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ABSTRACT 

A wind-tunnel test was conducted using 0.05-scaIe models to study the separation 
characteristics of the LAU-69/A rocket launcher, both full and empty, from the F-4C 
aircraft. The separation trajectories were initiated from the right-wing inboard pylon station 
utilizing the Triple Ejection Rack and from the ccnterline pylon utilizing the Multiple 
Ejection Rack. A 370-gal fuel tank was mounted on the outboard pylon. The flight 
conditions simulated were Mach numbers from 0.29 to 0.78 at an altitude of 5000 ft. 
For all test conditions, the parent aircraft was in unaccelerated level flight. Also, static 
stability, axial-force, and trajectory data were obtained for the empty launcher with and 
without flow through the empty launcher tubes. 

in 
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BL Aircraft buttock line from plane of symmetry, in., model scale 

b Store reference dimension, 1.308 ft full scale 

CA Store axial-force coefficient, axial force/qJS 
. t 

Cm Store   pitching-moment   coefficient,   referenced   to   the   store  eg,   pitching 
moment/qJSb 

Cm Store pitch-damping derivative, dCm /d(qb/2VJ 

C„ Store   yawing-moment   coefficient,   referenced   to   the   store   eg,   yawing 
momcnt/q«Sb 

Cnr Store yaw-damping derivative, dCn/d(rb/2V,J 

Cy Store side-force coefficient, side force/q^S 

FS Aircraft fuselage station, in., model scale 

Ixx Full-scale moment of inertia about the store XQ axis, slug-ft2 

ryy Full-scale moment of inertia about the store Ygaxis, slug-ft2 

IZ2 Full-scale moment of inertia about the store ZB axis, slug-ft2 

M„„ Free-stream Mach number 
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vn 



AEDC-TR-71-228 

p„ Free-stream static pressure, psfa 

q Store angular velocity about the YB axis, radians/sec 

q« Free-stream dynamic pressure 0.7 P..M,»2, psf 

r Store angular velocity about the ZB axis, radians/sec 

S Store reference area, 1.344 ft2, full scale 

t Real trajectory time from initiation of trajectory, sec 

v. Free-stream velocity, ft/sec 

WL Aircraft waterline from reference horizontal plane, in., model scale 

X Separation  distance  of the store  eg parallel to the flight axis system Xp 
direction, ft, full scale measured from the prelaunch position 

Xcg Full-scale eg location, ft, from nose of store 

XI Ejector piston location relative to the store eg, positive forward of store eg, ft, 
full scale 

Y Separation   distance   of the  store   eg parallel to the flight axis system Yp 
direction, ft, full scale measured from the prelaunch position 

Z Separation  distance  of the  store  eg  parallel  to  the  flight-axis system  ZF 

direction, ft, full scale measured from the prelaunch position 

a Parent-aircraft model angle of attack relative to the free-stream velocity vector, 
deg 

9 Angle between the store longitudinal axis and its projection in the Xp-Yp 
plane, positive when store nose is raised as seen by pilot, deg 

X Angle between the projection of the store longitudinal axis in the Xp-YF plane 
and the Xp axis, positive when the store nose is to the right as seen by the 
pilot, deg 

FLIGHT-AXIS SYSTEM COORDINATES 

Directions 

Xp Parallel to the free-stream wind vector, positive direction is forward as seen by 
the pilot 

vm 
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Xp Perpendicular to the Xp and Zp directions, positive direction is to the right as 
seen by the pilot 

Zp In the aircraft plane of symmetry, perpendicular to the free-stream wind vector, 
positive direction is downward 

The flight-axis system origin is coincident with the aircraft eg .and remains fixed 
with respect to the parent aircraft during store separation. The Xp, Yp, and Zp 
coordinate axes do not rotate with respect to the initial flight direction and attitude. 

STORE BODY-AXIS SYSTEM COORDINATES 

Directions 

XB Parallel to the store longitudinal axis, positive direction is upstream in the 
prelaunch position 

YB Perpendicular  to  the  store longitudinal axis, and parallel to the flight-axis 
system Xp-Yp plane when the store is at zero roll angle, positive direction is to 
the right looking upstream when the store is at zero yaw and roll angles 

ZB Perpendicular to both the Xß and Yß axes, positive direction is downward as 
seen by the pilot when the store is at zero pitch and roll angles. 

The store body-axis system origin is coincident with the store eg and moves 
with the store during separation from the parent airplane. The Xß, Yß, and Zß 
coordinate axes rotate with the store in pitch, yaw, and roll so that mass moments of 
inertia about the three axes are not time-varying quantities. 

