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FOREWORD

This report was prepared by General Dynamics' Convair
Aerospace Division, Fort Worth, Texas, for the Air Force
Flight Dynamics Laboratory, Directorate of Laboratories,
Air Force Systems Command, United States Air Force, Wright-
Patterson Air Force Base, Ohio. The study was conducted
under Contract F33615-73-C-3011, Project 1367, Task 136702,
Work Unit 1367C223 during the period from December 5, 1972,
to November 1, 1973. Mr. George E. Muller (AFFDL/FBE) of
the Structures Division, Structural Integrity Branch, Cri-

teria and Applications Group, was the project engineer on
this study.

The engineering studies accomplished under this con-
tract were conducted within the Aerospace Technology Depart-
ment, Aerodynsnics Section, of the Convair ferospace Divi-

sion. Mr. M. B. Sullivan was the program manager during
the contract period.

This technical report was submitted to the Air Force

on May 13, 1974. This technical repor: has been reviewed
and is approved.
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3 GEORGE E. MULLER
3 Project Engineer
: Criteria & Appl:ications Group

ROBERT M. BADER

: Chief, Structura:. Integrity Branch
Structures Division

FOR THE COMMANDER

.
: SRALD G. LEIGH, Lt Col, USAF

Chief, Structures Division
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ABSTRACT

A preliminary design technique for the prediction of
aerodynamic loads acting on external stores has been es-
tablirhed through an empirical correlation of wind tunnel
results obtained on a scale model of the F-111. Approxi-
mately 30,000 engineering data points were surveyed for
various combinations of external stores. These data, ori-
ginally stored on magnetic tape, were transferred to
CDC 6600 disk packs. This was done to reduce the amount
of computer run time required to collect the desired sam-
ples of data. For this study, correlations were performed
on each aerodynamic component of load or moment acting on
a particular store grouping as a function of various geo
metry parameters. The work was accomplished primarily
through the utilization of numerical programs in which,
through a series of “rial and error calculations, an equa-
tion composed of various key geometry parameters was
generated. The equations obtained for the numerical pro-
grams predict normal force, side force, pitching moment,
yawing moment, and rolling moment for various external
store arrangements. These forces and moments are predicted
at discrete angles of attack and angles of sideslip of the
store. Sections 1 throigh 8 and Appendix I summarize the
wind tunnel results utilized, the computer software devel-
noped to process the data and the results of the correlation
studies. Appendix II contains the mathematical relation-
ships to determine five components of aerodynamic force or
moment acting on various external store arrangements. This
appendix is self-contained so that it may be removed and
used more conveniently. The mathematical relationships
provided are intended for use in preliminary design.
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SECTION 1

INTRODUCTION

The development of military jet aircraft with improved
thrust-to-weight ratios has allowed an increase in the num-
ber and types of weapons carried on externally mounted
] pylons. In addition, increased penetration speeds over
target areas has resulted in greater aerodynamic forces and
moments acting on the stores. These two factors require,
even in the preliminary design stages, that a detailed
structural analysis be conducted to ensure that only the
minimal structural weight is added to resist the aerodynamic
and inertial loads resulting from the stores.

PN B AN

i

Modern attack aircraft can mount a large variety of
external stores simultaneously on multiple pylon locations.
In order to obtain the aerodynamic data necessary in the
design process, all of the major aircraft companies dzpend
on extensive wind tunnel testing. As a result, several of
the major aircraft companies have extensive 'ibraries of
wind tunnel results for aerodynamic force and moments acting
on many varieties of external stocre configurations. The
availability of large amounts of wind tunnel data offers the
possibility that the prediction techniques could be developed
based on an empirical correlation of the wind tunnel results
to various pertinent geometry parameters. This would effec-

