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INTRODUCTION

Recently the AFFDL/Nielsen subsonic store separation
program, Reference 1, has been used to make predictions for
comparisons with flight and wind-tunnel captive store loads
on a MK-83 bomb on an F-4C aircraft. The bomb was mounted
on the bottom station of a triple ejection rack (TER) with
dummy bombs mounted on the two shoulder stations. The com-
parisons are presented in Reference 2 and indicate that
deficiencies may exist in the TER model in the computer

program.

The work documented in this report had two main objec-
tives. The first was to provide a data base which could be
used to determine where deficiencies in the computer program
exist. The second objective was to attempt to identify the
deficiencies by making comparisons of computer program

results with the data.

The test program was conducted in the 4-Foot Transonic
Wind Tunnel (4T) of the Propulsion Wind Tunnel Facility
(PWT) at the Arnold Engineering Development Center (AEDC).
The testing period was November 12 through November 21,
1979. Reference 3 i3 the AEDC document describing the test
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program. The test program was jointly sponsored by the
Naval Weapons Center (NWC) and the Air Force Flight Dynamics
Laboratory (AFFDL/FGC).

During the test program, force and moment data were
obtained using both captive trajectory system (CTS) and
bracket supported store models. Flow-field data were
obtained using a 20° half-angle conical probe. The
testing was performed at Mach numbers from 0.6 to 0.95 and
at angles of attack up to 16°. For all types of testing
the F-4C parent aircraft configuration was built up
component by component in order to isolate interference
effects. The data obtained during the program have been
recorded on magnetic tape and FORTRAN programs have been
written for use in retrieving the data. The tapes and
programs are avalilable upon request from Mr. R. E. Smith,

Code 3243, Naval Weapons Center, China Lake, CA 93555.

The next section of this report will expand further on
the purpose and scope of the test program, describe the test
apparatus, and present the test conditions. This will be
followed by a series of sub-sections, each one devoted to
describing a specific type of data. Information is
presented which will allow the user to determine the AEDC
“run" number for the data in which he is interested. These
numbers are used 1n conjunction with the magnetic tapes and
computer programs toO retrieve the data. Instructions for
doing this are presented and the computer output is

described.

The section of this report following the discussion of
the experimental program presents a discussion of the

experimental results. The compatibility of the captive or

8
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attached loads with the grid loads is discussed. Then
phenomena exhibited by the data during the parent aircraft

build-up sequence are discussed under the hezxdings

(a) Attached loads
(b) Grid loads
(c) Flow fields

The next section of the report presents comparisons
between the « xperimental data and predictions made using the
computer pro _ram of Reference 1. This section will try to
determine limitations of the computer program by comparisons
with the significant effects found experimentally as
discussed in the previous section. The data and theory
comparisons will be used to determine ways of improving the

program.

The last section of the report will present specific
recommendations for computer program modifications which

should improve the accuracy of the program.

WIND-TUNNEL TEST PROGRAM

PURPOSE AND SCOPE OF THE TEST PROGRAM

The purpose of the test program was to provide a system-
atic set of data which could be used in evaluating and
improving the capability of the computer program of

Reference 1 to predict the aerodynamic forces and moments

acting on stores carried in a TER configuration. The
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capability of calculating store forces and moments with the
store in the carriage position is of interest as well as
the capability in the detached position. For this reason
force and moment tests were performed using both bracket
supported and CTS supported force models. 1In order to
calculate analytically the forces and moments acting on a
store, the aircraft induced flow field in which the store
is immersed must be predicted. Flow-field survey data were
taken to provide information on the aircraft induced flow
field.

The scope of the program was to obtain these three types
of data for a range of Mach numbers, 0.6 to 0.95; angles of
attack, -4°© to 16°; and parent aircraft configuratinns. The
parent aircraft used was the F-4C. It was selected because
of the work documented in Reference 2 which initiated this
investigation. The parent aircraft was built up component
by component from a clean F-4C to an F-4C with wing pylons,
fuselage pylon, TER on the inboard wing pylon, and stores on
the shoulder locations of the TER. The store used in the
} , present tests was the Mk-83 bomb used in the work of
' Reference 2. The component by component build up was

per formed so that the effect of each component could be
X determined. For example, the F-4C with inboard left wing
pylon and TER was tested with and without Mk-83 stores on
the shoulder locations. Differences in the data show the

effects of the shoulder stores on the flow field and the

bottom store forces and moments.

10
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TEST APPARATUS

Wind Tunnel

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 and can be set at
discrete Mach numbers of 1.6 and 2.0 by placing nozzle
inserts over the permanent sonic nozzle. The nominal range
of the stagnation pressure is from 400 to 3,400 pounds per
square foot, absolute. The test section is 4 feet square
and 12.5 feet 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 complete

description of the test facility may be found in Reference 4.

Model Support Systems

For this test, two separate and independent support
systems were used. The aircraft model was installed inverted
in the test section and was supported by an offset sting
attached to the main pitch sector. For capuaive loads test-
ing, the store model was mounted on a balance fastened to
the bottom station of the TER on the aircraft model. For
grid aerodynamic loads and flow-field testing the store model
or the flow-field probe was mounted on the captive trajectory
support (CTS). The aircraft model was removed when obtaining
free-stream data, and the CTS was moved upward and down-

stream in the tunnel during the captive loads phase to

11
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minimize interference. Isometric drawings of typical
captive loads, grid survey, and flow-field testing instal-
lations are shown in Figure 1 of Reference 3 along with
block diagrams of the computer control loops. A schematic
showing the test section details and the location of the
models in the tunnel when using the CTS is shown in Figure 2
of that reference. A further description of the CTS rig can

be found in Reference 4.

Parent Aircraft Model Components and Stores

The basic details of the five-percent (1/20th) scale
model of the F-4C are shown in Figure 1. The model is
geometrically similar to the full-scale aircraft except that
the part aft of the engine exhausts has been removed to
minimize CTS interference. This removal does not influence
the results of this test program. The F-4C model has flow-
through engine inlets with subsonic and supersonic exhaust
chokes. The subsonic chokes were used during the test pro-
gram. During part of the captive loads phase of the test
program a total pressure rake, containing 13 total pressure
orifices, was mounted just aft of the right-side engine
exhaust choke. The interior surface of the choke itself was
instrumented with six static pressure orifices. These
pressure measurements were made in order that a
calculation of the ratio of the inlet velocity relative to
the free-stream velocity could be made. This velocity ratio
influences the input data to the computer program of
Reference 1. Details and dimensions of the total pressure
rake and the static pressure instrumentation of the

exhaust choke are shown in Figure 6 of Reference 3.
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FICURE 1. Five-Percent Scale Model of the F-4C Aircraft.
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Details of the F-4C pylons are shown in Figure 2. For
most tests only the left wing inboard pylon was used. All
testing was done under the left wing. Pylons were not

installed on the right wing for any of the tests.

The triple ejector rack (TER) used in the test program
is shown in Figure 3. The TER was used in conjunction with
the left-wing inboard pylon. This rack model simulates sway-

braces and ventilating passages.

The stores which were used are shown in Figure 4. They
are models of the Mk-83 bomb. Figure 4(a) shows the actual
bomb shape and Figure 4(b) shows a model which was modified
for CTS sting support. Models with identical body shapes but
without tail fins were also used. The dummy stores used on
the shoulder locations of the TER were the shape shown in
Figure 4(a). Both finned and unfinned models were used.

Four force models were used during the captive force and
moment tests. Tests were performed with both configurations

shown in Figure 4 with and without tail fins.

TEST CONDITIONS

The Mach number range used in the test program was 0.6
to 0.95. All testing was performed at a nominal Reynolds
number per foot of 3.5x10%. The store angle of attack was
varied from -4° to 16°. Since the store is oriented on the
TER one degree nose down relative to the aircraft reference
waterline (aircraft angle of attack is measured relative to
this line), the aircraft angle of attack varied from -3° to

17°. Nominal values of other tunnel parameters are listed

14
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(c) Center pylon.

FIGURE 2, Details of the Models of the F-4C Pylons.
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(b) Configuration modified for sting support.

FIGURE 4, Mk-83 Bomb Models.
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in the following table as a function of the Mach numbers

used during the tests.

TABLE 1. Nominal Test Conditions.

Mo Pe_ S Te, Rew
psfa psf °R fe-l

0.6 2186 432 549.6 3.5x10°

0.7 1975 489

0.8 1835 539

0.9 1741 584

0.95 1708 604

PARENT AIRCRAFT CONFIGURATIONS

Eight parent aircraft configurations were used during
the test program. They are listed in Table 2. The first
column lists the eight numbers. These numbers will be used
in the next sections of this report which describe the
tests. The remaining eight columns list model components
which could be attached to the parent F-4C. These

components are
P% fuselage centerline pylon
left-wing inboard pylon

left-wing onthoard pylon

18
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TABLE 2. Parent Aircraft Configurations.

cggtjgc. P% P, |Py|T (Sy)y | (S3)y | (80 [ (S3)p
1
2 X
3 X X
4 X X X
5 X X X X
6 X X X X
7 X X X X X X
8 X X X

*
Configuration composed of basic F-4C model with

addition of components indicated in line across
table.

ol
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T TER attached to left-wing inboard pylon

(Sz)u unfinned dummy store attached to outboard

shoulder station on TER

(S3)U unfinned dummy store attached to inboard

shoulder station on TER

(SZ)F finned dummy store attached to outboard
shoulder station on TER with fins vertical

and horizontal

(S3)F finned dummy store attached to inboard
shoulder station on TER with fins vertical

and horizontal

The dummy store numbering system is shown in Figure 5. A
check in a box opposite a configuration number in Table 2
indicates this model component was attached to the clean

F-4C.

CAPTIVE FORCE AND MOMENT TESTS

The captive force and moment phase of the test program
consisted of taking six-component force and moment data on

four different Mk-83 bomb models. The two store shapes

shown in Figure 4 were used with and without tail fins. The
test installation is shown in Figure 6. A strain-gage
balance was installed internally in the store. It was
supported by a bracket protruding from the TER. The balance
leads were run through the TER, pylon, and F-4C. All

testing was done with the force model mounted nn the hottom

20
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station of the TER. The finned stores were always attached
to the balance with the fins rolled 45° from the

vertical and horizontal.

The captive aerodynamic loads data were obtained at
aircraft angles of attack from -3° to 17°, store angles of
attack from -4° to 16°, at zero degrees sideslip angle. All
angle of attack polars were run automaticaly utilizing
online computer facilities to calculate the control commands

to set the aircraft model attitude.

The force and moment data for the store were reduced to
coefficient form using the standard 4T data reduction pro-
grams. The forces and moments are in the store body axis
system with the moments taken about the store center of
gravity location shown in Figure 4. Positive senses of the
forces and moments and the store body axis system are shown
in Figure 7. During the present tests the fins were rolled
45° from the orientation shown in the figure. The estimated
aerodynamic coefficient uncertainties are listed in Table 3.

They are taken from Reference 3.

TABLE 3. Aerodynamic Coefficient Uncertainties.

M CN CY CA Cm Cn C{

0.60 +0.03 +0.03 +0.04 +0.04 +0.03 +0.01
0.70 +0.02 +0.02 +0.04 +0.04 +0.02 £0.01
0.80 +0.02 +0.02 +0.03 +0.03 +0.02 £0.01
0.90 +0.02 +0.02 +0.03 +0.03 +0.02 +0.01
0.95 +0.02 +0.02 +0.03 +0.03 +0.02 +0.01

23
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STORE MOMENT
CENTER (C.G.)

FIGURE 7. Axis System for Store Showing Positive
Sense of Axes, Forces and Moments, and Velocities.
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During the first part of the captive loads phase the 13
pressures measured by the total pressure rake just aft of

the right-side engine exhaust choke and the six static

pressures measured inside the choke were recorded. These
pressures were used to calculate the engine duct exit Mach
number, exit mass flow rate, capture ratio (exit mass flow
rate divided by theoretical (reference) inlet mass flow
rate), and exit velocity divided by free-stream velocity.
The following procedure was used to calculate these
guantities. The average static pressure, p, was calculated
as was the average total pressure, p,. The ratio ﬁ/ﬁt was
determined. If this ratio was greater than 0.5283, the exit

flow was subsonic and the exit Mach number was calculated

from

1/2

=12
P /7

Moo= {s||= -1 (1)
P

For all tests performed during this test program the flow
was subsonic although provision was made in the data
reduction program to handle supersonic exit flows,

B/P, < 0.5283.

With the exit Mach number, M determined, the exit

e'
mass flow is calculated,

_— 2. =3
m_ = ptMeAe(l + 0.2M)) [

1/2
0.8843] (2)

Ty

oo
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the capture ratio is calculated,

(3)
Ty

o]

1/2
. 2,-3{0.8843
CR = me/ pthooAi (1 + 0. ZM‘») [———]

as is the ratio of exit velocity to free-stream velocity.

172
V. M_ |1+ 0.2M
Vo o Moo |14 o.zmi

In Eguation (2) the cross sectional area of the duct

exit, A_, used was 7.4662x10”3 square feet, model scale. The

e'

inlet area, A appears in Equation (3). 1In the data reduc-

tion a value ;f l.705><10"2 square feet, model scale, was used.
This value was provided to AEDC by McDonald Douglas and is
the value they use. The cross-sectional area of the inlet
opening on the wind-tunnel model was 1.1x1072 square feet,

model scale.

Summary of Tests

The captive loads tests are summarized in Table 4.
Column 1 lists the parent aircraft configuration number from

Table 2. Column 2 lists the store force and moirent model

26
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TABLE 4. Captive Force and Moment Tests.

CONFIG.| FORCE| M %g %s ra AEDC

MODEL INITIAL| FINAL s RUN NO.
DEG. DEG. DEG.

-4 16 2 86
87
88

81
82
83
77

78

91

92

l -
97,104,174
98,105%,170"
99,106%,171"
100,107F,172%
101,108%,173"
111

112

129

130

21,126%
122,125%

141

142

143

136

137

146
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2z
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w
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w

(%]
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w

wlun m-$

o
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See footnote at end of table.
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TABLE 4. (Contd.)

CONFIG.| FORCE | M_ “s *s ra AEDC
NO. MODEL INITIAL| FINAL s RUN NO.
DEG. | DEG. | DEG.

6 Smu_ | 0.6 -4 16 2 53

6 0.95 154

5 0.6 164

5 0.95 165

3 0.6 160

3 0.95 Y * 161

‘ +Repeat with total pressure rake aft of right engine exhaust
¢ removed.

i *Repeat with pressure rake removed and hole in TER station
no. 1 pylon filled.
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attached to the parent aircraft at TER station no. 1. The

store model designations are

SAF Mk-83 actual configuration force model with
tail fins (see Figure 4(a))
SAU same as Spp but without tail fins ’
SMF Mk-83 modified configuration force model with
tail fins (see Figure 4(b))
Smu same as Syp but without tail fins

The third column lists the free-stream Mach number, M, and
the next three columns list the initial store angle of
attack, the final store angle of attack, and the increment
in angle of attack. The parent aircraft angle of attack,
measured relative to waterline, WL, zero shown in Figure 1

is one degree greater than the store angle of attack.

. The last column lists the AEDC run number for the data
! obtained for that particular configuration and Mach number.
This column provides input data for the data retrieval

" computer program.

Some explanation of the two footnotes on the table is
required. During run numbers 86 through 101, the total

pressure rake just aft of the right-side engine exhaust

I
. RS

was present. The runs marked with the superscript + were
made with the rake removed to determine the effect of the
4 . rake on the store forces and moments. The rake was found
sl not to effect the forces and moments. It was also deter-

mined as the testing progressed that for runs 86 through

4
! 29
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122 a small screw hole in the leading edge of the TER
station number 1 pylon was not filled with putty or wax.
It was filled and the runs with the superscript * were
made to determine the effect. It was found that the dif-
ferences in the forces and moments with and without the
hole filled were within the data uncertainties listed in
Table 3.

Use of Data Retrieval Computer Program

The captive loads force and moment data are all
written on the first file of a magnetic tape. The second
file on the tape contains the CTS or grid force and moment
data to be described in the next section of this report.
A computer program has been written which allows the
captive loads data for run numbers listed in Table 4 to
be retrieved from the tape and tabulated. To retrieve
these data the force and moment data tape must be positioned

at the beginning of the first file.

A listing of the computer program is presented in
Appendix A. The first card of input is in a 3A4 format
and contains the word "CAPTIVE" beginning in column 1.
This is used to compare with a header on the tape to
assure that the correct tape is mounted and that it is
positioned at the correct file. The second input card in
an 15 format specifies the number of run numbers of data
to be retrieved. The specific run numbers from Table 4
are input on the next cards, eight to a card in 8F10.0
format. The run numbers can be in any order. The com-
puter program sorts them into numerical sequence before

searching the tape.
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Description of Tabulated Data

There is one page of output for each run number of data.
A sample is shown in Figure 8. The first line of output
identifies the type of data, in this case captive loads; the
AEDC report number documenting this test (Reference 3); and
the ARO project number and test number. The next two lines
list the run number, parent aircraft configuration, and
store model. The following four lines of output list the
free-stream test conditions. The remainder of the page
tabulates the data obtained. When the last four columns are
equal to 0.000, the total pressure rake just aft of the

right-side engine exhaust was not used.