IX 
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SECTION  I 
INTRODUCTION 

i ' i *   i » 

In the development of the Pave Rock weapon system, it was required that both 
empty and full configurations of the LAU-69/A rocket launcher be qualified for separation 
from the F-4C aircraft. One step in qualifying a store for release from an aircraft is 
the evaluation of the wind-tunnel-generated store separation data. Using a 
six-degree-of-freedom captive trajectory store separation system (CTS), trajectory trends 
may be obtained to aid in determination of the store separation envelopes. Therefore, 
the separation characteristics of the LAU-69/A rocket launcher from the F-4C aircraft 
were determined using the captive trajectory system in the Aerodynamic Wind Tunnel 
(4T) of the Propulsion Wind Tunnel Facility (PWT). 

The test was conducted using 0.05-scale models of the F-4C parent aircraft and the 
LAU-69/A full and empty launchers. The separation trajectories were initiated from the 
Triple Ejection Rack (TER) mounted on the inboard pylon of the right wing and the 

-Multiple Ejection Rack (MER) mounted on the centerline pylon of the aircraft. The 370-gal 
fuel tank was mounted on the outboard pylon of the right wing. Trajectory data were 
obtained at Mach numbers from 0.29 to 0.78 using simulated store weights, 
center-of-gravity locations, and angles of attack corresponding to the specific flight 
conditions. A constant altitude of 5000 ft was simulated. The ejector forces were 
time-variant functions provided by Air Force Armament Laboratory. 

Some static stability, axial force, and trajectory data were obtained for the empty 
launchers with a closed flat face as well as with the launcher tubes open to the passage 
of air flow. These data were obtained in order to determine if any significant differences 
could be observed. 

SECTION  II 
APPARATUS 

2.1    TEST FACILITY 

The Aerodynamic Wind Tunnel (4T) is a closed-loop, continuous flow, variable density 
tunnel in which the Mach number can be varied from 0.1 to 1.3. At all Mach numbers, 
the stagnation pressure can be varied from 300 to 3700 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. 

For store separation testing, two separate and independent support systems are used 
to support the models. The parent-aircraft model is inverted in the test section and 
supported by an offset sting attached to the main pitch sector. The store model is supported 
by the CTS which extends down from the tunnel top wall and provides store movement 
(six degreees of freedom) independent of the parent-aircraft model. An isometric drawing 
of a typical store separation installation is shown in Fig.   1, Appendix I. 
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Also shown in Fig. 1 is a block diagram of the computer control loop used during 
captive trajectory testing. The analog system and the digital computer work as an integrated 
unit and, utilizing required input information, control the store movement during a 
trajectory. Store positioning is accomplished by use of six individual d-c electric motors. 
Maximum translational travel of the CTS is ±15 in. from the tunnel centerline in the 
lateral and vertical directions and 36 in. in the axial direction. Maximum angular 
displacements are ±45 deg in pitch and yaw and ±360 deg in roll. A more complete 
description of the test facility can be found in Ref. 1. A schematic showing the test 
section details and the location of the models in the tunnel is shown in Fig. 2. 

2.2 TEST ARTICLE 

The test articles were 0.05-scale models of the F-4C parent aircraft and the LAU-69/A 
rocket launcher (full and empty). A sketch showing the basic dimensions of the F-4C 
parent model is presented in Fig. 3. Details and dimensions of the centerline and inboard 
pylons are shown in Fig. 4, the 370-gal fuel tank and outboard pylon are shown in Fig. 
5, the Triple Ejection Rack (TER) is shown in Fig. 6, the Multiple Ejection Rack (MER) 
is shown in Fig. 7, and the LAU-69/A models are shown in Figs. 8 and 9. 

The LAU-69/A empty metric model is shown in a cutaway view in Fig. 9a. In an 
attempt to minimize the blockage of the balance on the flow through the launcher tubes, 
the tubes were opened into a plenum near the front of the model. The flow was then 
ducted to the balance cavity where it passed over the balance and out the base of the 
model. A thin mylar film (0.00025 in. thick) was used to keep the flow through the 
balance cavity from impinging directly on the balance. The nose section with the launcher 
tubes was removable, and for the cases run with the launcher tubes blocked, the nose 
section was replaced with one without holes. 

