Sc, moment reference at FS
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The derivative of the pitching-moment coefficient with respect to the lift

coefficient at Cp = 0.20, in percentage of T from the moment reference

'Forebody lift coefficient, forebody lift/q_S

Mean aerodynamic chord, 0.802 ft

Fuselage station, in.

Free-stream Mach number

Free-stream static pressure, psfa

Model base pressure, psfa

Free-stream dynamic pressure, psf -

Wing reference area, 1.3250 ft2

Waterline from reference- horizontal plane, in.

Model angle of attack, angle between a model waterline and the free-stream
velocity vector, deg
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SECTION |
INTRODUCTION

At transonic and supersonic speeds, the external carriage of weapons on fighter-type
aircraft can produce an added drag and sometimes a destabilizing pitching moment which
may be detrimental to the aircraft mission. Therefore, at the request of the Air Force
Armament Laboratory, Eglin Air Force Base, Florida, tests utilizing a 0.05-scale
model of the F-4D aircraft were conducted in the Aerodynamic Wind Tunnel (4T) of
the AEDC Propulsion Wind Tunnel Facility (PWT) to evaluate the effect of several new
store configurations and rack launchers upon aircraft static stability and drag. Four Triple
Rack Launchers (TRL1 through TRL4) and a Quadruple Rack Launcher (QRLI) configured
with four weapon stores (Ml through M4) were tested, as well as an Advanced Tactical
Rocket Launcher (ATRL 30 x 30). These weapons and launchers are proposed new systems
of weapon carriage. Longitudinal static stability and drag data were obtained at Mach
numbers of 0.75, 0.85, 0.95, 1.10, and 1.30 for 57 loading configurations of the above
weapons and launchers.

Similar tests have been previously conducted in Tunnel 4T with different store
configurations and rack launchers; the results are presented in Refs. 1 and 2.

SECTION I
APPARATUS

2.1 TEST FACILITY

Tunnel 4T is a closed-loop, continuous flow, variable density tunnel in which the
Mach number can be varied from 0.2 to 1.3. At all Mach numbers, the stagnation pressure
can be varied from 200 to 3400 psfa. The test section is 4 ft square and 12.5 ft long
with perforated, variable porosity (0.5- to 10-percent open) walls. It is completely enclosed
in a plenum chamber from which the air can be evacuated, allowing part of the tunnel
airflow to be removed through the perforated walls of the test section. A more thorough
description of the tunnel may be found in Ref. 3. A sketch of the test section wall details
and the location of the test model in the test section is shown in Fig. 1, Appendix I.

2.2 TEST ARTICLES

The test articles were 0.05-scale models of the F-4D aircraft, 370-gal fuel tanks, and
various new stores and rack launchers. The horizontal tail setting of the F-4D aircraft
was at a positive 1.0-deg incidence angle with respect to the model waterline. The wing-root
chord also had a 1.0-deg incidence angle with respect to the waterline. All tests were
conducted with free boundary-layer transition on the model.

A sketch showing the basic dimensions of the F4D aircraft model is presented in
Fig. 2. The location of the forward end of the pylons, 370-gal tank, racks, and stores
is also given in Fig. 2. Details and dimensions of the pylons are given in Fig. 3, and
details and dimensions of the rack launchers are given in Fig. 4. Details and dimensions
of the 370-gal fuel tank on the outboard pylon are shown in Fig. 5. Details and dimensions
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of the weapon stores are shown in Fig. 6. The numbering sequence of the various rack
launcher stations is shown in Fig. 7 along with the roll orientation of the store at each
launcher station.

Photographs of seven configurations installed in the test section are shown in Fig.
8 and include each of the different stores and rack launchers tested. A list of all the
configurations tested is presented in Table I, Appendix II.

2.3 INSTRUMENTATION

A six-component, moment-type, internal strain-gage balance was used to obtain the
force and moment data. Three base pressure measurements were made with pressure
transducers connected to three orifices located on the sting inside the base of the aircraft
model.

SECTION 1t
TEST DESCRIPTION

3.1 TEST CONDITIONS AND PROCEDURES

Force and moment data were obtained on various store configurations of the F-4D
aircraft. The Mach numbers at which the tests were conducted were 0.75, 0.85, 0.95,
1.10, and 1.30 at a free-stream dynamic pressure of 750, 820, 885, 955, and 900 psf,
respectively. The Reynolds number per foot was held at 5.0 x 106 for all Mach numbers
except M., = 1.30. At Mach number 1.3 the Reynolds number was 4.4 x 106 ft-1. The
total temperature was varied from 100 to 120°F. The test section wall porosity was varied
with free-stream Mach number in order to achieve the minimum lift interference while
reducing blockage effects. The tunnel conditions were held constant at the prescribed Mach
number and Reynolds number while the angle of attack was varied from -4 to 15 deg.
Data were recorded at 0.5-deg increments for angles of attack from -4 to 4 deg and 1.0-deg
increments from 4 to 15 deg.