The nomenclature used in the tabulated output is con-

tained in the following list.
ALPHA PAR angle of attack of the parent aircraft, deg.
ALPHA STORE angle of attack of the store, deg.

BETA STORE sideslip angle of the store, positive
nose to the right, deg.

CAT store axial-force coefficient uncorrected for

base pressure, axial force/!2 S)

CLL store rolling-moment coefficient, rclling

moment/{(Q S L)

CLM store pitching-moment coefficient, pitching
moment/(Q S L)
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CLN
moment/(Q S L)
CN
force/(Q S)
CR
CcY
force/(Q S)
L
MACH NO free-stream Mach number
MDOTN
Equation (2), lun/sec
MNE duct exit Mach number
NCP
p
PT
Q
RE/FT

store yvawing-moment coefficient, yawing

store normal-force coefficient, normal

capture ratio calculated using Equation (3)

store side-force coefficient, side

reference length used in computing moment

coefficients, 0.7 inch model scale

duct exit mass-flow rate calculated using

normal-force center-cf-pressure location,
CLM/CN; store diameters, L, from the
center of gravity, positive ahead
free-stream static pressure, ,olu
free-stream total pressure, psfa

free-stream dynamic pressure, psf

free-stream Reynolds number per foot, fe-1
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S reference area used in computing force and

moment coefficients, 0.385 square inches model

scale
T free-stream static temperature, ORrR
TT free-stream total temperature, ORrR
\Y free-stream velocity, ft/sec
VR ratio of engine exit velocity to free-stream

velocity calculated using Equation (4)

YCP side-force center-of-pressure location,
CLN/CY; store diameters, L, from the

center of gravity, positive ahead

GRID FORCE AND MOMENT TESTS

The grid force and moment phase of the test program
consisted of taking six-component force and moment data on
two different Mk-83 bomb models. The store shape shown in
Figure 4(b) was used with and without tail fins. A sketch
of the test installation is shown in Figure 9. The purend
aircraft is mounted on tne main pitch sector and the store
is mounted on an internal balance. A sting protruding from
the base of the store attaches the store and balance tc the
CTS. The finned store was always attached to the balance

with the fins rolled 45° from the vertical and horizontal.

This is the zero degree, ¢g = 0°, rol11l Arientation of

the store.
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Sketch of Grid Force and Moment

Phase Test Installation.
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Grid force and moment data were obtained at aircraft
angles of attack from 1° to 179, store angles of attack from
0° to 169, at zero degrees sideslip angle. Testing was
accomplished by placing the aircraft at a particular angle
of attack. The store was then placed as close as possible
to the carriage position at TER station number 1. Data were
taken at a series of points as the store was moved away from

this position parallel to itself.

Free-stream data were obtained on each of the two

stores, alone. For these tests the parent aircraft model
was removed and data were taken for store angles of attack
from -4° to 16°.

through a roll angle range of 0° to 90° in 22.5° increments.

Data were obtained on the finned store

The force and moment data for the store were reduced to

coefficient form using the standard 4T data reduction pro-

The forces and moments are in the store body axis

grams.

system and the moments are taken about the store center of

gravity location shown in Figure 4. Positive senses of the

forces and moments are shown in Figure 7. As the store was

rolled during the free-stream tests, the store X,Y,Z
coordinate system rolled with the store. The aerodynamic

coefficient uncertainties are listed in Table 3. They are

taken from Reference 3.

Summary of Tests

free-stream tests are summarized in Table 5.
The

The store
Column 1 lists the store force model. store model

designations are

36
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TABLE 5. Store Free-Stream Force
and Moment Tests.

Og Gg

ﬁgggi M, %s  linrrzan| FINaL | 2% AEDC
DEG. DEG. DEG. DEG. | RUN NO.

SMF 0.6 0.0 -4 16 2 12

22.5 13

45.0 14

67.5 15

Y 90.0 16

0.7 0.0 17

22.5 18

45.0 19

67.5 20

* 90.0 21

0.8 0.0 22

22.5 23

45.0 24
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SMF Mk-83 modified configuration force model
with tail fins (see Figure 4(b))
Smu same as Syp but without tail fins

The second column gives the free-stream Mach number, M.
and the third column the store roll angle, ¢s. Positive
roll is clockwise when viewed from the rear. The next
three columns list the initial store angle of attack, the
final store angle of attack, and the increment in angle

of attack. The last column presents the AEDC run number
for the data obtained for that particular Mach number, roll
angle combination. This column provides input data for the

data retrieval computer program.

Table 6 summarizes the grid force and moment tests with a
parent aircraft present. Column 1 lists the parent aircraft
configuration number from Table 2. Column 2 indicates which
of the two force models was mounted on the balance. The
free-stream Mach number, M_, is listed in column 3 and the
store angle of attack, Qg in column 4. The parent aircraft
angle of attack measured with respect to waterline, WL, zero
shown in Figure 1 is one degree greater than the store angle
of attack. The fifth column indicates which ZS/D schedule
was used for that particular run. D is the store maximum
diameter, 0.7 inch model scale. The origin of the X, Yg,
Zg coordinate system is shown in Figure 5 and is located at
the tip of the store nose when the store is in the carriage
position on the bottom station of the TER. The two 2./D
schedules are shown in the last two columns of the first
page of Table 6. The value of ZS/D = 0.0 could not be

obtained since this would result in the store's touching the

38
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TABLE 6. Grid Force and Moment Tests.

CONFIG. | FORCE M
NO. MODEL

Q

ZS/D AEDC Z_ /D SCHDS.
| scup. | RUN NO.

8
o
o)
Qw

ZA ZB

zZA 343
344
345
346
347
352
351
350
349
348
338
339
Y 340
ZB 300
301
302
303
304
310
309
308
307
305
311
312
313
314
315,
249,327
250
251
254
255
258,328
257
256
260,329
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See footnote at end of table.
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(Contd.)

CONFIG.
NO.

FORCE
MODEL

DEG.

Zs/D
SCHD.

AEDC
RUN NO.

ZS/D SCHDS.

ZA ZB
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MF
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ZB

263
264
279,331
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*
280,334

275
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292
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295
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319
320
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219
220
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229
225
224
240
241
242

(see lst
page of
table)

See footnote at end of table.
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TABLE 6. (Contd.)

CONFIG. [ FORCE | M_ o z /D AEDC z_ /D SCHDS.
NO. MODEL RUN .
DEG. | SCHD. NO A 2B
6 Syy  0-95 0 ZB 245 (see 1st
4 244 page of
+ + 8 243 table)
3 0.6 0 232
4 233
8 234
0.95 0 237
4 236
# * 8 % 235

*
Repeat with TER station number 1 sway braces
removed.
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parent aircraft. The first value of Zs/D was usually
between 0.05 and 0.10.

Column 6 of Table 6 lists the AEDC run number for the
data obtained for that particular parent aircraft configura-
tion, Mach number, and angle of attack. This column

provides input data for the data retrieval computer program.

Use of Data Retrieval Computer Program

The grid force and moment data are all written on the
second file of a magnetic tape. The first file on the tape
contains the captive loads data which were previously
described. A computer program has been written which allows
the grid data for run numbers listed in Tables 5 and 6 to be
retrieved from the tape and tabulated. To retrieve these
data the force and moment data tape must be positioned at

the beginning of the second file.

A listing of the computer program is presented in
Appendix B. The first card of input is in a 3A4 format and
contains the word "GRID" beginning in column 1. This is
used to compare with a header on the tape to assure that the
correct tape is mounted and that it is positioned at the
correct file. The second input card in an 15 format
specifies the number of run numbers of data to be retrieved.
The specific run numbers from Tables 5 and 6 are input on
the next cards, eight to a card in 8F10.0 format. The run
numbers can be in any order. The computer program sorts

them into numerical sequence before searching the tape.
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Description of Tabulated Data

There is one page of output for each run number of data.
A sample is shown in Figure 10. The first line of output
identifies the type of data, in this case grid force data;
the AEDC report number documenting this test (Reference 3);
and the ARO project number and test number. The next two
lines list the run number, parent aircraft configuration,
and store model. The following four lines of output list
the free-stream test conditions. The remainder of the page

tabulates the data obtained.

The nomenclature used in the tabulated output is con-

tained in the following 1list.

ALPHA PAR angle of attack of the parent aircraft, deg.

ALPHA STORE angle of attack of the store, deg.

BETA STORE sideslip angle of the store, positive nose
to the right, deg.

CAT store axial-force coefficient uncorrected for

base pressure, axial force/(Q S)

CLL store rolling-moment coefficient, rolling

moment/(Q S L)

CLM store pitching-moment coefficient, pitching
moment/(Q S L)

N store normal-force coefficient, normal

force/(Q 8)
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store side-force coefficient, side force/(Q S)

store roll angle, positive clockwise looking

upstream, deg.
store total angle of attack, angle between
store longitudinal axis and the free-stream

velocity vector, deg.

reference length used in computing moment

coefficients, 0.7 inch model scale
free-stream Mach number

normal-force center-of-pressure location,
CLM/CN: store diameters, L, from the
center of gravity, positive ahead
free-stream static pressure, psfa
free-stream total pressure, psfa
free~-stream dynamic pressure, psf
free-stream Reynolds number per foot, fe~1
reference area used in computing (orce and
moment coefficients, 0.385 square inches model
scale

free-stream static temperature, °R

free-stream total temperature, ©R
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FLOW-FIELD SURVEY TESTS

The flow-field survey phase of the test program con-

sisted
parent
occupy

degree

tests are shown in Figure 11. The test installation is

similar to that shown in Figure 9 for the grid force and

moment

rather

equally spaced static pressure orifices on the cone surface

and a total pressure orifice at the cone apex.

Flow-field data were taken at aircraft angles of attack

from 1° to 17°. The probe angle of attack was kept the same

NVIC TP 6210

free-stream velocity, ft/sec

Xs—coordinate of the store nose in the xs, Ys'

Z, coordinate system of Figure 5, in.

side-force center-of-pressure location,
CLN/CY; store diameters, L, from the

center of gravity, positive ahead

Ys—coordinate of the store nose in the Xs, Ys'

Zg coordinate system of Figure 5, in.

Zg -coordinate of the store nose divided by the

store maximum diameter (0.7 in) in the Xgr Ygo

Z, coordinate system of Figure 5

of measuring the flow field in the region beneath the
aircraft which the bottom store on the TER would
in and near the carriage position. Details of the 20

half-angle conically tipped probe used during the

tests except that the probe is mounted on the CTS

than the balance and force model. The prrobe has four
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as the bottom store on the TER, that is, one degree less
than the parent aircraft. The origin of the probe
coordinate system is the Xp, Yp, Zp system shown in Figure
5. The probe longitudinal axis and the Xp axis are

parallel.

Data were obtained by making axial traverses at a series
of Yp, ZP positions. These locations are shown in the

following sketch by the crosses.

—~
/ \
TRAVERSE
LOCATION * Ip
\ // 0.35
N
X X X 0.70
4% Sy
Zp

The dashed circle represents the Mk-83 bomb in the carriage
position on the TER. The Xp range for most of the traverses
was from Xp = -0.15 inch to Xp = -5.85 inches, approximately
the length of the Mk-83 model. For two of the traverses,

Yp = 0.0 and Zp
-8.85 inches.

0.0 and 0.70, the range was extended to
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Standard 4T data reduction programs were used to calcu-
late the local velocity components and flow angles. These
programs used the five probe pressures and probe calibration
data. At the beginning of this phase of the testing,
sufficient probe calibration data were taken to verify the
validity of the previous calibrations. The estimated
accuracy in the calculated local angles of attack and

sideslip, from Reference 3, is +0.25°.

Summary of Tests

The flow-field survey tests are summarized in Table 7.
Column 1 lists the parent aircraft configuration number from
Table 2. The free-stream Mach number, M., is in column 2

and the probe angle of attack, o in column 3. The fourth

.
column indicates the Xp schedulepwhich was used for the
traverse. These two schedules are shown at the bottom of
each page of the table. The probe angle of attack listed in
the third column is one degree less than the parent aircraft
angle of attack, measured with respect to waterline, WL,

zero shown in Figure 1.

The remainder of Table 7 lists the AEDC run numbers for
the data obtained for a particular parent aircraft
configuration, Mach number, probe angle of attack, and probe
position. The Xp, Yp, Zp coordinate system origin is shown
in Figure 5. Blanks in the table indicate that no data were

taken. The run numbers provide input data for the data

retrieval computer program.
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Use of Data Retrieval Computer Program

The flow-field data are all contained in one file on a
magnetic tape. A computer program has been written which
allows the flow-field data for run numbers listed in Table 7
to be retrieved from the tape and tabulated. A listing of
the computer program is presented in Appendix C. The first
card of input is in a 3A4 format and contains the word
"FLOW" beginning in column 1. This is used to compare with
a header on the tape to assure that the correct tape is
mounted. The second input card in an I5 format specifies
the number of run numbers of data, < 100, to be retrieved.
The specific run numbers from Table 7 are input on the next
cards, eight to a card in 8F10.0 format. The run numbers
can be in any order. The computer program sorts them into

numerical sequence before searching the tape.

Description of Tabulated Data

There is one page of output for each run number of data.
A sample is shown in Figure 12. The first line of output
identifies the type of data, in this case flow field; the
AEDC report number documenting this test (Reference 3):; and
the ARO project number and test number. The next two lines
list the run number and parent aircraft configuration. The
following four lines of output list the free-stream test
conditions. The next four lines show the angles of attack
of the parent aircraft and the probe. The remainder of the
page tabulates the probe position, in the coordinate system

of Fiqure 5, and the quantitics calculated from the probe

measurements.
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The nomenclature used in the tabulated output is

contained in the following list.

ALP

ALPHA PAR

ALPHA PROBE

ALPT

MACH NO

ML

PHI

PT

PTP/PT

local angle of attack as seen by the probe;
angle between the velocity component in the Xp,
Zp plane and that in the Xp direction, deg.;
positive for positive VZ

angle of attack of the parent aircraft, deg.
angle of attack of the probe, deg.

total angle of attack as seen by the probe,
angle between probe longitudinal axis and the
local total velocity vector, deg.

free-stream Mach number

local Mach number in the flow field
free-stream static pressure, psfa

angle between the velocity component in the
probe Y,, Zp plane and the negative Zp axis,
Jdeg.; positive clockwise viewed from the rear

free-stream total pressure, psfa

ratio of local total pressure to free-stream

total pressure

free-stream dynamic pressure, psf
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ratio of local dynamic pressure to free-stream

dynamic pressure
free-stream Reynolds number per foot, ge~ L

local sidewash angle as seen by the probe;
angle between the velocity component in the Xp,
Yp plane and that in the negative X, direction,

deg.; positive for positive VY
free-stream static temperature, °©R
free-stream total temperature, ©RrR
free-stream velocity, ft/sec

total local velocity divided by the free-stream

velocity

local Xp velocity component, positive in the
negative Xp direction, divided by the free-

stream velocity

local Yp velocity component, positive in the
positive Yp direction, divided by the free-

stream velocity

local %p velocity component, positive in the
negative Z, direction, divided by the free-

stream velocity
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XP position of the probe static pressure orifices
in the Xp direction in the Xp: Yp, Zp coordi-

nate system of Figure 5, in.

YP position of the probe longitudinal axis in the
YP direction in the XP' YP' ZP coordinate

system of Figure 5, in.

ZP position of the probe longitudinal axis in the
ZP direction in the XP' Yp, ZP coordinate

system of Figure 5, in.

DISCUSSION OF ATTACHED LOADS

INTRODUCTORY REMARKS

A significant problem in store loads 1is whether a sting-
supported store will yield the attached store loads (forces
and moments) as it approaches the attached-store position as
d close as possible under practical testing conditions without

making contact with the rack. 1In fact, the nature of the
N interference forces on the store for small gaps between store
and rack 1s not well understood. The purpose of this and the
next section is to elucidate the nature of these loads as

revealed by the present measurements.

Our knowledge of the loads on a store 1n close proximity
to the attached position is not extensive, but light has
¢ beenn shed on this subject by the tests of Dix in Refer=nce

i 5. The tests were of Mk~R3 bhombs on A TFR racl mennted on a
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model of an F-4C airplane and included both attached loads

and

sant

loads on a sting-supported bomb. His results are pre-

ed for oy = 0° and do not include parent aircraft

component build-up results. For the bottom store, the

shoulder stores were present; for the shoulder store, the

opposite shoulder store was present. His data show that the

capt

ive loads cannot be obtained by extrapolating CTS data

to zero Z/D in general. For some coefficients (CLM, CA,

CLN)
cYy).