The F-4 parent model is geometrically similar to the full-scale airplane except for 
some modifications incident to wind-tunnel installations and CTS operation. The tail section 
was removed because of interference with the CTS support movement. The parent model 
was inverted in the tunnel and attached by a 20-deg offset sting to the main sting support 
system (Fig. 2). The TER and MER were mounted on the inboard and centerline pylons, 
respectively, and were aligned with the 30-in. suspension lug positions as indicated in Figs. 
4, 6, and 7. The MER was installed in both forward and aft positions as indicated in 
Fig. 7. Figure 10 shows the numbering sequence of the TER and MER stations and the 
roll orientations of the stores mounted on each of the launch positions. Figure 11 shows 
a typical tunnel installation photograph of the parent aircraft and store model. 

2.3 INSTRUMENTATION 

A five-component internal strain-gage balance was used to obtain store aerodynamic 
force and moment data. Translational and angular positions of the store were obtained 
from CTS analog outputs, while parent-model angle of attack was determined by an angular 
position indicator on the main pitch sector. The right-wing and center line pylons contained 
a touch wire system which enabled the store to be accurately positioned for launch. The 
system was also wired to automatically stop the CTS motion and give visual indication 
should the store or sting support make contact with any surface other than the touch 
wire. 
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.,    fj„ r.       ., SECTION  III 
V.-nW:, TEST DESCRIPTION 

SJ^-TEST CONDITIONS 
•■;j ':■ . 
„. ,. ...Separation trajectory data were obtained at Mach numbers from 0.29 to 0.78. Table 
I,;(Appendix II) presents the tunnel dynamic pressures at which the trajectories were 
obtained.  The tunnel conditions were held constant at the desired Mach number and 
stagnation pressure while data for each trajectory were obtained. 

Because of the large angles encountered during the trajectories, the mechanical limits 
or sting grounds often determined when the trajectory stopped. A few trajectories were 
stopped after enough data on that particular trajectory were obtained to indicate a trend. 

.3.2 .,TRAJECTORY DATA ACQUISITION 
i '.    i ■ * 

; .'.To obtain a trajectory, test conditions were established in the tunnel and the parent 
model was positioned at the desired angle of attack. The store model was then oriented 
to a position corresponding to the store carriage location. After the store was set at the 
.desired initial position, operational control of the CTS was switched to the digital computer 
which controlled the store movement during the trajectory through commands to the CTS 
analog system (see block diagram Fig. 1). Data from the wind tunnel, consisting of 

.measured model forces and moments, wind-tunnel operating conditions,, and CTS rig 
positions, were input to the digital computer for use in the full-scale trajectory calculations. 

„ ,The digital computer was programmed to solve the six-degree-of-freedom equations 
to calculate the angular and linear displacements of the store relative to the parent-aircraft 
pylon (Ref. 2). In general, the program involves using the last two successive measured 
,y;alues .of each static aerodynamic coefficient to predict the magnitude of the coefficients 
over, the next time interval of the trajectory. These predicted values are used to calculate 

•the. new position and attitude of the store at the end of the time interval. The CTS 
is .then .commanded to move the store model to this new position and the aerodynamic 
loads are measured. If these new measurements agree with the predicted values, the process 
is -continued over another time interval of the same magnitude. If the measured and 
predicted values do not agree within the desired precision, the calculation is repeated over 
a.time interval one-half the previous value. This process is repeated until a complete 
trajectory has been obtained. 

In applying the wind-tunnel data to the calculations of the full-scale store trajectories, 
the measured forces and moments are reduced to coefficient form and then applied with 
proper full-scale store dimensions and flight dynamic pressure. Dynamic pressure was 
calculated using a flight velocity equal to the free-stream velocity component plus the 
components of store velocity relative to the aircraft, and a density corresponding to the 
simulated altitude. 

,'.,. The initial, portion of each launch trajectory incorporated simulated ejector forces 
in .addition to the measured aerodynamic forces acting on the store. The ejector force 
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functions for the stores are presented in Fig. 12. The ejector force was considered to 
act perpendicular to the rack mounting surface. The locations of the applied ejector forces 
and other full-scale store parameters used in the trajectory calculations are listed in Table 
II, Appendix II. 

3.3 CORRECTIONS 

Balance, sting, and support deflections caused by the aerodynamic loads on the store 
models were accounted for in the data reduction program to calculate the true store-model 
angles. Corrections were also made for model weight tares to calculate the net aerodynamic 
forces on the store model. 