tively generalize the data and allow application to other
aircraft programs.
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Studies are currently being conducted to develop
analytical techniques for the prediction of aerodynamic
loads acting on external stores. With high-speed digital
computer equipment, very complex mathematical solutions may
be obtained with reasonable machine run times. Reference
26 is a finite-element lifting-surface potential-flow-theory
program that is capable of calculating surface pressure
distributions for actual aircraft geometries. This procedure
i was developed from Referenc: 27 but was modified to obtain
: solutions at subsonic speeds and to allow for external bodies
3 to be evaluated. The program in its present format, however, 3
: is useful for the solution of single-pylon arrangements only. !
h& This is primarily due to the number of lifting surfaces which i
. mav be input. With geometry representation of the aircraft, X
the limited number of control points allowed is quickly ex- i
ceeded if a fin arrangement for anything more than a single
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weapon is represented. In addition to this approach, attempts
to solve the interference problem between adjacent stores are
being made. As illustrated in Reference 28 some degree of
success has been achieved. In total, however, it must be
stated that the availability of analytical techniques for
predicting external store aerodynamic loads in multiple

store loadings is remote and empirical techniques based on a

correlation of existing experimental data offer the best
alternative at this time.

Most of the up-~t--date testing to obtain external store
aerodynamic loads has been accomplished utilizing miniature
strain gages contained in the external store and designed
to yield five and six components of aerodynamic force and
moment data. During the F-111 program such instrumentation
was employed on a 1/12th scale model of the complete configu-
ration. During the testing as many as four pylon stations
were instrumented simultaneousiy. All of these data were

then recorded on magnetic tape for subsequent analysis util-
izing digital computer equipment.

This backlog of experimental data formed the basis for
the subsequent studies reported in this document. These
studies were conducted to establish empirical prediction
techniques for five components of force and moment acting
on an individual store correlated to pertinent geometry
parameters of the store and its location on the ccnfiguration.

The development of the prediction methods evolved in
three steps:

o Formulation of a data library
o Selection of correlation techniques
o Application of the correlation techniques

The mass of F-111 1/12-scale model external store loads
data formed the data library. These data contained on magne-
tic tapes was assembled on magnetic disk pack to reduce the
digital computer run time for subsequent surveys during the
actual correlation studies. To establish the geometric
correlating parameters use was made of established statis-
tical methods of regression analysis. The particular sta-
tistical technique coded for use with CDC 6600 digital com-
puter equipment produced an equation which predicted the
particular force or moment coefficient at a definite angle
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of attack or angle of sideslip. Graphical comparisons of
the predicted value of force or moment were then made with
the actual experimental data.
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SECTION 2

DATA LIBRARY FORMULATION

One of the most important aspects of the empirical
study to develop prediction techniques for external stores
was to establish a permanent library of experimental data.
During the development of the F-111 a 1/12th scale model
was built and ipnstrumented to allow the measurement of
aerodynamic forces and moments acting on various external
store configurations. The F-111 has eight wing spanwise
pylon locations and any pylon station is able to carzy a
single weapon or a cluster of as many as six weapons.
Because of this flexibility a large variety of external

store combinaticns were tested and all of the data taken
were recorded on magnetic tape.

This section of the report illustrates the general
arrangement of the F-111 airplane and defines the pylon
and external stores geometries. Tables are included which
show schematically the various total configurations tested
with the location of the strain gage instrumentation noted.

2.1 F-1l1l1 Airplane - External Store Geometry

Wind tunnel testing of a 1/12th scale model was con-
ducted with mipniature strain gages installed in various
external store arrangements to measure five components of
aerodynamic force and moment acting on a store configuration.
The components measured were normal force, side force, yawing
moment, pitching moment, and rolling moment. Many types of
stores were tested at subsonic, transonic, and supersonic
speeds at wing-sweep angles from 16 to 72.5 degrees, at
angles of attack of -5 to 420 degrees, and at sideslip
angles of -10 and +10 degrees. In addition to these param-

eters, the broad range of configuration design parameters
covered were:

o Store type (sti.e geometry)
o Store arrangement on pylon
¢ Pylon position on win

(14
13529

o Variations in pylon loading.
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4 three-view drawing of the F-11l is shown in Figure 1.
Each half of the wing has four pylon stations. A movable
pylon, shown in Figure 2, is mounted on the two inuer sta-
tions, and a fixed pylon, also shown in Figure 2, is mounted
on the two outer stations. Two types of racks (Figure 3)
are used for attaching the stores - a triple-ejector rack
capable of holding three stores (TER rack), and a multiple
ejector rack capable of holding six stores (MER rack).