, such extrapolation was better than for others (CN,

Large changes occurred for Z/D < 0.2 which could not

be measured with the CTS system because of limitation in

accu

made
cont
in t

take

reln

racy of positioning the store.

In this investigation a more extensive investigation was

of the problem, and the effects of angle of attack and

iguration build-up were measured. Also flow-field data
he vicinity of the attached bottom store position were
n.

Before dilscussing the load measurements, we will show the

tionshlj: between the attached and grid loads.

RELATIONSHIP BETWEEN ATTACHED AND GRID LOADS

Stores SMF and SMU are the ones tested both on

the att rched=loads baltance and the CTs sting supported
balance. Data for store Syp in combination with
confiaquration 3 of Table 2 (F4-C, inboard pylton, TER) are
shown i1n Figure 13. In Figure 13(a) the normal-force
coeffiroient 1s shown versus Zp/D for five angles of
attack wt M_ = 0.6. The sting data extend down to

ZP/D = ,07. There 1s a larqge change 1n CN 11 the ranae
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0.8 | I T | |
GRID LOADS ATTACHED LOADS
ug Run ag Run
8 16° 304 16° 141
0.7 12”7 303 12° 141 ]
O 87 302 8° 141
4 301 4° 141
& 0° K 0° 141

}
)
/
-0.1% 1 J l 1 d .
0 0.1 0,2 0.3 0.4 0.5 0.6
STORE VERTICAL POSITION, ZP/D
(a) Normal-force coefficient. )
FIGURE 13,

Comparison of Attached and Grid Loads for Store

SMr in Combination with Configuration 3 at M_ = 0.6.

60




NWC TP 6210

0 F T T I T
o]
-0.4 |- 47 -
4 8°
{ i 12°
-0.8 —
16°
CcY
—1.27 —
—1,6AP ]
L -2.0 ! 1 ] |
0 0.1 0.2 0.3 0.4 0.5

STORE VERTICAL POSITION, ZP/D

(b) Side-force coefficient.

FIGURE 13. Continued.
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-0.6 | | | |
N 0 0.1 0.2 0.3 0.4 0.5
\ STORE VERTICAL POSITION, Zp/D

| (c) Pitching-moment coefficient.

!

*‘} FIGURE 13, Continued.
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| ! l -

0.1 0.2 0.3 0.4
STORE VERTICAL POSITION, ZP/D
(d) Yawing-moment coefficient.

FIGURE 13. Continued.
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0 < Zp/D < .07 as indicated by the attached-store data
which cannot be reproduced by extrapolating the sting

results to zero gap. This range of ZP/D, representing
only 0.05 in. model scale, produces surprisingly large

interference forces which increase with angle of attack.

Examination of the other parts of Figure 13 for the
other coefficients shows that, with the possible exception
of side-force coefficient, extrapolation of the stiﬁg data
to Zp = 0 is not accurate. The question naturally
arises whether the attached loads are accurately measured.
Subsequent data will verify their repeatability. It is our
belief based on the overall consistency of the data as well

as the results of Dix that the attached loads are valid.

The question arises whether the above phenomena are also
valid at high Mach numbers. Curves similar to those of
Figure 13 are presented in Figure 14 for store Syy in
combination with configuration 3 at M_ = 0.95. The same
general behavior is seen as previously. In Figure 15, the
normal-force coefficients are shown for three Mach numpers
for store Syp in combination with configuration 3.

These effects of Mach number on the behavior for ZP/D < .07
are small. It appears that both the sting and attached
load data are repeatable, and that the strong interference

is not Mach number dependent.

There are adequate data to illustrate a number of
effects on the way the loads of the attached bottom store
vary with angle of attack. The effects of the following
variables on these attached store loads will now be

illustrated.
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1 | 1 i

0.1 0.2 0.3 0.4
STORE VERTICAL POSITION, ZP/D

(b) Side-force coefficient.

FIGURE 14, Continued.
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1 |
o
_0 —0 O
0.2 =
C—{ a N 40
CLM c
O A A i i
-0.2 ]
80
-0.6 | 1 | |
0 0.1 0.2 0.3 0.4 0.5

STORE VERTICAL POSITION, Zp/D

(c) Pitching-moment coefficient.

FIGURE 14. Continued.
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H 0 T T T T
-0.1 -
—
1
-0.7 i ! 1 [
0 0.1 0.2 0.3 0.4 0.5

STORE VERTICAL POSITION, ZP/D

(d) Yawing-moment coefficient.

FIGURE 14. Concluded,

69




T e AR BV A A a1 Y et

‘¢ uot3eanbryuod Y3 TM uotjeurquod ut IWg s31035 103 Sspeoqg
PTID pue poayde3lly U0 ISQqUMN YOeW JO 3093 ‘ST FUNOIL

o0 = Sp  (e)

Q\&N ‘NOILISOd TVYOILJIA TJOLS

L0 970 S°0 0 £°0 A T°0 0
_ T T T T T
- Nzoo0-
3 © .
%) _Hu .
& - | S
v O
g - 8 dz0-0
I Q O
O .
O .
™ % - $0°0
T evT s6°00 1€ $6°0 O 7
Zvl 800 0T€E 8°0 O Hmw@ .
- IVT 9°'0 O 00E 9°0 O g 900
| Nn¥ W N *W _
SAVOT GaHovLIv  SAVOo1 ardad
| | | | | 1 80°0
T L TETTTY O o T -




~y

NWC TP 6210

‘pepnIouo) ST JWNDIL -

b = o ()

a/9z ‘NOILISOd TYOIINAA FWOLS
9°0 S0 v°0 £°0 z°0 1°0

T i T T T T

0X0:

<10~

+0T°0-

(80 °0-

90°0-

¥o°'0-

¢o°o-

¢0°0

¥0°0

90°0

80°0

71




NWC TP 6210

(a) Configuration (other than bottom store)
(b) Mach number

(c) Effect of adding fins to shoulder stores
(d) Effect of number of shoulder stores

(e) Effect of bottom store configuration

EFFECT OF CONFIGURATION

Attached store loads (forces and moments) were measured
on four different bottom store configurations for
configurations 3, 4, 5, 6, and 8. The variations of loads
for store Spp at M, = 0.6 with angle of attack are shown
in Figure 16 for the above five configurations. Figure
16(a) shows that at angles of attack between -4° and
+8°, configuration 3 yields the least normal force
(positive upward). Configurations 4 and 8, which only have
one shoulder store, yield more normal £force; and
configurations 5 and 6, with two shoulder stores, yield the
largest normal forces. What is of particular interest is
that the addition of fins to the shoulder stores has a small
effect on normal force. Also at angles of attack above
8°, the effects of configuration differences are much

less than at lower angles of attack.

The side-force variation with ag ghown in Figure 16(b)
shows that the side force is relatively insensitive to
configuration especially f»nr angles of attack less than 8°.
Positive side force is directed towards the fuselage from

the left-wing inboard pylon.

Pitching-moment coefficients shown in Figure 16(c) are

generally nose down. For angles of attack less than about
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6°, the effect of configuration on the magnitude of the
pitching-moment coefficient is similar to its effect on
normal force. However in the range above 6° to 8°,
configurations 5 and 6 have smaller pitching moments than
configurations 4 and 8. Again adding fins to the shoulder

stores causes negligible effect.

The yawing-moment coefficient is slightly nonlinear with
ag from -4° to 16° and is positive. There are significant
differences due to configuration changes, but the addition

of fins to the shoulder store has a negligible effect.

The rolling-moment coefficients in Figure 16(e) are
positive, nonlinear, and have maxima around 6° to 8°. The
configuration effects are significant. The addition of the
fins to the shoulder stores causes a significant effect in

the higher angle range.

The same kind of data as Figure 16 for M = 0.95 show

the same general qualitative effects.

EFFECT OF MACH NUMBER

A set of curves for the loads on SAF for
configuration 6 at M, = 0.6, 0.7, 0.8, 0.9 and 0.95 in
Figure 17 shows that Mach number has its largest effect on

normal force. Mach number effects on the rest of the

coefficients are not large.
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EFFECT OF ADDING FINS TO SHOULDER STORES

The effect of adding fins to the shoulder stores on the
bottom store loads is seen by comparing results for |
configurations 4 and 8 or configurations 5 and 6 (latter
case corresponding to flight). The loads on store Spp
are shown in Figure 18 for M_ = 0.6 for configurations 5 and
6. The data show negligible effect of adding the fins to
the stores except for rolling-moment coefficient and for
pitching-moment coefficient at high angle of attack. At M,
= 0.95 the same kind of results show negligible effect of
adding fins to the shoulder stores except on CN and CLN at

negative angles of attack, and on rolling moment.

EFFECT OF NUMBER OF SHOULDER STORES

By comparing store loads for configurations 4 and 5 or 6
and 8, the effect of the number of shoulder stores on the
bottom store loads can be determined. Figure 19 presents
the loads on Spp at M_ = 0.6 for configurations 4 and 5.

The addition of a second shoulder store has the effect of
increasing normal-force coefficient at low angles of attack
and decreasing it at high angles of attack with
correspolkding changes in the pitching-moment coefficient.
While the additicn of the second shoulder store has a small
effect on side-force coefficient except at negative angle of
attack, it does have a significant effect on yawing-moment

coefficient. Rolling-moment coefficient is also changed.

At M_ = 0.95 the data exhibit the same qualitative

effects as at M = 0.6.
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EFFECT OF BOTTOM STORE CONFIGURATION

It is of interest to know how the four stores tested,
SAF' Saur SmF and Smy» vary in their attached loads. Such
results for M, = 0.6 are shown in Figure 20 for the stores
attached to configuration 6. The stores are all different
with respect to normal-force and pitching-moment
characteristics. With regard to side-force and
yawing-moment coefficients, the finned stores are nearly the
same and the unfinned stores are also nearly the same.
Significant difference exist between the finned stores with
regard to rolling-moment coefficient. The measured rolling
moments for the unfinned stores are an indication of the

accuracy of the measurements.

DISCUSSION OF GRID LOADS

CONFIGURATION EFFECTS AT g = 0°

The grid loads on the bottom store as it moves downward
from close proximity to the rack are influenced by angle of
attack, configuration, Mach number, addition of fins to the
shoulder stores, and the number of shoulder stores. Figure
21 shows the loads on store Syp at M = 0.6 as
influenced by configuration and store vertical position.
Only the first 1.25 diameter of store vertical position are

shown.

Examination of the normal-force results shows the least

normal force for configuration 2 with a small positive
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increment due to addition of the TER. Addition of one

shoulder store contributes positive increments about twice
those due to the TER. Addition of the other shoulder store
adds an even larger positive increment to the normal force.
Addition of the fins to the shoulder stores adds further
small positive increments in normal force. We conclude that
the addition of the shoulder stores are most important,
followed by the addition of the TER, and finally the

addition of the fins to the shoulder stores.

The side-force results in Figure 21(b) show that the
largest effects of configuration occur at small ZP/D.

The effect of adding the second shoulder store is to i

™

almost cancel the increment due to adding the first.
The effect of adding fins to the shoulder stores is again

fairly small.

The pitching-moment results show the same qualitative
effects as the normal-force results. The yawing-moment
results show large configuration effects at small ZP/D
(on an expanded scale) and small effects at large ZP/D.

The store alone has a rolling-moment coefficient of .037 at

' ag = NO because of fin cant. Additional rolling moments of

N about the same magnitude can be developed at small ZP/D
because of configurational differences. At these small

} values of ZP/D increments in CLL as large as 0.01 can be

developed by the addition of fins to the shoulder stores.

v The store alone has rolling-moment coefficients in the range
L of .026-.037 at ¢_ = 0° and .026-.040 at ¢_= 22.5°

for 0° Lag < 8° principally by virtue of the cant

of the tail fins. (Note that ¢ = 0° corresponds to the

' X tall roll orientation.)
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CONFIGURATION EFFECTS AT ag = 8°

Figure 22 shows the same kind of data as in Figure 21
except for o = 8° instead of ag = 0°. The results
of Figure 22(a) show that the normal-force coefficient
increases as the bottom store moves away from the rack
rather than remains constant or decreases as at ag, = 0°.
Also the addition of the outboard shoulder store to
configuration 3 now reduces the normal force rather than
increases it. The effect of adding the fins to the shoulder
store affects the bottom store normal force only for small

values of ZP/D.

The side-force coefficients of Figure 22(b) are much
higher than those of Figure 22(a), and the effects of
configuration changes are generally much less. There is not

much qualitative difference in the pitching-moment i

coefficient behavior at uy = 8°, Figure 22(c), from that
at us = 0°, For the yawing-moment coefficient, lower ;
values prevail at ag = 89, Figure 22(d), than at ag = i
0°, with some qualitative differences in behavior. The i
peak rolling-moment coefficients at b = 8° do not
exceed those at u_ = 0° by much.

With regard to the effect of adding fins to the shoulder
stores on the results, compare configurations 5 and 6 1n
Figure 22. Adding the fins generally causes a small but

significant effect at small values of Zp/D. The offect
is usually much smaller than that Jue to adding tne shoulder

stores to the rack.
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EFFECT OF MACH NUMBER

The effects of Mach number on the grid loads of bottom

store Syp are shown in Figure 23 for configuration 6 at

0°. The effects of Mach number on normal-force

o
S

coefficient are not large for M_ = 0.6-0.8, for the entire

{ range of ZP/D. At low values of this parameter, the spread
f between the M_ = 0.6 and 0.95 data becomes fairly significant.
v This result also is true of the attached load data seen in

Figure 17(a) for the same test conditions but for store Spp.

The side-force results of Figure 23(b) show small
effects of Mach number for all values of ZP/D, when the
expanded scale on the figure is taken into consideration.
The pitching-moment results of Figure 23(c) show a
systematic effect of Mach number. The data on yawing moment
show little effect of Mach number at high values of
ZP/D, but at low values the data for M_ = 0.6, 0.7, and

0.8 form one trend and those for 0.9 and 0.95 another trend.
The rolling moment data all show the same trend with

ZP/D with secondary variations due to M_.

' It is of interest to contrast the effect of Mach number
on the loads at ag = 8° shown in Figure 24 with those at

ag = 0° shown in Figure 23. The effects of M, at ag =

' 8° on normal-force coefficient are about the same

magnitude as they are at ag = 0°. The effects of Mach
number on side-force coefficient at ag = 8° are
proportionally about the same as at ag = 0°, but the
increments are much larger since the side-force coefficients

are much larger.
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A systematic effect of M_ on the pitching-moment
coefficient is manifest at a_ = 8° just as at ag =
0° but the qualitative effect of Zp/D is different
in the two cases. The yawing-moment qualitative variation
with 2p/D is quite different at ag = 8° than at ag =
0°. The effects of M_ on the data are least for M, =
0.6-0.8 and larger for M, = 0.8-0.95. As at as = 0°,
the trend of rolling-moment coefficient with ZP/D at
ag = 8° dominates the behavior with a secondary effect of

M_ superimposed on the Zp/D trend.

EFFECT OF ADDING FINS TO SHOULDER STORES

It is a complication to model the shoulder store fins in
the computer program. It is therefore of interest to see
what is lost in accuracy by not doing so. A measure of the
inaccuracies incurred can be obtained by comparing the loads
on the bottom store at identical positions in configurations
5 and 6. These data for Syp at ag = 0° are shown in
! Figure 25 for M_ = 0.6. The fin effects on normal-force ]

coefficient are a maximum of about 10 percent at small

Zp/D. The maximum fin effect on side force coefficient ]
is about .02, also at very low ZP/D. There is about a

; maximum 10 percent effect on pitching-moment coefficient.

. The yawing-moment coefficients are quite small being both

‘g negative and positive. An error of about 0.1 in the

{ coefficient occurs at very low values of ZP/D. At low

& ZP/D the rolling-moment coefficient difference is about
0.01.

" It is of interest to look at other cases to see the

effect of adding the fins to the shoulder stores as
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influenced by M, and ¢

NWC TP 6210

g+ The following table gives some

results from figures not shown.

CN:
CY:
CLM:
CLN:
CLL:

M_ = 0.95

CN:
CY:
CLM:
CLN:
CLL:

o = 8°

s

.05 in .20
negligible
0.15 in 0.4
10%
negligible
a_ = 0°

s

10%

.015 in 0.11
0.25 in 1.75
negligible
.008 in .06

o)
a_ =8
s

- ..t -
Sl

F .

negligible
negligible
0.2 out of 0.8
.08 out of 0.7
negligible

Since the effect of the shoulder store fins is usually

greatest for small Zp/D, it is probable that in a store

. separation trajectory the effect of those fins can be

i neglected for many cases.

However for accurate attached

load calculations they should probably be included.
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EFFECT OF SHOULDER STORES

Figure 26 compares the loads on store Sup for
configurations 3, 5 and 6. These results show the
importance of the shoulder stores on the loads of the bottom
store and how far out the shoulder stores affect the loads.
For normal-force and pitching-moment coefficients the second
store adds an increment about as large as that due to
addition of one store, and the interference effects are
significant out to 4-6 store diameters. Comparable results
are shown for side force and yawing moment except that the
interference effects are only significant to 1-2 store
diameters. The rolling moment results indicate large
effects only for small ZP/D values, and show a difference of

magnitude of .005 for ZP/D > 1.0.