3.2 CORRECTIONS

Balance and sting deflections caused by aerodynamic loads on the model were
accounted for in the data reduction program to determine the angle of attack. Model
weight tare corrections were made to calculate net aerodynamic forces on the model.
A model base drag correction was made to obtain the forebody coefficients.

3.3 PRECISION OF MEASUREMENTS

The precision of the data which can be attributed to the inaccuracies in balance
measurements and in setting tunnel conditions was determined for a confidence level of
95 percent and is presented below for the set of conditions that produces the largest errors.

Cp (CL = 0.3) CL Cn dCp, /dCL Qee
+0.0015 +0.006 +£0.002 +0.2% +10
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The error in setting Mach number is within +0.005. The Mach number variation
in the portion of the test section occupied by the model is no greater than +0.002 for
Mach numbers up to 0.95 and +0.01 for Mach numbers greater than 1.0. The error in
setting angle of attack is +0.1 deg.

SECTION |V
RESULTS AND DISCUSSION

The force and moment coefficients were machine plotted and faired with straight
lines with the exception of the dC,, /dCy and Cp versus M,, plots, which were hand plotted.
The data are presented in the following format and order for each group of data: (1)
Cp versus a, (2) C;, versus C, (3) Cp versus C, (4) dC,, /dC; versus M., and (5) Cp
versus M. The derivative of the pitching-moment coefficient with respect to the lift
coefficient (dC,, /dC;) was determined by curve fitting the Cy, versus Cp curve with a
quadratic equation over the range 0 < Cp < 0.4 and evaluating the derivative of this
equation at Cp = 0.2. The resulting value for dC,, /dC; is the static margin for the aircraft,
and negative values indicate a stable aircraft. Although the aircraft is not trimmed at this
condition (Cy, = 0.20), with the horizontal stabilizer setting used during these tests, the
values presented should closely approximate the true static margin for the power-off case.
The drag coefficient versus Mach number is plotted at C;, = 0.3 and C. = 0.1 for M.,
< 1.0 and M,, > 1.0, respectively. For a comparison base the results from the clean F-4D
aircraft are shown for each group of data. Only the results from selected configurations
are presented for brevity.

The aerodynamic coefficients are presented in Figs. 9 through 52. Figures 9 through
12 present data for configurations which have combinations of the inboard pylon without
racks and the outboard 370-gal fuel tank. The addition of the fuel tanks (configurations F402
and F404) produce a large increase in the drag coefficient and a large decrease in the
static margin compared to the clean aircraft (see Fig. 12). Figures 13 through 16 and
17 through 20 present data for configurations which have M1 stores on the TRL1 rack
and M2 stores on the TRL2 rack, respectively, all with the outboard fuel tanks. As shown
in Fig. 16, the addition of M1 stores to the TRL1 rack (configuration F408) reduced
the static margin to about zero at Mach numbers 0.75 and 0.85. As shown in Fig. 20,
the addition of M2 stores to the TRL2 rack (configuration F412) reduced the static margin
to about 1 percent at the lower Mach numbers.

Data are presented in Figs. 21 through 32 for configurations with fully loaded racks
with and without the outboard 370-gal fuel tanks. As can be seen from the results, the
addition of the fuel tanks with a full load of carriage weapons greatly reduced the static
margin and increased the drag coefficient of the aircraft (see Figs. 24, 28, and 32).

Data are presented in Figs. 33 through 36 and 37 through 40 for configurations
which have empty and fully loaded M2, M4, and M3 stores on racks TRL2 and QRLI,
respectively, with the outboard fuel tanks. Figures 41 through 44 and 45 through 48
present data for essentially the same weapon configurations as above without the outboard
fuel tanks. These results show that the different stores on a particular rack produced
little change in the aerodynamic coefficients or the static margin for models either with
or without the fuel tank (see Figs. 33 through 48).
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Data are presented in Figs. 49 through 52 for configurations which have the outboard
ATRL 30 x 30, the inboard ATRL 30 x 30, and the inboard ATRL 30 x 30 with the
outboard fuel tanks. The aircraft was unstable at Mach numbers 0.75 and 0.85 with both
the inboard ATRL 30 x 30 and the outboard 370-gal fuel tanks (configuration F456)
as can be seen in Figs. 50a, 50b, and 52a.

SECTION V
CONCLUSIONS

. Based on the results of the test to determine the longitudinal static stability and
drag characteristics of the F-4D aircraft with various external store configurations, the
following conclusions are made:

1. The addition of any of the various weapon racks and stores to the aircraft resulted
in a significant decrease in the static margin of the aircraft and increase in the
drag coefficient.

2. Using the inboard ATRL 30 x 30 in combination with the outboard 370-gal
fuel tank resulted in an unstable aircraft at Mach numbers 0.75 and 0.85.
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