3ingle stores were also attached directly to the pylon and
tested.

The sign conventions for the left and right wings are
shown in Figures 4 and 5, respectively. Figure 6 shows the
wing planform with the pylon stations for 1.6° wing sweep
and tabulated data is presented for other sweeps.

The orientation of the fins for several of the stores
n MER or TER racks is demonstrated in Figure 7. Detailed
dimensions of the stores racks and pylon tested are given
in Figures 8 through 17.

2.2 F-111 Wind Tunnel Program

The various extcrnal store configurations tested on the
F-111 are defined in Table I. This table gives the designa-
tion of the various stores tested at the various pylon sta-
tions, a schematic of the store arcangement and the pylon
stations occupied, the rack employed, and the actual ctation
where the strain gage was mounted to obtain the aerodynamic
loads. Additional information illustrates the specific
Mach numbev and wing sweep angles tested.

An identification of the test is contained in the next
to last column., This is the nuwbLer used by the test facility
to identify a particular wind tunnel test program. All was
accomplished at the AEDC 15--foot facility. A limited number
of configurations were tested at subsonic Mach numbers from
0.2 to 0.0 at the 12-foot pressure tunnel at NASA Ames.

As illustrated in Table I the store arrangement on the
left wing is defined. The strain gages on this wing were
installed in such a manner that aerodynamic loads acting
on the complete store plus rack plus pylon were measured.
The complete airplire configuraticn was alwzays tested
symmetrically and in the right wing strain gage instrumenta-
tion was installed to record the aerodynamic loads on the
store plus rack only. This of course produced two complete
sets of data for each store configuration tested.
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2.3 Data Retrieval From Magnetic Tapes

The wind tunnel data generated by the testing described
in Section 2.2 and Table I was stored in a total of lo
magnetic tapes for processing by CDC 600U digital computer
equipment. The initial phases of the studies described in
this report were concentrated on the development of the
digital computer procedures used to retrieve the specific
configurations from the magnetic tapes. Details of the

methods used are described below and are shown schematically
in Figure 18.

ST A Ty b aia™ A

T

2.3.1 Disk Pack Storage

by

The test data oxriginally stored on magnetic tape was
first transferred to magnetic disk pack. This was done to ;
reduce the computer machine run times to acceptable levels 1
during the survey for particular groups of external store :

=R

TR

force or moment data. A convenient code number listed in

Table II was used to identify the particular instrumented
3 store.

o LN

A File Identification Number (File ID.) was entered

F in the magnetic tape for eacl: total configuration tested ;

A
and is illustrated in %able 1II1 in the second column. This
number was carried into the program to store the data on
magnetic disk pack.

3l

T

A problem that was evident very early in the develop-
ment of the procedures was that several disk packs would be
required to load all data from the sixteen magnetic tapes.
This problem was unigue to the CDC equipment in that a word :
length in disk pack is a fixed value of 64, and this value :
could not be varied. Most of the data loaded required only
one third of *his word length, leaving almost two thirds of
the storage capacity of the disk pack unused.

1o st taiin ednliids

Cxas

cane ot i

o

For the actual loading operation of .he disk pack one
magnetic tape at a time was processed. On several occasions
difficulties in loading a tape resulted in a complete loss
] of all data on a disk pack. So that the information success-

fully loaded on a disk pack would be protected a new system
of computer procedures were coded. Under this system, all

T FTRY PR foC e o (e Ts)

information loaded on the disk pack was recorded prior to
the next attempt to load an additional maureiic

t"an

rapc on Line dJdisk pack.

}
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During the conversion from tape to disx pack, the test
data were nondimensionalized with respect to store gecmetry
rather than airplane geometry parameters. Also, tables of
geometric data corresponding to the varicus store types

were included on the disk for the planned correlation
studies.

2.3.2 Retrieval of Data From the Disk Pack

A second computer procedure (Code A7A) was written to
retrieve selected data from the disk packs in a convenient

format for use in correlation studies. Tabulated and plotted
data are obtained from this program.