The range of the interference effects of the shoulder
stores on the bottom store is judged to be large enough that
it can have significant effects on trajectory calculations.
Such stores also must be accounted for in determining

attached loads.

EFFECT OF SWAY BRACES

Measurements have been made to determine the importance
on store grid loads of sway braces such as shown in Figure
5. Measurements, with and without sway braces, are
indicated in Table 6. Comparing the grid data for the
bottom store of configuration 6 at M, = 0.6, 0.8, 0.9, and
0.95 at u

s
their ecffects are generally negligible exXcept in a few cases

0® with and without sway braces, we find

for close proximity to the attached position for CN and CLM.
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For CN of 0.6, an effect of 0.1 for ZP/D < 0.1 is about
the maximum. For a CM of 1.2 a change of 0.1 to 0.2 is a
maximum. These changes attenuate to very small values by
ZP/D = 0.5. These results are representative of all

Mach numbers.

Dix in Reference 6 examined the effects of sway

braces on the attached loads for the same configuration.

At o = 0° his results were the same as described above
except for CM. He found increments in CM as high as
0.6.

DISCUSSION OF FLOW FIELD MEASUREMENTS

The nature of the flow field is influenced by the same
parameters which affect the store loads. They include
vertical position, angle of attack, configuration, Mach {
number, number of shoulder stores, and addition of fins to
' the shoulder stores. The quantities shown in the ensuing

figures are VZ/V and VY/V, which are, respectively, the

N upwash and sidewash velocities divided by the free-stream

‘ velocity. For the purposes of this report, these (quantities

¢ can be equated to the upwash and sidewash angles in radians
within a fow percent in all cases. The angles are measured

¥ in the attached store or probe axis system shown in
{

8 Figure 5. i




LE:

NWC TP 6210

EFFECT OF VERTICAL POSITION AND ANGLE OF ATTACK

Figure 27 shows measured upwash and sidewash under the
rack of configuration 3 at M_ = 0.6 at ZP/D of 0 and 1.0
for both 0° and 16° angles of attack. It is noted that
the change in upwash between these vertical positions for
both angles of attack is not large. The sidewash angle in

Figure 27(b) tends to show more variation between positions.

The results which follow are for ZP/D = 0.

EFFECT OF CONFIGURATION

The effects of configuration will first be examined with
regards to adding the pylon and then the rack to the clean
airplane by comparing data for configurations 1, 2, and 3.
The upwash and sidewash for M, = 0.6 and a = 0° are shown
in Figure 28 for these configurations as well as others.
Adding the pylon to the clean airplane hardly changes the
upwash, but adding the rack causes a significant effect;
as much as 2°. The effect of adding the pylon on sidewash
has a maximum effect of about 0.5° while adding the rack

has about three times this effect.

Examining similar results in Figure 29 for a_ = 4°, we
note results of about the same magnitude for upwash angle.
The results for sidewash in Figure 29(b) are similar to

those for o = 0° but are of larger magnitude.

It seems desirable to model the pylon and necessary to

model the rack.
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The effects of adding shoulder stores to the rack and
pylon and fins to the shoulder stores can be seen by
comparing configurations 3, 5, and 6 in Figures 28 and 29.
It is noted that configurations 5 and 6 cause large changes
in upwash from configuration 3 in Figure 28(a) but they have
virtually identical upwash for 0 < Xp < -5. The Xp = -5
position is near the fin leading edge, and only behind
this point is the upwash field due to the addition of the

fins of significance.

Adding the shoulder stores to the rack causes
significant increments in sidewash but these are usually
less than those caused by adding the rack to the pylon. The
further addition of the fins causes small sidewash
increments which are felt in front of and behind the fins.
At ag = 4°, the same general conclusion holds for
upwash, while the maximum increment in sidewash is about
1.0° due to adding shoulder stores and another 0.5°

due to addition of fins.

It thus appears that addition of the rack has
significant effects on upwash and sidewash. Addition of a
pair of shoulder stores also has significant effects on the
upwash and sidewash. Addition of fins to the shoulder
stores has little effect on upwash, and then only behind the
fins. It has a small effect on sidewash in front of and

behind the fins.
EFFECT OF MACH NUMBER

The effect of Mach number on the upwash and sidewash at

ag = 4° jis shown for configuration 3 in Figure 30. There

is an effect of M_  on upwash in the region of large axial
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gradients, but there is a small effect on sidewash for the
range 0.6 < M, < 0.95. Similar data are presented for
configuration 6 in Figure 31. There are small effects of
M_ on upwash and sidewash up to M = 0.8. There is a

maximum change in sidewash angle of about 1° over a small

Xp range due to change in M from 0.8 to 0.95.

EFFECT OF NUMBER OF SHOULDER STORES

The effect of adding the outboard shoulder store
(including fins) to the rack is found by comparing config-
urations 3 and 8, and the effect of adding both shoulder
stores (including fins) to the rack is found by comparing
configurations 3 and 6. These effects are shown on upwash
and sidewash for Zp/D = 0 at M_ = 0.6 in Figure 32 for ag =
0° and in Figure 33 for ag = 4°. Examining Figure 32(a),
we can see that adding both stores causes generally more
than twice the effect on upwash of adding one store. The
sidewash angles, Figure 32(b), are negative, and for the
present measurements under the left wing, the flow is
directed outboard. The effect of adding two shoulder stores
is not to change the sidewash angle for the first two inches
(one-third of the store length), while one shoulder store
decreases the sidewash angle substantially. There is a
clearcut difference between the effects of adding one or two

shoulder stores on the sidewash.

The upwash results for a_ = 4° in Figure 33(a) show that
adding the outboard shoulder store has a greater effect over
the forward half of the survey, and that adding the inboard
store has the greater effect over the rear half of the survey. 1

With regard to sidewash, the results noted in Figure 32(a)
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for 0 > Xp > -2 are repeated, but the effect of adding either

or both stores on sidewash is small for Xp < -3.

EFFECT OF ADDING FINS TO SHOULDER STORES

Comparison of configurations 5 and 6 shows the effect of
adding fins to the shoulder stores. These results are given
for M, = 0.6 in Figure 34 for ag = 0° and in Figure 35
for a_ = 4°. With respect to upwash there are no large

s
effects of adding the fins. There is about a 1° change

in upwash at g = 0° behind the fins of the store due to
the addition of the fins. The changes in sidewash are
small, not exceeding 1/4 to 1/2 degree. At a = 4%,

there is little change in upwash and about a maximum of

0.4° in sidewash.

COMPARISON BETWEEN EXPERIMENT AND THEORY

GENERAL APPROACH

The basic objective of the experimental investigation is
to provide data for validating the computer program of
Reference 1 and for providing insight into methods for
upgrading the computer program. Accordingly the comparisons
between theory and experiment are directed toward these
ends. In order to make such comparisons meaningful, it is
of interest to describe the main assumptions that are made
in the computer program especially with respect to pylon,
rack, and stores and to suggest areas where refinements in

the computer program may appear necessary.
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ASSUMPTIONS OF THE COMPUTER PROGRAM

The computer program is based on linear theory,
Laplace's equation for the flow field with the
Glauert-Prandtl theory to account for compressibility. The
fuselage, which can be noncircular, is modeled by using
sources, doublets, and high-order solutions along the axis
of the fuselage to satisfy its boundary conditions, with a
vortex-lattice layout on the wing to satisfy the wing
boundary conditions. The vortex-lattice system is imaged in
the fuselage (assumed circular). Wing thickness is modeled
by source panels. Account is taken of airflow through
inlets and ducts by changing the effective cross-sectional

area distribution of the body.

The pylon is modeled with regard to thickness by source
panels and with regard to the normal velocity boundary

condition by a vortex-lattice layout.
The rack is modeled for volume by a body of revolution.

The stores are modeled for volume by three-dimensional
source distributions along their axes. No mutual inter-
ference between stores or between stores and rack is
accounted for. No doublets to model store angle of attack
distributions are included. The tail fins of the shoulder

stores are not modeled.

The forces on the ejected store are calculated by
slender-body theory. Both upwash and sidewash distribu-
tions are taken into account. Also a loading due to
buoyancy is included in the calculation. If the flow

separates at some axial station, crossflow drag theory is

160




NWC TP 6210

used to calculate the loading downstream of separation.

The tail fin contributions are determined using the spanwise
variation of induced downwash across the tail span together
with reverse-flow theorems in a method which has accuracy

nearly equivalent to full linear theory.

POSSIBLE SHORTCOMINGS OF COMPUTER PROGRAM

In the ensuing remarks a distinction will be made
between the problem of determining the loads on a separating
store sufficiently accurately to calculate its separation
trajectory and the problem of accurately predicting attached
loads. The large changes in loads in the first few tenths
of diameter of store downward travel do not need to be
accurately predicted for the first problem because the store
spends very little of its total time under the influence of
the aircraft in this region. With regard to the second
problem it should also be borne in mind that the attached
aerodynamic loads are also augmented by inertial loads, and

therefore represent only part of the maximum loads.

The guestions that need examination with respect to the
computer program are largely those of whether the airplane,
pylon, rack, and stores are individually adequately modeled,
and whether their mutual interferences are properly accounted
for. Additional questions arise concerning the limits of
the computer program because of nonlinear effects of angle
of attack and Mach number. Some remarks concerning the
pylon-rack-store interference problem should be helpful in

the subsequent comparisons between experiment and theory.
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With regards to Figure 5, the pylon is a lifting surface
which should be modeled fairly accurately by vortex-lattice
methods. 1Its effect on the store is minimized by the fact
that the store is fairly far away because of the intervening

rack. At angle of attack a_ = 49, Figure 29(b) shows about

s
3° of sidewash at the store position. At the rack, the
sidewash would be still higher. The rack is modeled as a
body of revolution, and no doublets to account for downwash

or sidewash at the rack are included in the model.

Figure 3 shows a detailed model of the TER. The first
0.8 in. of the rack has cross sections similar to the upper
half of the cross-sectional shape shown. This part of the
rack is probably modeled sufficiently accurately by a body
of revolution. From 0.8 in. to about 2.2 in., the rack has
the A-A cross section shown. In effect a secondary pylon
exists beneath the rack which is in close proximity to the
store. This secondary pylon is not properly accounted for
by modeling the rack as a body of revolution. The rear part
of the rack is hexagonal, and is well modeled by a body of
revolution. The rack as a body of revolution is over a rack
diameter away from the lower store. Since the flow field of

three-dimensional sources drops off with radius as =2

and that due to doublets as r'3, it is to be expected

that the source terms due to the rack will dominate the
lower store. For the shoulder stores it may not be true
that this is the case because of the close proximity of the

rack to the shoulder stores.

Consider now the shoulder store modeling. In the
computer codes they are modeled only by source distributions
with no mutual interference between each other or between

rack and lower store. There are upwash and sidewash angles
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at the shoulder store locations which should be modeled for
attached loads. Also the mutual interference among all

stores and the rack should be accounted for.

In determining the loads on the lower store, the flow
field induced directly by the rack and shoulder stores is
taken into account with no mutual interference between these
components. Such mutual interference should probably be
accounted for to obtain better estimates of the induced flow
field at the bottom store position. When the bottom store
is introduced, it produces additional mutual inte{c¢rence
between itself and the rack and shoulder stores. This
mutual interference arises from bottom store source and
doublet distributions. It seems, that as a minimum, mutual
interference among the sources should be accounted for, and

possibly also doublets near the attached position.

Finally, tail fins on the shoulder stores are not
accounted for in the computer program. Modeling them is
probably of secondary importance compared to the above
shortcomings based on the small differences seen between

configurations 5 and 6.

COMPARISON BETWEEN DATA AND THEORY
FOR CLEAN AIRPLANE

In the ensuing comparisons, the effects of adding the
pylon to the clean airplane, the effect of adding the rack
to the pylon, and the effect of adding the shoulder stores
to the rack will be isolated and compared with theory.
These increments are all to be added to the clean airplane

characteristics as a base configuration. It 1s therefore
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of interest to examine the comparison between experiment and

theory for the clean airplane.

In Figure 36 the downwash and sidewash angles are shown
along the ZP/D = 0 location for M, = 0.6 for various
angles of attack. It is noted that the experimental upwash
angle is predicted fairly well up to about 8° angle of
attack although it is consistently less than theory.
Significantly large deviations between experiment and theory
occur by the time Oy = 16° is reached. The sidewash is
predicted well up to a_ = 8°. The deviations that do exist
at the higher angles could be due to a number of
considerations such as departure of the aircraft lift from
the range of linearity, imprecise model dimensions, tunnel
flow angularity, and mismatch of the engine mass flow ratio

between the theoretical model and the wind-tunnel model.

Before comparing the theory and experiment for the
forces and moments measured under the conditions of Figure
36, it is of interest to describe the characteristics of
store Syp used in the comparison. Test data for the
store with and without tail fins in the X configuration were
used to determine the increment in normal force due to
adding the tail fins to the body. The increment was divided
between tail fins and the body in accordance with the Ky
and Kp interference factors described in Reference 7.

The body alone has a boattail with possible separation. A
crossflow drag coefficient was selected for the afterbody
based on crossflow Mach number, and an axial position of
separation was chosen for the body alone so that the normal
force was correctly predicted. The pitching moments of the
body alone and body-tail were then predicted from the theory

using the theoretical center-of-pressure positions. The

resulting theoretical characteristics of the store Sygp

164




UPWASH ANGLE, VZ/V

-0.05

NWC TP 6210

1 1 | ]

-1 -2 -3 -4 -5 -6

PROBE AXIAL PQSITION, ZP, IN.
(a) Upwash angle,

FIGURE 36. Flow Field Comparisons for Clean
Airplane at M, = 7.6 and 2p/D = 0 as a
Function of Angle of Attack.
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are shown in Figure 37 for M= 0.6 together with the
measured normal-force, pitching-moment, and rolling-moment
characteristics. The rolling moment is associated with

2° of cant of all four tail fins. It is seen that the

use of the experimental data in this manner yields good
theoretical estimates of the body and body-tail
characteristics. The computer program should therefore not
give spurious store loads for the various configurations
because of inaccuracies in predicting store alone

characteristics in a parallel flow.

In Figure 38, the loads on store Syp in combination
with the clean airplane at ZP/D = 0 are shown for the
angle of attack range from 0° to 16° and compared
with the predictions of the computer program. The normal
force is predicted well up to about 89, and is about
half of its free-stream value for the same angle of attack.
The side force is predicted well up to about 12°. The
pitching moments and yawing moments are not well predicted,
but they are generally less than those of Figure 37 for the
store in the free stream. The center-of-pressure position
for yawing moment is in error by as much as 0.5 diameters.
In the theory, the separation position on the boattail
corresponding to oy has been used. The results of Figure 36
show that the average angle of attack on the boattail is
much less than og - Accordingly separation occurs more aft
than predicted. This yields more downlocad on the boattail
and more nose-up moment. However, the tail will gain upload
as a result of decreased separation resulting in a nose-down
moment. What we observe is the net effect of those two
opposing tendencies. It thus appears that for engineering
purposes an improvement to the computer program can be made

for boattail bodies by taking account of the local angle of
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FIGURE 37. Comparison Between Experiment and
Theory for the Free-Stream Aerodynamics of
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at M, = 0.6,
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FIGURE 38. Loads on Store SMF in Combination .
with Clean Airplane at M, = 0.6; 2p/D = O.
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FIGURE 38. Concluded.

171




£
|
!

:

NWC TP 6210

attack and sidewash on the boattail in specifying the

separation location.

The rolling-moment coefficient is small, and is fairly

well predicted.

Similar results in Figure 39 ior ZP/D = 1.0 exhibit

similar results as for ZP/D = 0.

COMPARISON BETWEEN DATA AND THEORY
FOR EFFECT OF THE PYLON

The effects on the flow field of adding the pylon to the
airplane can be determined by subtracting data for configura-
tion 1 from that for configuration 2. In this way the
effects of the pylon can be examined unmasked by configuration
1 effects. The next four figures show the pylon effects on
upwash and sidewash at M_ = 0.6 for the four following

conditions:

) Figure if ZP/D

%]

v 40 0 0

& 41 0 1

i 42 4° 0

' 43 40 1

Y

Y

4 It is clear that the pylon effect on the flow field is

t small and accurately predicted for the conditions shown.

It would be normally assumed that if the flow angles
induced by the pylon at the store location are small, that
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FIGURE 39. Loads on Store SMF in Combination
with Clean Airplane at M, = 0.6; 2,/D = 1.0,
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FIGURE 40. Effect of Adding a Pylon to the Clean
N Airplane on the Flow Angles Along the Centerline
Ot Position of the Bottom Store at M, = 0.6;

4 i= 0°; ZP/D = 0.
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FIGURE 41. Effect of Adding a Pylon to the Clean
Airplane on the Flow Angles Along the Centerline
Position of the Bottca Store at M, = 0.6;

o, = 0°; 2,/D = 1.0.
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the corresponding loads induced by the pylon on the store

would be small. As an example, consider the following table

which shows the loads on the Syp stcre for the four above

cases due to the addition of the pylon.
TABLE 8. Loads Due to Pylon.