3.4 PRECISION OF DATA 

The trajectory data are subject to error from several sources including tunnel 
conditions, balance measurements, extrapolation tolerances allowed in the predicted 
coefficients, computer inputs, and CTS position control, which was ±0.05 in. for the 
translational settings and ±0.15 deg for angular displacement settings in pitch and yaw. 
Extrapolation tolerances were ±0.10 for each of the aerodynamic coefficients. The 
maximum uncertainties in full-scale position data caused by balance precision limitations 
are given below. The maximum uncertainties for the static data are also given below. 
The estimated uncertainty in setting Mach number was no greater than ±0.002 and the 
uncertainty in parent-model angle of attack was estimated to be ±0.1 deg. 

MAXIMUM TRAJECTORY UNCERTAINTIES 

Model 
Configuration • t, sec       x. ft        y, ft        z, ft        8, deg      ifr, deg 

Empty 0.3 ±0.30       ±0.40       ±0.20 ±8.0       ±12.0 
Full 0.3 ±0.04      ±0.05       ±0.02        ±2.0      ±  2.0 

MAXIMUM UNCERTAINTIES IN STATIC STABILITY 
AND AXIAL FORCE COEFFICIENTS 

Cy Cn CA 

±0.017 ±0.030 ±0.014 

SECTION IV 
RESULTS AND DISCUSSION 

4.1     GENERAL 

Trajectories were obtained to determine the safe separation envelopes of the full and 
empty LAU-69/A launcher from the F-4C aircraft. Included were two full configurations 
simulating  loads  of the  2.75-in.  folding fin rockets with heavy and light warheads, 
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respectively.  No attempt will be made in this report to establish the safe separation 
envelopes or qualify the store as safe or unsafe for aircraft separation. 

The results obtained during the test consisted of ejector-separated trajectories 
simulating release from right- and left-wing inboard pylons and the centerline pylon. All 
TER separation sequences not in the 1, 2. 3 order represent left-wing simulations. From 
the centerline, trajectories were simulated for launch from MER locations 2, 4, and 6. 
In order to simplify the test procedure, the centerline symmetry of the model was used 
and' all trajectories which would have been launched from station 4 were launched from 
station 6 with a dummy store on station 4. For the TER trajectories, the MER was in 
either the forward or aft location (Fig. 7). The aft MER position was used for all MER 
trajectories. Plots showing the linear displacements of the stores relative to the carriage 
positions and the angular displacements relative to the flight-axis system are presented 
in Figs. 13 through 16 and Fig. 18. Positive X, Y, and Z displacements (as seen by the 
pilot) are forward, to the right, and down, respectively. Positive changes in 0 and \jj (as 
seen by the pilot) are nose up and nose to the right, respectively. Table II lists the full-scale 
store parameters used in the trajectory calculations and Table III describes the aircraft 
load configuration nomenclature. 

4.2    LAU-69/A, FULL 

•" Trajectory data for the full LAU-69/A with heavy and light warheads are presented 
in Figs. 13 and 14, respectively. The location of the ejector foot aft of the store 
center-of-gravity (Table II) would be expected to cause the store to pitch or yaw its nose 
toward the TER or MER rack initially. Since the store was statically unstable, the initial 
rotation caused by the ejector foot continued (typical examples-Fig. 14a below M« = 
0.62 for 0 and 13b and c for $) except where the local flow field angle was large enough 
to cause the aerodynamic moment to overcome the moment produced by the ejector 
force. The Mach number at which the direction of pitch or yaw changed because of local 
flow field effects varied according to configuration (light or heavy warhead) and station 
on the TER or MER, but generally was between M„, = 0.53 and 0.70. For example, at 
M,«, = 0.62, a = 2.3 the store with heavy warheads pitched up (Fig. 13a), while the store 
with the light warheads pitched down (Fig. 14a). For the heavy warhead, the 
center-of-gravity was farther forward which increased the moment applied by the ejector 
foot. Trajectories from the MER stations showed the same trends as those from the TER, 
except that the local flow field effects appeared to be shifted to higher angles of attack 
and lower Mach numbers than for the TER. For example, at M^ = 0.53, a = 3.5, from 
the TER on the inboard pylon, the store pitched up (Fig. 14a), while from the MER 
on the centerline the store pitched down (Fig.  14g). 