A sample of the tabulated data is shown in Table IV,
A sample of plotted data from Procedure A7A is shown in
Figure 19. The normal force coefficient for a specific
store as a function of angle of attack at various sweeps
is shown in the figure. The plotted d..a were valuable in
detecting errors in the test data and in interpolating data

at angles of attack or side slip not explicit)y run in tue
test program,
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Table II CODE FOR STORE TYPE IDENTIFICATION

Configuration
Code

W N -

Store
Type
B43
B61

TMU-28/B (Full)
Empty Pylon (Pivot)
MER + Pylon (Pivot)

BLU-1C/B, Fins (2 on TER)
M-117R (3 on TER)

M-117R (6 on MER)

LAU-31A, w Nose, (3 on TER)
LAU-31A, w/o Nose (3 on TER)

TER + Pylon (Pivot)
M-117R, S4 on MER
M-117R, Flat 4 on MER
M-118

AIM-98, Slant 2

BLU-1C/B, w/o Fins (2 on TER)
450-gal Tank

M6l Gun Pods

AIM-54A, Phoenix

600-gal Tank

Tow Target

AGM-65 (3 Symmetric)
Martel TV

Martel TV + Launcher
Martel RDR (AJ-168 AR)

MK-10 (Slant 4)

TV Pod (Stores on Wing)
AGM-65 (2 Symmetrical)
AGM-65 (2 AI)

AGM-65 (2 A0)

TMU 281B (Full) Fixed Pylon
MER + Pylon Fixed Pylon

BLU-1C/B, Fins (2 on TER) Fixed Pylon
M-117R (3 on TER) Fixed Pylon
M-117R (6 on MER) Fixed Pylon
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Table II CODE FOR STORE TYPE IDENTIFICATION (Cont'd)

31

3 Configuration Store
: Code Type
: 36 LAU-3/A, w Nose (3 on TER) Fixed Pylon
3 37 LAU-3/A, w/o Nose (3 on TER) Fixed Pylon
38 TER + Pylon Fixed Pylon
39 450-gal Tank Fixed Pylon
40 600-gal Tank Fixed Pylon
41 MK-10 (Slant 4) Fixed Pylen
: 42 MK-10 (Slant 4) 7.5" Fwd
1 43 MK-10 (Slant 4) 7.5" Fwd Fixed Pylon
3 44 TV Pod (No Stores on Wing)
1 45 BLU-1C/B, w/o Fins (2 on TER) Fixed
§ Pylon E
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DEVELOPMENT OF CORRELATION TECHNTQUES

During che period of the study devoted to the develop-
ment ¢f techniques to correlate the store loads test data,
two major tasks evolved: the selection of pertinent para-
meters on which to perform a correlation, and the selection

nf store -“rrangements among which a correlation could be
made.

A background was first established by reviewing liter-
ature where tasks of a similar nature had already been
attempted. The material contained in References 1 and 2
served as a convenient reference point since most of the
work of recent years concerned with prediction of external
store loads is reviewed in tuese documents. 1In addition, a
paper prepared for the Navyv (Reference 3) was reviewed.
This paper is concerned with a correlation task, similar to
the present task, in which an attempt is made to identify
geometric parameters that could be used to establish a base
for correlation of store aerodynamic loads data on complex
store arrangements along the span of a wing. Such parame-
ters as the side projected area of the total store plus
pylon are utilized along with certain distances to evaluate
the proximity to other stores, the fuselage, and the wing.

This initial survey contributed substantially to the
selection of geometry parameters used in the study. In
fact, the initial steps taken in the empirical correlations
(Section 3.1) were directly influenced by the early investi-
gations discussed above. The selected parameters are de-
fined in Table V along with specific values pertaining to
the airplane configuration. The geometries of the stores
investigated are given in Figures 20 through .