SMF; M_ = 0.6

= ° =
(a) ag 0 ZP/D 0
ZP/D ACN ACY ACLM ACLN ACLL

Data 0.07 0.063 -.019 -.206 0.028 0.002
Theory 0 .031 -.010 -.145 .001 0

(b) ag = 0° ZP/D = 1.0
Data 1.20 0.030 -.008 -.100 0.012 0.001
Theory 1.00 .016 -.004 -.077 .001 0

(c) oy = 4° ZP/D =0
Data 0.10 0.069 -.061 -.220 0.071 0
Theory 0 .028 -.048 -.138 .051 0.001

(d) ag = 4° ZP/D = 1.0
Data 1.24 0.031 -.024 -.096 0.031 -.003
Theory 1.00 .020 -.022 -.072 .029 0

Generally speaking the difference between experiment and

theory 1s not la'ge so that the loads were satisfactorily

predicted.

An interpretation of the above loads will now be
attempted. The largest change in CN is 0.069 and the
largest change in CLM is -.220. Based on the slopes of the

CN and CM curves at the origin in Figure 37, those values
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correspond to free-stream angles of attack of the store of
1© and 2.2°, respectively. No such large pylon-induced flow
angles are to be found in Figures 40-43. The combined
effects of flow curvature and mutual interference appear to
have the possibility of magnifying the effects over what
might be expected on the grounds of induced flow angle alone
when the store is in close proximity to the interfering

component .

COMPARISON OF DATA AND THEORY FOR
THE EFFECT OF ADDING THE TER

The effects on the flow field of adding the rack to the
airplane pylon combination are shown in Figures 44-47.
These results for both data and theory represent configuration
3 minus configuration 2. The first thing that is clear is ;
that the induced angles of upwash and sidewash are generally |
several times larger than those due to the pylon at ZP/D = 0.
It is also apparent that the effect of the rack attenuates
much in going from ZP/D = 0 to Zp/D = 1.0. For instance,
the induced upwash maxima fall from about -0.04 to about -0.01
in this distance. It happens that the Zp/D = 0 position is

about one diameter below the centerline of the rack and the

ZP/D = 1.0 position is about two diameters below the rack
centerline. This suggests that the upwash is strongly source
dominated. The effect of the rack is modeled solely by
sources in the cheory. However, the theoretical source

effect is too weak, particularly at Zp/D = O.

Looking at the sidewash angle, the maximum sidewash
exists at Zp/D = O and attenuates greatly at ZP/D = 1.
The theory predicts no sidewash since the rack sources

produce none directly below themselves. It is clear that
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(b) sidewash angle.

FIGURE 44. Effect of Adding TER to Pylon on the Flow
Angles Along the Centerline Position of the Bottom

Store at MCn = 0.6; o

= O . =
s 0°; ZP/D 0.
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FIGURE 45, Effect of Adding TER to Pylon on the Flow

Angles Alorg th= Centerline Position of the Bottom

Store at M°° = 0.6; us==0°; ZP/D = 1.0.
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FIGURE 46. Effect of Adding TER to Pylon on the Flow

Angles Along the Centerline Position of the Bottom

Store at M_ = 0.6; ag = 4°; Zp/D = 0.
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mechanisms to produce sidewash due to addition of the rack

must be introduced into the computer program.

It might appear that the introduction of doublets to
cancel both upwash and sidewash velocities along the rack
are called for since they are not used in the computer

program. However, it appears probable that doublet effects

will attenuate too fast to achieve the desired magnitude of i
effect. 1If one compares the effects of the pylon in Figures
40-43 with the effects of the rack in Figures 44-47, one is
struck by the similarity between the qualitative behaviors

of the two. The rack acts like a pylon not a body of

revolution. It thus appears that the small "“rack pylon" can
be modeled as an extension of the main pylon. The rest of
the rack can still be modeled as a body of revolution with
volume since it will not change the pylon normal velocity

boundary conditions.

It is not to be expected that the loads on store Syp due
to addition of the rack to the pylon will be predicted

well for ZP/D = 0 since the upwash and sidewash are

' significant at this location, and the theory underpredicts
b them. It is of interest to examine the load incrcments due
) to the rack in a similar form to that for the pylons.

N

) TABLE 9. Loads Due to Rack.

{' SMF; M, = 0.6

¥

{ = p° =

(a)  oag 0 ZP/D 0
4

/ ZP/D ACN ACY ACLM ACLN ACLL

)
.f Data 0.07 0.116 -.059 -.222 -.003 0.007

Theory 0 .051 .001 -.035 ~.002 0
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TABLE 9. (Contd.)

(b) ag = 0° 2,/D=1.0
Z,/D ACN ACY ACLM ACLN ACLL

Data 1.21 0.037 =-.015 ~-.086 0.045 0.001
Theory 1.00 .024 .00l ~.027 =~-.001 O

(c) ag = 4° ZP/D =0
Data 0.07 0.042 =-.196 O -.034 +.039
Theory 0 .050 +.001 0.031 -.001 O

(d) a, = 4° ZP/D =1.0
Data 1.23 0.019 -.043 ~-.063  0.040
Theory 1.00 .024 0 ~.024 0 0

Examination of the foregoing table immediately shows
that the computer program gives no contribution to CY, CLN,
and CLL due to addition of the rack. This shortcoming of
the method is more important at ag = 4° than o, = 0°
since the sidewash is greater at oy = 4°, An error
of about 0.2 in side-force coefficient occurs and
about 0.045 in yawing-moment coefficient. There is a
surprising effect on rolling-moment at ag = 4° and
ZP/D = 0, the value of CLL for configuration 3 being
0.064 and for configuration 2 being 0.025. There is a
sidewash gradient between the top and bottom fins of the X
arrangement which is, 1f anything, weaker at 2Z,/D = 0
than at ZP/D = 1.0. Since the effect does not occur at
ZP/D = 1.0, some other phenomenon must be producing this
difference which is equivalent to about 2° of cant of
all fins. The phenomenon is believed due to a trailing

vortex from the rack pylon.
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The magnitudes of the largest measured changes in Tables

8 and 9 are now compared.

(ACN)max (ACY)max (ACLM)max (ACLN)max (ACLL)max

Table 8 0.069 0.061 0.220 0.071 0.001

Table 9 .116 .196 .220 . 045 .039

The maximum effect of the rack on forces and rolling moment
is much greater than that of the pylon, but its maximum

effect on pitching moment is about the same.

The lower store is released with the two shoulder stores
in position, but for diagnostic purposes it 1is interesting
to see how theory and experiment compare for the way the
store loads vary with 2Zp/D when the shoulder stores are not
present. This information is shown in Figure 48 for

i M, = 0.6 and g = 4°., The theory and experiment both show

wiggles as ZP/D approaches zero. However, in the last 0.1

a large change in the data to the attached load is shown.

The theory also shows a sharp change but in the opposite

) direction. The side-force coefficient goes smoothly to
Zp/D = 0 in both theory and experiment, although the theory

! is inaccurate near the rack for reasons already pointed out.

L §

S

b

- The data for the pitching-moment shows an unexpected and
‘ unexplained phenomenon in its os-illation near Zp/D = N,

\ .

. It was thought that this result .night be due to spurious

'

! data so comparable results for M_ = 0.8 are shown on
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Figure 48(c). The phenomenon is shown but at a much
reduced magnitude. This phenomenon disappears when the

shoulder stores are present.

The yawing moment and rolling moment show a change in
their trends with ZP/D for small values of this parameter.
For the yawing moment this is readily ascribed to rack-
induced sidewash effects neglected in the computer program,
but the rolling-moment results are not so easy to explain.
Referring to Figure 5, it is seen that the tail fins are
well behind the rack and the rack pylon. The possibility of
a trailing vortex from the rack pylon seems the only
possibility which might induce a rolling-moment coefficient
change from 0.04 to 0.09. The rack induced effect is

larger than that due to the 2° cant on the fins.

COMPARISON BETWEEN EXPERIMENT AND THEORY FOR
EFFECTS OF ADDING THE SHOULDER STORES

The effect of adding the shoulder stores will be
determined by taking the difference between the results
for configuration 5 and configuration 3. Any effects
of the fins of the shoulder stores will not be included
by this means. Also, the theory does not include the
effect of shoulder store fins, and these have been shown to

be small.

Figures 49-52 show the effects on the upwash and sidewash
angles along the store axis position for several angles of
a~rack and vertical positions at M_ = 0.6. Both experiment
and theory are shown. The upwash angles get to be nearly

as large as -6°, while the sidewash is generally much less
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FIGURE 49. Effect of Adding Shoulder Stores to
Configuration 3 on the Flow Angles Along the
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! M, = 0.6, a_ = 0° 2,/D = 0.
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FIGURE 51. Effect of Adding Shoulder Stores to
Configuration 3 on the Flow Angles Along the
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than 1°. The theory in some cases predicts the upwash well,
but more often underpredicts it. The degree of agreement is
surprising in view of the fact that only the volume effect
of the two stores are modeled with no interference between
them. Thus the theoretical VZ/V increment due to the
shoulder stores at a fixed value of ZP/D does not vary

with oy - The thecretical sidewash increment, VY/V, is small.
By comparison of Figures 49(a) and 51(a) it is clear that
some angle-of-attack variation of VZ/V due to the shoulder

stores is apparent.

At ZP/D = 0 some sidewash exists but at ZP/D =1 it 1is
negligible for ag = 0°. At oy = 4°, the sidewash is stronger
at Zp/D = 0, but again negligible at Zp/D = 1.0. The rapid
decay of this sidewash suggests that some dipole
distribution is causing it. The two shoulder stores are
subject to sidewash which are not equal. Dipoles to cancel
these sidewash boundary conditions will produce differential
sidewash under the rack. This represents a possible source
of the sidewash. Likewise doublets to cancel the downwash
distribution along the shoulder stores would modify the
upwash and could account in part for the differences between
experiment and theory. Some account of mutual interference
between shoulder stores and rack-pylon may be reguired to
get accurate flow fields. The shoulder stores can change
the rack-pylon lifting surface boundary condition, the pylon
can influence the boundary conditions of the shoulder
stores, and the shoulder stores can interfere with each
other. These interferences can be evaluated to see which
are of sufficient magnitude to influence the flow field.

The work of Martin (Reference 8) will be nseful in this

connection.

198




NWC TP 6210

It is of interest to see the magnitude of the loads on
the bottom store induced by the shoulder stores. The
following table presents the resuls for two angles of attack

and two vertical positions.

TABLE 10. Loads Due to Shoulder Stores.

SMF; Moo = 0.6
= ° =
(a) ag 0 ZP/D 0
ZP/D ACN ACY ACLM ACLN ACLL
Data 0.07 0.456 -.018 -1.049 -.049 0.006
Theory 0 .334 .008 -.605 =-0.012 o0
= o =
(b) ag 0 ZP/D = 1.
Data 1.2 0.201 -.008 -.452 -.021 0.003
Theory 1.0 .190 .003 -.380 -.010 o
(c) ag = 4° ZP/D =0
Data 0.07 0.237 -.063 -.955 -.022 0.028
Theory 0 .320 .006 -.551 ~.008 -.005
(d) a, = 4° ZP/D =1,
Data 1.23 0.130 0 -.389 -.070 0.013
Theory 1.0 .181 0.005 -.385 -.007 0

The table shows that the addition of shoulder stores has
its maximum effects on CN and CLM, and has generally small
effects on CY, CLN, and CLL. This result is in general
accordance with the flow-field comparisons. It is noted
that the changes in CN and CLM are better predicted at
Z2p/D = 1.0 than at ZP/D = 0, a fact also in

agreement with the flow-field results. Some error at
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Zp/D = 0 is due to prediction of the flow field. But

even with an accurate flow-field prediction, some errors in
loads will be predicted at this position. It is probable
that mutual interference between all three stores, at least
for volume effects, will influence the loads. This could be

investigated by the method of Martin (Reference 8).

COMPARISON BETWEEN EXPERIMENT AND THEORY
FOR EFFECTS OF MACH NUMBER

In testing the computer program for its ability to
predict Mach number effects, we will compare measured and
predicted changes in flow angles and store loads between
M = 0.6 and M = 0.95. This will be done for the clean
airplane configuration so that any problems the computer
program may have predicting the interference among pylon,

stores, and rack at M, = 0.6 will not cloud the comparisons.

The normal-force and pitching-moment curves of store
Syp in the free stream at M_ = 0.95 are input into the
computer program for the load comparisons. The method for
generating the theoretical characteristics so that they
best fit the experimental data has already been described.
The fit between experimental and theoretical store-alone
characteristics are shown in Figure 53. It 1s seen that
the data for the finned store are matched fairly well except
for pitching-moment coefficient at ag = 16°. Hence the
body~-alone pitching-moment curve is underestimated in the
high range of angle of attack. It is not possible to match
the data for all four curves precisely with a fixed

separation point location even though this was well
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FIGURE 53. Comparison Between Experiment and Theory
for the Free-Stream Aerodynamics of Store

M = 0.95.
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approximated for the M_ = 0.6 data in Figure 37. Since we
are interested in stores with fins, the emphasis must be

placed on fitting the data for this case.

Figure 54 shows the afterbody separation locations
used in the computer program. The separation location
moves slightly forward with increase in angle of

attack. The effect of Mach number is small.

The comparisons between experiment and theory are shown
for upwash and sidewash angles in Figure 55 for ag = 0°.
In this figure the differences in upwash and sidewash angles

between M = 0.95 and M_ = 0.6 are shown along the

centerline position the store would occupy if mounted on the
bottom station of the rack on the left inboard pylon. The
differences as measured and as predicted for upwash are
small up to about a_ = 12° and at ag = 16° errors of
the order of 1° to 1.4° exist in predicting the Mach
number effect on the change in upwash angle. The agreement
with regards to sidewash angle is good almost to 8°
where it is fair, errors of the order of 0.5° to
! 0.75° occurring here. However, in lieu of data, the
predictions can probably be used for estimating the flow
angle to ag = 16° at M, = 0.95 for preliminary design

N purposes since the upwash and sidewash angles with respect

) to the store are fairly lurge under this condition.
“ The differences in the store loads between M = 0.95
! L]
. and M = 0.6 as measured and as predicted are given 1in
M Figure 56 as a function of angle of attack. These loads
A
i
ol
y
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FIGURE 56. Differences in Loads on Store Syp
Between M, = 0.95 and 0.6 as Measured and as
Predicted; Configuration 1, Zp/D = O,
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correspond to store Syp at the Zp/D = O position. 1In
general the loads, with the exception of yawing moment,

do not show much change due to Mach number between

a, = 0° and 8°. As the angle of attack increases, the
agreement between prediction and data generally becomes
worse. It thus appears that the compressibility effects on
loads for ag 2 8° at M, = 0.95 are not well predicted by

the linear theory. Some of this limitation of linear theory
is due to inaccuracies in predicting the flow angles in the

high angle-of-attack range as shown in Figure 55.

CONCLUSIONS

ATTACHED VERSUS GRID LOADS

1. The forces and moments on a store 1in close proximity
to a TER can exhibit large changes within the first few

tenths of a store diameter from the attached position.

: 2. It is not gencrally feasible using present measuring
o methods to extrapolate loads measured on a CTS supported

model to those fcor the attached position.

3. Strong aerodynamic interference forces act on a

' store in close proximity to a TER which is only weakly

dependent on Mach number in the range 0.6 < M < 0.95.
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ATTACHED LOADS

1. Adding the shoulder stores to the rack had the
following effects on the attached loads of store Spap at
M, = 0.6.

{(a) The normal forces received a large positive

increment due to addition to the rack of the

outboard shoulder store in the low angle of
attack range, and further increments of
comparable magnitude by subsequent addition of
inboard shoulder store. At high angles of attack,

as > 100, the increments became much smaller.

(b) The changes in side-force coefficient were small.
{c) There were Jefinite changes in the pitching-moment
coefficient, but these were greater than those in

yawing-moment coefficient.

, (d) Rolling-moment coefficient exhibited significant

! changes.
e 2. Adding fins to the shoulder stores under the
. conditions of (1) generally causes small changes in the
> store loads except at large angles of attack.
! . , ) .
i4 3. At M, = 0.95 the same guantitative configuration
{
J effects described in (1) and (2) were found.
¢ 4. The effects of Mach number on the attached loads for

-

P store Spp mounted on configuration & were small for the

range 0.6 < M _ < (.95 except for normal-force coefficient.

A
4
R
.
’
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The effect of M, on CN was systematically to reduce it by
an amount which increased as the angle of attack reduced
from positive (16°) to negative (-4°). These results

suggest that systematic interference effects were present. i

5. At M, = 0.6 addition of the fins to the shoulder
stores causes negligible effect on the loads of store

Spp except for CLM and CLL at large angles of attack.