"The trajectories in Figs. 13 and 14 from the TER are for the MER located in two 
different positions, forward and aft (see Fig. 7). A few trajectories were run with the 
MER in both locations to assess the effect of MER location. The comparison data including 
repeat runs at M„ = 0.78 with the MER in forward and aft locations are presented in 
Fig. 15. In Fig. 15a and b for Station 2 of the TER, not much effect is shown, while 
in Fig. 15c for Station 3 of the TER, a difference is evident. The effect in Fig. 15c 
appears to be one of changing the Mach number at which 0 and ^ reverse directions. 
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4.3 LAU-69/A, EMPTY 

The trajectories for the empty LAU-69/A are presented in Fig. 16. With the munitions 
expended, the center-of-gravity of the store lay aft of the ejector foot. The moment 
produced by the ejector foot tended to rotate the store nose away from the TER or 
MER. The empty launcher was statically unstable and therefore tended to continue to 
rotate in the direction the ejector foot initiated. For the inboard shoulder (Station 2) 
of the TER, the local flow field angularity was great enough to produce an aerodynamic 
moment to overcome the initial moment produced by the ejector foot, and reversed the 
angular movement in yaw (i//) (Fig.  16b and f)- 

4.4 COMPARISON OF EMPTY LAUNCHER WITH TUBES OPEN AND CLOSED 

In the past, tests with empty launchers have been conducted with the launcher tubes 
either open or closed to a through-flow of air. The fabrication of the models with the 
launcher tubes open presents many problems. In an effort to determine whether the 
launcher tubes must be simulated or whether a closed flat-face launcher would be adequate, 
static stability and axial-force data (Fig. 17) and trajectory data (Fig. 18) were obtained. 
The side-force coefficients are larger for any given yaw angle for the open-tube 
configuration than for the closed-tube configuration, while the axial-force coefficients are 
larger for the closed tubes. Significant .differences in static stability are evident at low 
angles of attack. The closed-tube configuration is statically stable below about three-degrees 
yaw angle, while the open-tube configuration is unstable at all angles. 

The trajectory data also show differences in X, 0, and ty. The differences between 
the open- and closed-tube trajectories appear to increase with increasing time. From this 
limited amount of data it would appear that the difference between open- and closed-tube 
simulation of the empty launcher justifies building the models with provisions for mass 
flow through the launcher tubes. 
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TABLE I 
SUMMARY OF TEST CONDITIONS 

M q   ,   psf 
00 T30 '      r 

0.29 185 

0.37 294 

0.45 417 

0.53 500 

0.62 500 

0.70 500 

0.78 500 
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TABLE II 
FULL-SCALE STORE PARAMETERS USED IN TRAJECTORY CALCULATIONS 

PARAMETER LAU 69/A (Full  Light) LAU 69/A Full (heavy) LAU 69/A Empty 

Pitch-Damping Derivative 
C  , per radian 

-27.0 -27.0 -45.0. 

Yaw-Damping Derivative 
C , per radian 

-27.0 -27.0 -45.0 

Hass, i, slugs 20.10 23.30 2.79 

Center of Gravity with Respect to 
Store Nose, X  , ft eg 

3.373 3.077 2.598 

Store Reference Width, b, ft 1.308 1.308 1.308 

Ejector Piston Location Relative 
to Store eg, XL, ft 

-0.341 -0.637 0.318 

Moment of Inertia, 
In, slug-ft2 

3.648 4.21 0.805 

Moment of Inertia, 
Iyy, slug-ft

2 38.06 51.559 7.571 

Moment of Inertia, 
Izz, slug-ft

2 
37.892 51.443 7.337 > 

m 
o 
o 

NOTE: "Lighfand"Heavy"indicate light and heavy war heads. 
ro 
ro 
oo 



TABLE III 
LOAD CONFIGURATIONS 

> 
m 
O 
o 

30 

ro 
09 

00 

Configuration 
Centerline Pylon 

with HER 
Inboard Pylon 

with TER Outboard Pylon 

1L, 1H, IE LAU-69/A Dummy  Sta 2, 6 LAU-69/A Launch Sta 1 
LAU-69/A Dummy  Sta 2, 3 

370-Gal Fuel Tank 

2L, 2H, 2E LAU-69/A Launch Sta 2 
LAU-69/A Dummy  Sta 3 

3L, 3H, 3E LAU-69/A Launch Sta 3 

5L, 5H, 5E LAU-69/A Launch Sta 3 
LAU-69/A Dummy  Sta 2 

6L, 6H, 6E LAU-69/A Launch Sta 2 

4L, 4H, 4E 
11 

LAU-69/A Launch Sta 1 
LAU-69/A  Dummy   Sta 2 

7L, 7H, 7E LAU-69/A Launch  Sta 2 
LAU-69/A  Dummy   Sta 4, 6 Empty TER 

8L, 8H, 8E LAU-69/A Launch Sta 6 
LAU-69/A Dummy  Sta 4 

■ 

9L, 9H, 9E LAU-69/A  Launch  Sta 6 y f 

NOTE:  Suffixes L and H refer to light or heavy warhead and E 
indicates an empty launcher. 
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