)

3.1 Empirical Analysis

During the initial phase of this part of the studv, a
substantial effort was devoted to the possibilitv of estab-
lishing a correlation of the experimental data threough

omniya 11 2

empirically derived geometryv parameters.
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TABLE V GEOMETRY DEFINITIONS

” S

x’———-——-/&-———}

SA = Side Projected Area

FA = Frontal Area of Weapons + Rack + Pylon
PA = Planform Area of Weapons + Rack + Pylon
FSPD = Fuselage Side to Cy, of Pylon Distance

ARLOAD = b 2/PA

CNPA = Normal Force Coefficient based on PA

‘[ = Overall Length of Load on Pylon (Does Not Include
Pylon)
D = Diameter of Weapon
C = Wing Chord at Pylon Location
AX = Weapon Nose to Wing Leading Edge X-Distance
NFB = Mumber of Front Bombs

FRNOSE = Fineness Ratio of Theoretical Nose on Blunt
Weapons
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. . first attempts were made on the normal force
coefficient, Cy, for the configurations with a cluster of
weapons at a single pylon station, with from one to four
wing pylon stations occupied. The initial studies were
conducted for a 26-degree wing sweep at a Mach number of
0.60 and a wing angle of attack of 26 degrees. The results
are shown in Figure 26. In this figure, the normal force
acting on the store-pylon is non-dimensionalized with re-
spect to store planform area rather than airplane wing pian-
form area as was done when the data were first received from
the wind tunnel. It was logical to assume that the projected
area normal to the vertical velocity vector would be impor-
tant in establishing the magnitude of the normal load. It
was decided that this area would be defined as the projected
area presented on a horizontal plane passing through the
centerline of the weapon cluster. In addition to the pro-
jected area, the fineness ratio or some function of the
ratio of f:iontal area to projected area was felt to be
important basad on surveys of the literature in which methods
of calculating the 1lift effectiveness of bodies of revolu-
tion are surveved (Reference 4). Curves were then faired
through similar groups of data. 1In this case the curves
were faired through a group which had the same bomb at all
tylon stations and in which the outermost pylon station
3 1. ads were measured.

TSR
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fn additional step was taken to establish a shape-

! factor effect on the correlation of the data. This shape
factor was selected as the square of the number of front
bombs divided into the normal load coefficient (CN KNFB) )
: plotted against the same correlating parameter as used in
E the plots of Figure 26. Again a set of curves was faired
through the data for loadings with increasing number of
pylon stations loaded and measurements made on the outer-
most station (Figure 27). The second overlapping set of
curves, represented by the dashed curves, was added. The
lowest set of data, corresponding to the LAU-3A weapons,
was connected to account for fineness ratio of the nose.

5
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In the third and final attempt to increase the number
of configurations which would fall on faired areas, an
additional geometric correlating parameter was employed.
In this third phase of the empirical studies, the aspect
e ratio of the pylon-store configuration was defined and was 3
: multiplied by the value of the normal load coefficient

divided by the shape factor-number of front bombs squared.
This value was then plotted against the term (PA/FA) x FSPD,
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as shown in Figures 28, 29, 30, and 31. The Figure 28 plot
is for an angle of attack of 20 degrees. In Figures 29,
30, and 31, the empirical correlation studies were expanded
to include the full range of angles of attack from +20 to
-5 degrees. Again, curves were faired through data points
for the same weapon mounted at all pylon stations (solid
curve), and an overlapping set of curves was faired through
the data points for different weapons but with the same
number of pylon stations occupied (dashed curves). A visual
inspection of the curves at the different angles of attack
established that the pattern was the same at all angles of

attack, with the pattern rotating as the angle of attack
changed.

A substantial number of data points did not lie on the
curves constructed to this point, but the fact that a pat-
tern of curves was beginning to emerge indicated that if a
sufficient number of geometric parameters could be identi-
fied, correlation of the data for a greater variety of store
configurations could be achieved. It was apparent at this
point that the trial and error method of achieving correla-
tion of data was successful in identifying pertinent first-
order geometric correlating parameters. This method, how-
ever, would need to be automated so that the very large
amount of data available could be processed and the wind
tunnel data could be simultaneously tested against the

number of geometric correlating variables that were obviously
important.

At this point in the program, these initial efforts to

achieve correlation through hand or empirical studies were
essentially stopped.

3.2 Numerical Analysis

As sta