6. The addition of the inboard shoulder store adds
increments to CN, CLM, and CLN which reverse sign with
increases in angle of attack. It causes no change in CY and
decreases CLL. This behavior is representative of the M, =

0.6 and 0.95 results.

GRID LOADS

oooar M, = 0.6 and at o = 0° with store SMF
within 1 store diameter of the rack the most important
things influencing the bottom store lcocads are in decreasing

' ordev of 1mportance:

" (a) Addition of shoulder stores to TER.
{b) Addition of TER to pylon.

) (¢) Addition of fins to the shoulder stores.

1
ﬁ Changing the angle of attack to 89 does not change the
w foreqoing conclustion.
‘v
. 2. The addition of fins to the shoulder stores for the
P ranges of M and b of the tests has a generally small effect,
R ;
and the effect 1s largest at small values of ZP/D. It
v
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appears, therefore, that the addition of the fins may be
neglected for trajectory purposes but not for accurate
attached loads.

3. The effect of Mach number on the loads of store SMF
for configuration 6 is evident for all the coefficients.
However, its effects on CN, CY, and CLL seems to be smaller
than its effects on CLM and CLN. Some qualitative changes
in CLN due to Mach number occur at the highest Mach number
(M, = 0.95) for small Zp/D.

4. The data indicate that the shoulder stores influence
the loads on the bottom store for about 5 store diameters

from the rack.

5. Sway braces have negligible effects on the bottom
store loads except for CN and CLM in immediate proximity

to the rack, where the effects are small.

FLOW FIELD MEASUREMENTS

1. Adding the pylon to the airplane has little effect
on the flow field in the position to be occupied by the
attached lower store, but adding the rack has a much

larger effect.

2. Adding a pair of shoulder stores to the rack causes
large changes in upwash, but the changes in sidewash angle

are moderate.
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3. Addition of the fins to the shoulder stores has a
small effect on upwash behind.the fins, and a small effect

on sidewash in front of and behind the fins.

4. Mach number causes minor changes in sidewash and
upwash between M, = 0.6 to 0.95 in the low angle of attack
range. A maximum change in sidewash of 1° at M_ = 0.95

was found over a small range of Xp-

5. The effects of adding one and then ancther shoulder
store were to increase upwash in both cases, but the
effects on sidewash were not clearcut. The effects of

adding each store were not equal.

COMPARISON BETWEEN EXPERIMENT AND THEORY

1. By using some experimental data in the computer input
quantities for the store-alone characteristics in the free
stream, satisfactory agreement between data and the computer
program were obtained for the normal-force, pitching-moment,
and rolling-moment curves of the store with tail fins in the

X roll orientation.

2. For the clean airplane. the upwash and sidewash
angles near the store location at the 1nboard pylon are
predicted adequately for preliminary Jdesign purposes to

Wy = 8° but not up to g = 16°.

3. For store Syp 1n combination with the clean alrplane
near the attached inboard position, the norr.al force, side
force, and rolling moment are well prodictod by the

computer program up to Ny = 8°. However, the pltching

215

A ARl 7S i o ST A T RO T T




—p— ar*,-n-n-n-Iul!u--------l-llunuluﬂu-Ill!'
1 . N .
| ' ’ !

NWC TP 6210

moment and yawing moment are not predicted well probably
as a result of movement of the separation position on the
boattail afterbody due to the nonuniform flow field and

its resulting effects on afterbody and tail normal forces.

4. Adding the pylon to the clean airplane produced
downwash and sidewash changes near the location of the
attached store on the inboard pylon which were usually
less than 0.5° and which were accurately predicted by

the computer program.

5. The loads on store Syp at Zp/D = 0 and 1 due to the
addition of the pylon were predicted satisfactorily. 1In
magnitude they correspond in some cases to a change in
angle of attack of the store in the free stream of 1° to

20,

6. Adding the TER to the airplane-pylon combination
caused changes in downwash angle and sidewash angle at the
attached store position. They are several times greater
than those due to the addition of the pylon, and the theory

generally underpredicts these changes. In fact the theory

predicts no sidewash changes since the rack is modeled by a

body of revolutions with volume only (sources and sinks).

) 7. The upwash and sidewash increments due to the rack
are qualitatively similar to those for adding the pylon.

! It appears that a "rack pylon" will account for the

j observed effects. It can be modeled as an extension of

N the wing pylon, and the body-of-revolution model of the

rack still retained.
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8. Generally the computer program predicts zero yawing-
moment, side-force, and rolling-moment contributions due to
addition of the rack since no sidewash is predicted. The
normal-force and pitching-moment increments are fairly well

predicted.

9. The load increments due to the addition of the rack
can be several times greater than those due to the addition

of the pylon.

10. As store Syp moves toward the attached inboard
position from below, the normal force, side force, yawing
moment, and rolling moment as measured show rapid changes
within the last 0.5 diameters of travel. These rapid
changes are not predicted by the computer program. The
proposed addition of a rack pylon model will change the
predicted loads in this interval. Better account of mutual
inter ference between rack, pylon, and store may also be

required to predict accurate attached store loads.

11. The sudden increase in rolling moment s ZP/D
approaches zero is thought to be the result of a4 tip vortex

from the rack pylon.

12. The pitching moment exhibilts an unexplained non-
linearity as ZP/D » 0 since it suddenly goes negative and
then veverses to its positive value for the attched

pasition.

13. The upwash Jdistribution due to adding the shoulder
stores to the rack is predicted fuirly well at ZP/D = 1.0
but 1s underescinated ot ZP/D = 0. The use 0f Joublets

to cancel the upwash acting on the shoulder stores could be
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one source of upwash not included in the theory. Another
source could be mutual interference between shoulder stores

and rack pylon.

14. Theory predicts no sidewash under the pylon due to
the shoulder stores, but a small amount exists at ZP/D =0
which varies with O e It is thought that doublets to cancel
the sidewash on the shoulder stores might account for this

small sidewash which goes away at ZP/D =1.0.

15. With regards to the effect of the shoulder stores
cn the loads on the bottom store, large changes are evident
in CN and CM but generally small changes in CY, CLN, and
CLL.

16. The changes in CN and CLM at Zp/D = 1.0 due to
the shoulder stores are well predicted, but at Zp/D = 0
they are not well predicted. While improving the
predictions of the flow fields at Zp/D = 0 should
improve this situation, 1t may require accounting for mutual
interference among all three stores and the rack to estimate

loads accurately 1n the attached position and 1ts proximity.

RECOMMENDATLION FOR IMPROVEMENTS TO COMPUTER PROGRAM

Based on systematlc comparisons between experiment and
theory for the flow field and forces and moments acting on a
moairfred M<-8: pomb tested 1 conltunction with a TER
mounted on the -t oarl wing pylon of an F-4C airplane, a

number Of ways have peen found of improving the computer
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program based on the theory. The suggestions are aimed
principally at determining the loads on the bottom store in
its attached position or close to the rack. 1In solving
this problem mutual interference between rack and shoulder
stores 1s to be included. Thus after the bottom store is
dropped, the loads on the shoulder stores should be more

accurately predicted.

The determination of the loads on the bottom store under
the conditions of interest requires that the flow field at
the position to be occupied by the bottom store be accurately
calculated with the two shoulder stores present. Certain
improvements in the model are needed to achieve this
objective. The second requirement appears to be that the
full mutual interference among all three stores and the rack
be taken into account in determining the loads on the bottom

store. Let us take up these two requirements serially.

The present rack model does not give accurate flow fields
because it does not account for the rack pylon. It is
) suggested that the rack pylon be modeled as an extension
of the wing pylon passing through the rack. At the same
time that part of the rack which does not include the rack
i pylon, can still be modeled by a body of revolution. If
3 these changes do not give the desired accuracy, then rack
doublet distributions to offset the downwash and sidewash

at the rack centerline can be introduced.

The present modeling of the shoulder stores by source

distributions does not give accurate downwash just under the

rack. It 1s suggested that mutual interference between
o these source distributions be taken account of as well as

v with that of the rackx. This three-body problem can be
,
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handled by the method of Martin, Reference 8. The three
bodies already have a vertical plane of symmetry so that the
pylon boundary conditions are met. If this does not give a
sufficiently accurate flow field, the next degree of
approximation, which should be included, is to consider the
doublet distributions for the attached stores due to upwash

and sidewash.

The second requirement, when the flow-field calculation
is accurate enough, is to take account of mutual
interference among all three stores and the rack in
determining the loads on the bottom store. This is first of
all a four-body problem in sources which can be
approximately attacked by the method of Martin, Reference 8.
Then the problem should be done again for the doublet

distributions by the same general method.

In addition to these suggestions, certain others have
arisen as being useful under certain circumstances. It would
be useful if the experimental data for the store aloune in
the free stream were used in the computer program to improve
its accuracy. (An attempt in this direction has been
previously described herein.) If a boattail afterbody
occurs on the external store with separated flow, increased
accuracy can be obtained by accounting for movement of the
separation location based on the local angle of attack at
the afterbody position. In case rolling moments are
important, account should be taken of the rack pylon trailing

vortex as it might induce rolling moments on the tail fins of

the stores.

220




NWC TP 6210

A final requirement would be to include the effect of

shoulder store tail fins on the loads acting on the bottom

store.
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Appendix A

CAPTIVE LOADS DATA RETRIEVAL PROGRAM




] . ;
7 !
| |
|
NWC TP 6210
PRNGRAM Rt TCaAP ([NDUT.OHYPHI.YAPfA:]NPut.IAPbhznutPuY.IApp|n)
C PRNGRAM TO KFTRIFVE RANDOM RUN NUMKRERS FROM THF Pe
[y CAPTIVE LOADS Tabt 1. i
C “s I
c S ;
NIMFNSTON HE20) o IHPR(26) o TPTR 10N ITITLE (3) «RUNND L1 0D) fo
NIMFNSION ICONF (T) « ISTORF (3) 7.
C R,
NATA [CARD /&4HCAPT/, TTAPE /éH cae/ 9.
C 10,
C 1.
[« READ TAPE TITLF AND RUN NOS. 12.
C 13.
RFAD (S4100G. ITITLF 14
1F (ITITLE(]1) FQ. TCARD) GO TO 2n 15
WRITE (6+2000) (ITITLE (I} eI=1eD 16,
STNP 17.
20 CONTINUE 18,
RFAN (10+1010) IHNR 19,
IF (IMDR (2} .FO, ITAPF) GO TO 4G 20.
WRITE (6420100 (THNP (1) o 1=1425) 2l
STOP . FEN
40 CONTINUE 23
REAN (S.1020) N 24,
REAN (S.1030) (RUNNO{T)el1=1eN) 25,
WRITE (6+2020) (1+RUNNO(T) el=1eN) 26 .
C Pl
C SORT THE RUN NOS,. ANN THF POINTFRS TO THE RUN NOS. 78,
c ’9.
\ DO AN I= 1N 0.
1PTR(IV= 1 3l
60 CONTINUE 37.
IF (N .LF. 1) GO T0 8% 13.
Nl= N-] 6.
DO 80 T=1eN1 35,
1= Te1 I6.
NO RO J= TleN 7.
IF (RUNNO(IPTRI(T)) LLE. RUNNO (IPTR{J))) GO 10 RO 1R,
[TEMP= TPTR(I) 19,
IPTR(1)Y= JPTR(Y) a0,
IPTR( 1N = [TFMP ol
: an CONT INUF “?.
, AS CONTINUE 43,
: ' C Y
| ' d SEARCH TAPF FOR SORTFN RUN NOS. 45,
i C ab,
! N AFAN (1010400 (RE11e1=21425) ale
i > OLDRUN= 0.0 “R,
:‘ DO 160 1= 1eN «9.
| ; c 50,
. C NN WwHILF DESTRFN SUN N, GREATER THAN TAPF RQUN NO, Sle
: ¢ 52,
# ' 100 COANTINLIF a3,
! IF (RUNNO(IPTR (111 L1 T, RELIY GO TO 140 Q6.
‘ Wj IF (RL11 JNE. RONNOCIPTRITIIN GO TO lan ae,
(‘ 1F Ry 60, NI NRONY GO T 120 k. -
i C 7.
i 4 c WHITE =6 8N+ G FOR NEW RUN NO, SR,
| [« L9,
| ¢ CALL CORFTG (1N 1COME o 1STORE) an. .
E ( WHTTE (me2020) (1W et 1) e I3]e2%) e
e Twipt)= 201 AP
o w1 TE (£e2N0N) TRING (TENNE (Udedale 71 e LISTORE (U euz1e V) n1,
\ WHTTE (A 20GM (A0 e d=Peat s (REUT 4 176420 (6} ok (S P

T4
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WRITF (Ae20AD)
OLNRIIMNZ AT
120 CONT INUF

WRITF NATA

[aNa¥al

WRTITE (Ae2070) R(21)e(HM(J)od=11420) e (RUJ)ad=22e25)

140 CONT INUF
RFAD (10+410640) (R{J)eJ=1e29)
IF (EOF(1Mm)) 2004100
GO TO 100
160 CONTINUE

END OF FILE OR ALt NESIREN RUN NOS. FOUND

[aNaKnl

200 CONTINUE
RFWIND 10

¢ ¢ RFAD FORMATS

OO0

1000 FORMAT (344}

1010 FORMAT (25A4)

1020 FORMAY (I5)

1030 FORMAT (AF10,0)
1040 FORMAYT (1P10F12.5)

C
C * + WRITE FORMATS
C

2000 FORMAY (1HO«SXs17TH® # ¢ FRROR ® & &,
1 46HINPUT CARN NOFS NOT SPFCIFY CAPTIVE LOADS DATA /
P SXe JIHCARD TITLF=4 3A4)
2010 FORMAT (1HOe SXel7H® ® & FRROR * « »,
1 46HTAPE TITLF NOFS NOY SPECIFY CAPTIVE LOADS DATA /
2 SXe11HTAPF TITLE=e 25A4)
*2020 FORMAT (1H]1s17HINPUT RUN NUMAFRS /
1 PAelHT o INGTHRUN NO, / (1Xe124F10.2))
2030 FORMAT (1H1s1XeP5A4)
2040 FORMAT (1HO«3Xe THRUN NO,« TXKe 20HPARENT CONFIGURATIONS
1 1SX+SHSTORE, /
? SXel39BXeTAGLsTXA4)
2050 FORMAT (1H0s)7Xs34H%s00s FRFE-STRFAM CONDITIONS eense,
WX o 4HMACH e 4 X o PHP T ¢ AX o PHTT o TX « THP 4 TX o IHT o 7Xa 14V e 7 X,
1HQ s TX«SHRF/FTs /
EX ¢ PHNO 44X g 4HPSF A ¢ IX o ARNFGIR) ¢ IX o 4HPSF A4 IX
OHNEGIR) o 2X o AHF T /SFC et X o IHPSF 46X 6HFT (=1 /
CXoFE,Feb6FR, 1 FT,P2enH®INE24)
20AN FORMAT (JHNQOX P Heasas MONFL NATA eeeae
L4X e SHALPHA ¢ IX o SHALPHB, 3IX e 4HRFTA /
SX ¢ IHPAR G4 X ¢ GHSTNRF ¢ IX 4 SHSTORF 44X s PHONGAX e PHEY o A X
AHCAT 45X e IHCLMeSX g IHMLNeBX s JHCLL o A X o IHNCP I AKX,
FHYCP 44X o IHMNE « IX s SHMDOTN e IN ¢ 2HCR ¢S X 0 2HVR /
EX e IHNFG SN e IHNF R oQX g IHDEG e IX o SHDTAMS s X o SHNDTAMS,
AXe THLRAM/SEC )
2070 FNOMAT (1Xe3(P0eFAR,2) A (PYFA, ) 4D2(2XeFT,3)04F7,7)
C
C

nE uu—

> P SV~

/

”H.
LN
~T.
~R,
~Q,
T0.
7.
,?.

Tae
75.
716,
17
7R.
79.
R0,
Rl.
R2.
A3,
R4,
85,
R6.
R7.
Rite
f9,
Q0.
91.
Q2.
03.
Q4.
95,
96.

98,

Q9,
100,
101.
102.
103,
104,
106,
106,
107.
108,
109,
110,
111.
117,
113,
114,
115,
116.
117.
‘IR.
11Q.
120,
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S0

60

65

70
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A0

agq
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SURROUTINF CONFIG (R, TCONF « ISTORE)

NECTPHFR THF CONFIGURATION CONF AND SET UK AN ALPHARFTIC
ARRAY FOR THF CONFIGURATION AND THf STORF

NDIMENSION IC(IR)WICONF (7)o IS(T)eISTORE (3)

DAYA 1C Z4HF=4Ce 4HePTos 4HTelSe 4H2 U 4H2)F ey
] 4HePT o 4HT o GHP2IU o 4HI(S3) e WHU « GHF .
? 4HsPCLe 4MHF4POe 4HP2)IF o 4HTMy (e 4HS2)Fe 4He (S3,
3 4H)F /

DATA IS 76HMK=R, 4HIMF, 4H3I MU,y 4H3IsAF e oH3v AU
1 4HPROR. 4HE /

NATA TALANK /4H /

IF (A LEQ. 610.,0) B= 9l.0
MA= R

MY= MOD(MRs10)

MX= MR/10

CASF CONFIGURATION
CASE X=0

IF (MX JNE, 0) GO TO S0
DN 40 I=1e7
TCONF (1) = [RLANK
CNANT INUE
GO 7O 150

GO TN (60¢70+80e900100+s110412001304140) 4MX
CASF wx)

CONT INUE
ICONF (1) = TC(1)
O 65 1= 247
ICONF ()= TRLANK
CONT INUF
6N TO 1Sn

CASF X=2

CONT INUF
TCONF (1)Y= [CH(])
IFONF(2)= 10 tR) .
PO 78 1= 3.7
TCONF (1) = [RLANK
CONT INHIF
GO TH (&0

CASF v=1

CONY INUIF
TEINE ()= 17
1errg 1~ 1
froes (y.o- 7 T
IR 1 S SRRV 4
ToanE 1, o T Ak

COANT ToE

YT et

FASE weg

COnT s,
R TN B B

226
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[aNale)

OO

[N aNal
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ICONFLTY= 1O(LD)

a5 CANT THUF
TONNF (4) =
no 96 I=

1€ (1)

‘7’7

ICONF (1) = TRLANK

96 CONT INUF
GO TOH 150

CASF X=5

100 CONTINUOE
Do 105 I=

1e4

ICONF ()= TIC(T)

105 CONT INUE
ICONF {5) =
TCONF (/) =
ICONF(T) =
GN TO 150

CASF X=6

110 CONTINUE
DO 116 1=

1Cc(q)
1Ic10)
TRL ANK

143

ICONF (T)=1C(])

118 CONT INUF
ICONF (4) =
IFONF (&) =
TCONF (6) =
TCONF (7)) =
6N T0O 150

CASF X=7

120 CONTINUF
ICONF (Y1) =
ICONF (2) =
TCONF () =
TCONF (4) =
T1CONF (5) =
ICONF (&K) =
T1CONF (7)) =
GH TO 150

CASF ¥zR

130 CONTINUFE
nn 1135 1=

1C(s)
1C()
Ican
TRLANK

1cen
Ica12)
1ce
e
1C(%)
1c Q)
1C13)

143

ICONF (T)= TCHLT)

138 COANT INUF
1CONF (6) =
[ATa T B TN I

1IC(1a4)
Se7

ICONF (T) = TH[ ANK

136 CONTINUF
6O TO 160

CASF x=0Q

a0 CONTTIMIIE
1eOtF(Y) -
TEOMF (2) -
1ANNF () =

1Tren)
1000
T e

227

2h6,
2T,
PRR,
269,
270,
271.
P72,
273,
Pl4.
275,
276,
277.
27R.
279,
?Ho.
2R1.
2R2.
2R3,
PR4 .,
2R,
PR6.
PRT.
2RA,
2R9,
290,
291
2927,
293,
294,
295,
296,
297.
29R,
299,
300,
in.
07,
303,
ING .,
NG,
30,
anz,
30R,
309,
310,
Il
312.
313.
N,
I15.
A,
N7.
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1TeNMF (e) = TCLYA) 377.
TeNNFUR)Y = Ir (1 T) 3°R,
ICONF tAY = IC1TR) 379,
TCONF (7) = TRLANK 3130,
C 33,
C FND CASF CONFIGURATION ER PN
150 CONTINUE 333,
C 334.
C 3,
C CASF STORE 3k,
o 337,
ISTARF (1) = IS() 33A,
ISTORF () = THLANK 3139,
GO TO (170e1R0¢1QNe2NNe210e220¢230) 4 MY 340,
C Jul.
C CASF v=1 347,
C 3473,
170 CONTINUF 46,
TSTORF (P) = 1S(2) WS,
6N TO 240 346,
Cc 7,
C CASF v=p 348,
¢ 349,
120 CONTINUF isn,
ISTORF (P2) =z [S{Y) 351.
GN TO 240 kLY
C 143,
C CASF Y=3 354.
C s,
190 CONTINUE 156,
ISTORE(?)= 1S(4&) 387,
GO TO 240 38R,
C Inq,
C CASF Y=4 RIS
o 31,
200 COMNTINUF 3A2.

ISTORF(P)= T1S(&) RLEN k

GN TO 240 364, L
C 6G,
C CASF Y=8 1R6.
c kT,
210 CONTINUFE 68,
ISTORF (1) = 1S(&) iAg,
ISTNRE (2)= 1S ERAIN
6N TO Pan 171,
c 377,
C CASF Y= A 173,
2720 CONTINUF 374,
TSTOARE (P2Yy= 1542y ERAIS
GN TO 240 A7A,
c ar7.
C CASF Y=7 378,
230 CONTIHUF 379,
ISTORF (2= 1S un,

C ], .
C EMD CAQE STORE ive.
C IN Y,
Pan CNANT T ug,
¢ e, .
(P14 TIILJ" 1.45.
£ -7,
228
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Appendix B

GRID FORCE AND MOMENT DATA
RETRIEVAL PROGRAM
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PROGRAM RFTIGRO (THPUT OUTPUT«TAPES=INPUT s TAPFA=OUTRPUT < TAFE | M)
C PRNGRAM TN RFTRTIFVF RANNOM RUN NUMRERS FROM THF 2e
c GRIN TaAPF
c 4.
¢ e
NIMENSTION  KI(2A) ¢+ THNR(25) «IPTRE1I0N) S ITITLE (3) «RUNNO (1 0N) fo *
NIMFNSTON TCONF (7))« ISTORF (3) Te !
C R, .
DATA TCARD /4HGRIN/e TTAPF /Z4H GRT/ Qe
C 10, a
C 11. )
c RFAN TAPF TITLF AND RUN NOS. 12. :
c 13. '
RFAN (S¢1000) TTVITLF le, f
IF (ITITLF(1) .FQ., ICARD)Y GO TO 2n 16.
WRITE (A2000) (ITITLF(I)el=1e V) 16,
STO™ 17.
20 CONTINUF 1R,
READ (1041010) IHDR 19, i
IF (IHDR(?2) FQ. TTAFF) GO TO 40 0. )
WRITF (/420101 (THDR(I)eIz1,25) 4
STOP ??. :
40 CONYINUF 23,
RFAD (541020) N Phe
REAN (R41030) (KUNNOD(T)oI=1eN) 75
WRITF (642020) (T«RUNND(T)oI=14N) Pt |
C 27, !
c SORT THF RUN NOS, AND THF POINTFRS TO THF RUN NNS, FI
¢ 2q, i
NO A0 1= 1N 0.
1PTR(IY= 1 .
&0 CONTINIF 2.
IF (N LF. 1) GO TO RS 3.
N1z N-1 6.
NO AN T=1.N1 5.
11= Te} 1.
DO 80 J= 11N 7.
1F (RUNNO(IPTR(])) «LFe RUNNMOLIPTR(J)))Y GN TO RO IR,
ITFMP= JPTR(I]) 19,
IPTR(T1Y= IPTR(J) “n,
, TRTR(J) = TTEMP al,
' an CONTINIIF 4?2,
' AS CNNTINUE “3,
. C 44,
C SFARCH TAPF FOR SORTEN Rin NOS. s,
C “h,
v REAN (1041040) (R(J)aT=]e2h) 47,
NLNRIINE 0,0 4R,
. DO YAN T= et W£Q,
) (s “0,
C 0N WHILF DFSTREN RN NO, GRFATED THAN TAPE QUM MO, “).
c L
‘ 100 CONTINIF 03,
t 1€ (QUNNO(TIBTw (YY) 1T, AL Y 10 1m0 Sae,
3 TF (R{]) A, BONMACIRTRIINI) (O TO 1en o, e
[ TF (M) LF0, DEDRIM GO TO )20 ah.
J C “7.
! C WHITFE HEANTANGS FhOK NEw RON 1O, L I
c NG, <
' CALL MO FTe (H(10) 1F0f e JSTORE ) T
\ WETTE (e e 2000 (IHDW 1)) o )] e2%) ~1,
= THitNz el ]) ~2,
N WRITE (4420601 TRONGITCONE (J)adzl e ) (ISTOLEC ) e dzTa ) ~,
v 1T [ LI B SRR N NPT I S IR a2 I S B A R R R L BT PR b e
i
230
'
L
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Wt tse2060) i,
ALNRON= b ] L
120 CONT I NItE ~7,
BH,
wWRITE NnaTa ~S,
N,
WRITF (Ae2070) HLT)1)eR(1T)IeHR{1IR)I«HBILIB)IWR(16) T1.
1 (RlJ) ed=12s14) e (HUJ)eJZ2]1e7A)eR]1G)eR(70) 2.
140 CONT TNUFE 73,
RFAN (101040) (R{J)eJ=1+26)
IF (FOF(10)) 2004100

160 CONTINUF T6.
T7.
FND OF FILF OR ALIL DFSIRFN RUN NOS, FOUND 18,
79.
200 CONTINUE A0,
RFWIND 10 Rl
A2,
/3,
¢ o RFAD FORMATS A4,
RS,
1000 FORMAT (1344) Ak,
1010 FORMAY (2544) RT.
1020 FORMAT (15) AR,
1030 FORMAT (AF1N,N) Rg,
1040 FORMAT (1P10F127.5) an.
9].
¢ o WRITF FORMATS 92,
93,
2000 FORMAT (1HN.SXe]TH® @& ® FRAOR & & =, Q4.
1 ITHINPUT CAQD NOFS NNT SPHCIFY GRID DATA / Qa,
2 8Xs VIHCARD TITLF=e A4) Qh,
2010 FORMAT (1MNe SXe]7H® & & FQROR & o &, 97,

1 I7HTAPE TITLF NOFS NOT SPECIFY GRIND DATA /
? SXJ1YHTAPF TITLF=2,s 25A4) Qq9,
2020 FORMAT (1H]1 <1 THINPUT RUN NUMRFRS / 100,
1 2XeIHI«AX G THRUN ND, /7 (I1Xe12.F10.21) 101,
2030 FORMAT (1H]e1YeP%NA4) 102,
2040 FORMAT (1HNIN s THRUN NO L« 7X s 20HPARENT CONF IGURATION, 1013,
1 1SX«RHSTNRE, 7/ 104q4,
? BXeTVeRXeTAGeTY e 304D} 108,
2080 FORMAT (1HN«17XeA4HR®a80 FREE-STRFAM CONDITIONS #eeee, / 106,
1 4XaoHMACH 4X e P T o AX o PHTT o TX e THP ¢ TX o IHT o TX e 1HV o TX o 107.
? 1HNGTIXSHRF /F T / 10A,
1 BN e PHND eG4 X 0 arPSF A X g AHNE G (W) e IX e HPSF Ae 1K e 109,
G AHNFGIRY ¢ 2X o AHF T /S C 6 X o THPSF ¢ ARG AHFT (=1) 7/ 110,
C PUYeFALTAFR Lk T 2ot N0y 1M1.
2060 FORMAT (THNGAX2D1He®08s MOINF| [HIATA esosse 112
V X eGHALPHA AN o SHAL PHAC IXa4HHF TAGG N ¢ 6HMDTHA GG X ¢ 4HNDPHT / 1113,
P QX GUHPAR GG X G EHSTNRE o IXN eSS TORE o AX g HHSTORE ¢ 30 ¢ QHSTORF & 114e
T X G PHXP e S X a PHYE g X a4 /P /D g X g DHIP g AX ¢ PHOY oA Y o IHCAT . 116,
G RY Qg AHCL MG o IO Mg mX g 3T L ol e IHY( M ahRe IHY(PR / 116,
6 BXy AHNFB QL lE Gt e T (et X e D1t (heS X o IHNE (Les X,y 117,
A PHINGEX ¢ 2HTM AN T s aiNTAMS s o X e G [ AMS ) 11K,
2NTN FOOMAT (1XaRI2XeF R, D) e (20 abh ) ob (27X aFhad) e’ t2¥efF 7,30 119,
120,
171
STno 127
F N 17234,

231
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GUROMIT IME CONE [6 (G, TPONF o TS TORE )

NECTIPHFR Tk COMNETIGIATTIOG CORE AKD SET P a5 AL D=ANHFTC

ARRAY FOR TrF COMETRICATTINON AMD Tap STORF

NIMEMCTON T (1Y o TCONE (7)o 1S(7) « [STORE ()

NATA I0 Z761F -4l 4HePToe 4HT o (Se 442 )lee 4HZ)F e
1 4HPT o aMl e GH2)11I1 o 4H(ST) e aHU « GHF .
P 4HPC Lo 4HMF PO GHPIF o GHTIMe (s 4aHSP2IF e GHe (ST
3 ¢HYF o« GHNONF 7

NATA 1S /76HMK=R, 4HIMF ¢ 4HIoMlle 4HIeAF e 4HTIAU
1 4HPRNORe 4HE /

NATA TRLANK /4H ’

IF (R FQ. 610.0) 8= 9l.0
MB= R

MY= MON (MR, 1N}

MX=z MR/10

CASF CONFIGURATION
CASF X=0

IF (MX NF, N) GO TO &0
ICONF (1= IC(19)
NN 40 1=247
ICONF (1) = [RLANK
40N CONT INUF
GO TO 150

S0 GO TO (60+T704ROQ041NN«1100120e]lINs]14N) eMX
CASF Xx=1

60 CONTINUE
1CONF (1)Y= TC(1)
NO AR (= Pe7
ICONF (1) = THLANK
(35} CONT INUF
60 10 1580

CASF x=?

T0 CONTINUF
ICONF(Y)= T1C(Y)
TCONF (2)= TC(A)
NN 78 T2 3407
TCONF (1) = [TR| ANK
78 CONT INUF
6N TN 180

CASF x=3

RN FONTTrHIF
TEONF (1) ey
1CONMF () 1re>
1e0F (Y= 10
NY a8 fTzae?
1FONF (1) = THL AMR
1N CONT JHIIF
AN TN &N

232

200,
2N .
P
/N3,
e,
?n'\.
FALI
207,
/NA,
2nq,
210,
?l1.
2l2.
2113,
2l4.
215%.
?"‘.
?l70
21R,
2149,
220,
P21,
PP?.
223,
Plb.
22%.
276,
P77
7°R,
279,
230,
23,
232,
233,
?—‘6.
235,
236,
237,
2,
219,
240,
Pele
2627,
26,
Pbb,
248,
246,
fet,
rE N
luti,
2NN,
1
PhPe.
753,
A4,
°hh.
Il TS
R N
LR,
PRQQ
Pl NS
ctle
Pdalel




e N alal

[Nl

[aEnXEa)

[aNala)

[ale el

CASF X=4

an CONTINUE

a5

9k

100

108

110

120

130

138

1356

NN af =13

ICONF(TY= 1CCT)
FONT INUF
[COMF (4)= O LR)
NO QA 1= 5.7
TCONF (1) = TRLANK
CONT INUF
GO TO 150
CASF X=S
CONT INUF
NN 105 1= 1.4
ICONF(T)= TIC(D)
CONT INUF
TICONF (R)= [C(9)
TICONF (K)= IC(10)
TCONF (7) = TRLANK
G0N TO 150
CASF X=6
CONT TMUE
NO 115 Tz 1.3
ICONF(T)=1C(T)
CONT INIF
ICONF (4)= TC(S)
TCONF(5)= 1C(9)
ICONF (R} = IC(T1)
TCOMF (7) = TRLANK
6N TO 150
CASF x=7
CONT INUJE
ICONF (1) = TCOY1)
IcONF(P2)= 1ICO12)
ICONF ()= IC(2)
ICONF (4)Y= TC L)
ICONF (8)= TC(S)
ICONF (AR) =z TC(9Q)
ICONF (7)== TC(Y D)
G0 70 160
CASF X=z=AR
CONT INUF
NN 1318 1= [e3
IFONF (T)= IC(T)
CONT INUF
ICONF(4)= ICH14)
NO 136 1=z &7
ICONF (1) = [HLANX
CONT TNUF
G TN 180
CASF x=9

140 CONT TN

1rOMF () = ifll)

NWC TP 6210

233

2h3.
2hé.
2h5.
Phb,
°hT,.
26HR,
PR,
210,
271,
2r2.
273,
P74,
275.
2Th,
277.
27R.
279,
220,
PHl.
PR2.
2R3,
PR4 .,
2RSS,
2R6,
PRT.
PRA,
219,
290.
291.
792,
293.
796,
29%.
296k,
797,
29R.
299,
300.
301.
302
103,
na.
ns,
3neG.
3n7.
308k,
ing,
30,
311,
2.
313.
34,
I8,
316.
37.
IR,
4,
120,
3P,
77
3213,
Ilu,
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TCONF(2)= 1C(2)
TFONF ()= 10 ()% 326
ICONF (4)= 10 (16) I’7.
TCONF(S)= [C(17) 3ok,
1CONF ()= [F ()R) 329,
1CONF (A) = 1€ (1K) 3in,
ICONF (7)== [HLANK 1],
C 332,
C FND CASE CONFIGURATINON EER S
150 CONTINUF E RIS
C 314, .
C 33k,
C CASF STORF 337,
C 3R, X
ISTOARF (1) = 1S(1) 319, i
ISTORF (3)= TRLANK 140,
GO TN (17061R0419Ne2NNe210220+230) s MY 3al.
C RLY S
(o CASF v=1 343,
C Y44,
170 CONTINUF 45,
ISTORE (P)= 1S(2) 346,
6N YO 240 JaTl.
C J4R,
c CASF Y=? 49,
C 460,
1RO CONTINUF ISt
ISTORE (2)= 1S(D) KLY
GO TO 240 393,
C %96,
¢ CASF v=3 i85,
c 396,
160 CONTINUF 367,
ISTORF (P) = T1S(4) 35A,
GO TO 240 159,
C 3IA0.
C CASF Y=4 Ih].
C 362.
200 CONTINUE 13,
ISTORE(2) = 1S(5) 3Iha,
GO TO 240 365,
C RLT¥Y
. C CASF Yz5 InT.
' c IAR,
: 210 CONTINUF 169,
' ISTORE (1) = 1S (A) arn,
ISTORE (P21 = 1S(T ERATN
e 60 T0 P4n 372,
» c 3713,
C CASF Y= & 174,
& 220 CONTINUE 375,
ISTORE(?)= [S(2) LR LN
60 TH 240 377,
H C IR,
C CASF v=7 179,
230 CONTYINUF aan,
ISTORF (2) = 1St R,
(‘ ’“l’.
C ENR CASF STORF N,
C A,
240 CONTINUF jag,
C MR,
RF THRN n7,
[231a] Fum,

234
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Appendix C

FLOW FIELD DATA RETRIEVAL PROGRAM
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PROGRAM RFTFI O (TMPHT JDUTPUT «TAPES=INPUT « TAPFA=QUTPUT«TAPF10)
PRNARAM TO RETRTEVE RANDOM RUN NUMRFRS FROM THE
FLOW FIEILD SURVFY TAPF

NIMFNSION R(2A)«THNR(?8) «IPTRI100) «ITITLF (3)4RUNNO(ION)
DIMFNSION TCONF (7)«TSTORF (3)

NATA JCARD /4HFLOW/e TTAPF /4H FLO/

REAN TAPE TITLE AND RUN NOS.

READ (541000) [TITLF

IF (ITITLE(1) .FQ. ICARD) GO TO 2n
WRITE (6+2000) (ITITLE(D) oI=1e3)
STOP

CONT INUE

READ (10¢1010) THNR

IF (THDR(2) FO, ITAPF) GO TO 40
WRITF (Ae2010) (THDRITY«1=1475)
SYOP

CONT INUF

RFAN (S+1020) N

RFAN (541030) (RUNND(T)«T=1eN)

WRTITE (642020) (14RUNNO(T)aI=1eN)

SORT THF RUN NOS, AND THF POINTERS TO THE RUN NOS,

ND AN = 1N .
1eTR(I)= 1
CONTINUE
IF (N (LF. 1) GO 1O A8
NY= N-)
nO AN T=)eN)
Ti= Te)
NN AN U= T1.N
TF (QUNNOTTPTRI(T)) JLFs RUNMOCIPTR(J))) GO TO AN
TTEMPz [PTR(T)
IPTR(TY= TPTR({Y)
IPTR(JY= TTFMP
CONT INUF
CONT INUF

SFARCH TAPF FOR SORTFND RHIN NOS,
RFAN (10e104N) (R(I)eT=]1e2h)
OLNRIIN= 0.0

N0 160 Tz leN

NN WHILF NESTRED QUM NO, GREATER THAN TAPF RUN MU,

COANT TN
TE (RUNHOLIRTR(T))Y LT, (1))} 6N TO 140
TE (R1) JNF, RIINNOITIRPTRETIIY GO TO Yaun

TF (R JFN. NLORIINY 60 TO 120
WRITE REANTMG FAR NEw RUN MNO,

Call COMFIA (LRE1N). 1COM « ISTNRF)
WRITE (Ae203I0) (T=NR(J)ed=1ep8)

TRIIN= A(])
WRTITF (Ae?N4N) TPUNGITCONF(J)ed=10T7)
W lTE (6420801 (2ig)e )22ea)t o (R J)ed=thar)areln) amt()

236

P4,

’Q,
i0.
it1.
2.
113,
4,
35,
16.
17.
3R,
19,
40
al.
47
e,
G4,
45
46,
4T,
4R,
49,
“f,
Sl
P
3,
“a
LY
Le,
7.
L,
€9,
an,
qle
AP
“3.
X




120

[aNe el

140
160
C
C
C

200

[aEaXaXal

1000
1010
1020
1030
1040

C
C
C

2000
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WHTITE (~eP2080) HA(11)eRI(2A)

WRITH (#~420K0)
NLNRIINS R(])
CONTINUF

WRITF DATA

WRITE (/Re20T7N0) (KHI1J)eJZ12014) «R(16)RIIG)RI2G),

1 (R{J) «Jz1T7¢20)3R(2A)«eR(24)4Q(22)eR(2])

CONT INUE

RFEAN (10+41040) (R(J) e )=])e26)

IF (FOF(10)) 20ne100
CONT INUE

FND OF FILF OR At1. DESTRFD RUN NOS.

CONT INUE
REWIND 10

+ ¢ RFAD FORMATS

FORPMAT (344)
FORMAT (25A4)
FORMAT (18)

FORMAT (ARF1N,.N)
FORMAT (1P10F12.5)

¢ ¢ WRITE FORMATS

FORMAY (1HDsGXs]TH® ® & FRROR ®* o @,
1 SORINPUT CARD NOFS NAT SPFCIFY FILOW FIFLD SURVEY DATA /

? SXeo 1IHCARD TITLF=4 A4}

FOUND

2010 FORMAT (1HOe SXe)7H® » & FRROR & & &,
) SO4TAPE TITLF DOFS NOT SPECIFY FLOW FIELD SURVFY DATA /

2020 FORMAT

20130
2040

2050 FNRMAT

2nAn

2070 FNRMAT

N Uy~

? SXG1IHTAPF TITLF=e 2544)

(1H1« 1 THINPUT RUN NUMRFRS /

1 P2XelHIGINGTHRUN NO, 7/ (1Xe124F10.2))

FORMAT (1H1e1XeP5A4)

FORMAT (YHNe /7 AX¢THRUN NO,L o TX 4 2NHPARFNT CONFIGURATIONS

1 SXel34AXeTAG)

IHN e TXSHRF /FTe 7/

EX ¢ PHNQ e 4 X o 4HPSF A4 AN LAHNFGIR) ¢ IN 4 4HPSF A IX e
ECHNEG(R) ¢ 2X s AHF T /SFC o X o IHPSF a6 X o AHFT (=]1) 7/
PXFB.IehFR I FT, 26H | NO4)

(1HDs 17X e 60HO208® FREE-STRFAM CONDITIONS canea,
GX e 4HMACH s G X o PHP T o AN ¢ PHTT o TX 0 IHP TR o THT ¢ 7X e JHV 4 TX o

FORMAT (JHNe4 IXePTHOSaee FLOW FIELD DATA sssse

PARR RV I

FHNF G e b X e IMNF (21

EX e P2HXP ¢ SX e PHYP ¢ BX o PH7P ¢ X ¢ BHALP ¢ AX ¢ IHS I Go
OXe4HALPT 45X ¢ IHPHT ¢ 4 X e 4HVX/V e Xe4HVY/ Vet X
GHVTZ /V a4 X e MV /VaBX e PHML (SXe6HOL /e o X o AHPTP /P T,
/O ARG PHINGSY e PHTM e EX g PHINGOX o IHDFGeSX o IHNF oS X o

20RN FORMAT (1HNeIX.1PHAlI PHA  BLPHA / GXe]]HPAR

-

1 SYLINHNFG NFGe 7 4XoaFQP202KeF5%,7)
STNe
FNO

237

PRNRF /

/

(AN F R Pe 2Nk R, D) g JUPNGFF a2 aPKebF T2 (PY0FALI))

/

S,
hE,
67,
AH,
69,
70.
71.
724
73.
T4,

77.
78.
79,
A0,
al.
R2.
A3,
A4
RS.
A6,
AT7.
RA.
RG,
90.
9l
Qz,.
Q3,
Q4.
as.
9K,
Q7.
QR,

100.
101.
102,
1030
104,
106,
106,
107,
10R,
109,
110.
111,
112«
113.
114.
115,
116.
117.
llnt
119.
120,
171,
1227
123,
124,
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SURROUTINF CONF TG (R, ICONF ¢ I1STOKE)

DECTPHER THFE CONFTGORATION CONF AN SFT 0P AN A PHAKFTC
aARRAY FOR THF CONFIGURATION AMD THE STORF

NIMENSTON TC(18)«IrONF (T IS(T)aISTURE {3)
NATA TC /74MHF=4Cs 4HePTee 4HT o (Se arPllige aHPiF 40

1 4HePT o 4nHT o« GHIY 4 4HI{SA) e arl) 2 GHF .
? 4HPCL s GHF PNy 4H2IF & 4HTMe (s 4HSP)IFe 4He (ST,
A SMIF /

NATA TS /4HMK =R,y 4GHI¢MF e 4HIeMUs 4HIeAF e 4HTIsALe
4HPRNRs 4HF /

NATA TRLANK /4H /

IF (R +EQ. 610.0) Rx Q1,0
MRz R

MYz MOD (MR, 1N)

MX= MA/10

CASF CONFIGURATION
CASF x=0

IF (MX JNF, 0) GO TO S0
DN 40 1=147
ICONF (T)= 1RLANK
CONT INUF
G0 TO 150

G0 TO (60eTN0eANOINGINNe110412001304140) ¢MX
CASF x=]

CONT INUF
IFONF (1)Y= [C(1)
N A8 1= 2.7
ICONF (1)Y= YALANK
CONT INUF
60 70 150

CASF x=p

CONT INUF
ICONF(1)= 1C(])
ICONF ()= [r (k)
0N 15 1= 347
ICONF (1) = TR ANK
CONT INIIF
60 TO 180

CASF x=13

COMTY TMIE
TeOMFEYY= 1Y)
TCONF(2)Y= fr(2)
1TENNF (V= 10 ()
NN RAR Tz447

TCONF (1) = Tw| ANK

CONT INHIF
AN TN }&n

CASE Y=4q

COMT TN
N a8 T=].7

238
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200,
2N,
2ne,
N3,
204,
205,
Phk,
07,
2NA,
204G,
210,
211,
2t2.
213,
214,
215,
Plt.
P17,
218,
219,
2P0,
2?1
PP7.
223,
P4,
2?5,
2726,
2?77,
27R.
279.
230,
231,
232,
213,
24,
23Q.
P
237,
23R,
23q,
260,
4l
P4r.
2473,
P44,
245,
rak,
cul.
24R,
249,
250,
51,
%2,
2513,
254,
255,
ral a1
P57,
2SR,
°ohG,
260,
Pl
hee
284,
Pha,
20t
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100

106

115

120

130

138

[raNF(TY=z T0(T)

CONT INUF
TAONF (4) = TC(R)
NN ok 1= &7
ICONF {T)= 1Rl ANK
CONT INUF
6N TO 150
CASF Xx=§
CONT [NUF
PO 105 1= leb
1CONF (1) = TCHLT)
CONT INUF
ICONF (S)= [C(Q)
ICONF(6)= ICO1ID)
TCONF (7)= TRLANK
GO TO 150
CASF X=6
CONT INUE
NN 115 I= 143
ICONF (1) =IC(T)
CNANT INUF
ICONF (&)= 1CI(S)
TCONF (&)= 1C(9Q)
ICONF (R)= IC(]11)
ICONF {7)= TRLANK
GO YO 150
CASF Xx=7
CONTINUF
ICONF LY = 1C (1)
ICONF (2)= JC(12)
ICONF ()= 1C ()
IFONF (4) = 1C(3)
ICONF (8)= [C(R)
TCONF (&)= 10 (9)
ICONF(T)= TIC(13)
GN TO 150
CASF X=R
CONTINULE
PO 135 1= 163
ICONF ()= 17 (T)
CONT INUF
1CONF (a)= TC(14)
NO 136 1= &7
JCONF (1) = TRLANK
CONT INUF
AN 1O 180
rFASF Y=Q

140 CONTINUE

1rOBE (Y)Y T 0
tEOMF (2 = Tr (™)
TPONF () = Tr(16)
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239

L4

Phbe.
°nT.
PhR,
7hQ,
270,
271
272
273,
2T4,
275,
276.
277,
278,
279,
2RN,
°R1.
2R?.
2R3,
PR4.
2R%,
PR6.
2R7.
PRR.
2R9,
290.
291.
29?7.
793,
294,
205,
296,
297.
298,
299,
300.
301,
ne.
303,
30a,
ans.
ANk,
n7.
inR,
304Q.
310.
3.
317,
313.
314,
NSK,.
316.
n7z.
I,
319.
3P0,
3?1,
372,
373.
374,
246,
326,
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150

170

1R0

190

200

210

2?70

230

POy

IFONF (4)= 1R (TR)
TCONF (S)= TCI)T)
TCOMF (A} 1€ C1R)
TAONF (7) = 1830 ANX

FNN CASF CONFIGHRATION
CONTINUE
CASF STORF

ISTNRF ()= IS(1)
ISTORF ()= [RLANK

NWC TP 6210

GO TO (1T7061RN+19N0¢20042104220230) ¢ MY

CASF v=1

CONT INUE
ISTORE (2)= IS(2)
GN TO 240

CASF v=2

CONY INUE
ISTORF (2)= 1S(3)
GO TO 240

CASF Y=3

CONT INVIE
ISTORE(2) = 15(4)
6O T0 240

CASF Y=4

CONT INUE
ISTARE(2) = 1S (5)
GO TO 240

CASF Y=%

CONTIMUE
ISTORFE (1} = 1St6)
TSTORE (2)= IS(T)
6N TO 240

CASF Y= A

CONTINUE
ISTORE (1= 1S(2)
G0 TO 240

CASF v=7
CONT INUF

ISTORE (PY= 1S ()
FND CASE STOQF
CONTINUE

RF T1iRN
NN

240
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377,
Ionu,
ira.
330.
3.
332,
331,
36,
3135,
336.
337,
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NOMENCLATURE

The following list contains the nomenclature used in
the report except for that used in the model component
designation and in the data tabulations. That nomenclature

is defined in lists in the text of the report.

A Engine exhaust exit area, 7.4662x107°
square feet, model scale

M Engine exhaust Mach number

A Engine inlet area used in data reduction,
Y 1.705x107?% square feet model scale
Cp Capture ratio calculated using Equation (3)
CA Axial-force coefficient, axial force/q_ S
CZ’ CLL Store rolling-moment coefficient, rolling
' moment/q_Sd
Cs crni Store pitching-moment coefficient, pitching
moment/q,_Sd
C 5, LN Store yawing-moment coefficient, yawing
" moment /q_Sd
CV’ N Store normal-force coefficient, normal
. : force/q S
! Coy U Store side-force coefficient, side force/q_S
: N ¥ ©
E " Iy, 4 Store diameter, 0.7 inch model scale j
- ¢, Length of modified afterbody store, 5.723
i ) - inches model scale
E

é ? 1. Free-stream Mach number
; h Q< Engine exhaust mass flow rate calculated using
| : , ’ Equation (2), lbm/sec
{
i . Free-stream total pressure, psfa
P ~ o0

Average static pressure in engine exhaust, psfa

i 241
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NOMENCLATURE (Contd.)

Average total pressure in engine exhaust, psfa
Free-stream dynamic pressure, psf

Free-stream Reynolds number per foot, ft~!
Radial distance, in

Reference area which is store frontal area,
0.385 square inches model scale

Free-stream total temperature, °R

Engine exit velocity calculated using
Eguation (4), ft/sec

Free-stream velocity, ft/sec

Local Yp velocity component, positive in the
positive Yp direction, divided by the free-

stream velocity; also termed sidewash angle,
rad

Local Zp velocity component, positive in the
negative Zp direction, divided by the free-
stream velocity; also termed upwash angle, rad

Coordinate system in which probe static
pressure taps are located; origin shown in
Figure 5

Coordinate system in which store nose is
located; origin shown in Figure 5

Assumed flow separation location on store body
measured from nose, in

Store vertical position relative to attached,
or carriage, position; equal to Zs/D

Angle of attack of the probe, deg
Angle of attack of the store, deg
Store rolling angle, positive clockwise looking

upstream and measured relative to fins 45
degrees from the vertical and horizontal, deg
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