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SUMMARY

This report (Volume 1I) presents in handbook rorm & method to
predict six-component captive store airloads for both single and multiple

carriage configurations including the basic airload and the incremental
) airloads due to aircraft yaw and adjacent store interference.
The approach used to develop the prediction téchnique

e P sty e ARG 1 XA 3823

. was an empirical correlation of & large experimentally derived data

bage and is discussed in detail in the technical summary report, Volume I

of this document.
The handbook is organized as folliows:

el

Initial Airloads Prediction-Section II (Volume 2, Book 1)

Single Carriage-Section III ‘ (Volume 2, Books 1-2) : %
MER Carriage~Section IV {(Volume 2, Books 3-5) ‘
TER Carriage-Section V {(Volume 2, Book 5)

Other Confiwwations~Section VI {(Volume 2, Book 5)

Section II outlines the initial airloeds prediction procedure
for both single and multiple carriage configurations. Final captive
store airloads prediictions for single, MER, and TER configurations

DA BTN (e fe w Nt B R , et uen Sl et

are presented in Sectiocns III, IV, and V, respectively. Seection VI
contains recommendations for applying the results contained in
this handbook to configurations for which the prediction methods

PP SR S

do not directly apply and to configurations that may arise in the

future due to new carriage rack designs.
The ranges of Mach numbers, angles of attack, &and ajrcraft

yaw angles over which the method is appl.cable are as follows.
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Mach number degrees degreas f
Single Carriage 0.5 -~ 2.0 =4/12 -8/8
Multiple Carriege 0.5 -~ 1.6 ~h/12 -8/8
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PREFACE

This report was prepared under the sponsorship of the Air Force
Armament Laboratorv, Armament Development and Test (enter, Fglin Air
Force Base, Florida, under Contract Number F08635-73-C-0170 (Project
No. FY7621-72-2G001). The cognizant Air Force technical monitors cn
the program were Messrs. Robert A, Hume Jr. and Charlie D. Turner, Jr.
The work was performed by Vought Systems Division of LTV Aerospace Cor-
poration, P. 0. Box 5907, Dallas, Texas 75222, Principal investigator
for this program was R. D. Callaher. Principal technical personnel
were: A. R. Rudnicki, Jr, E. G. Waggoner, Jr., and C. T. Alexander.

This effort was conducted during the periods from 8 January 1973 to 30
June 1975.

.This report consists of two volumes. Volume 1, the technical
summary, describes the program and approach used to develop the prediction

technique. Volume T11, the user's manual, consists of five books. This
is volume TI.

This technical report has been reviewed and is approved for
publication.

FOR THE COMMANDER

. pad ’
S, . . I
(Ot - ‘?//5 S AN
WILLIAM F. BROCKMAN, Colonel, USAF
Chief, Munitions Division
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SECTION I

: r INTRODUCTION

Tre purpose of this handbook is to provide the aerodynamicist,
] the armament design engineer, and others associated with aircraft/

E’ ' ' stores compatibility problems a technique for calculating captive
airloads for individual stores caerried singularly or in multiple
arrangements over a broad range of tligut conditions for a generalized

R s RO e

aircraft/store configuration.
Because there are many parameters that affect captive

LY

store loads, any prediction technique capable of including even the
dominant factors will be lengthy. The technique presented here ) 1
provides data to include these dominant factors, but the procedure

: ) is outlined in a systematic manner to facilitate a simple’ step-by-step %

. approach to predicting captive store airloads. A description of the 4
- derivation of this method is given in the technical summary report, £
203 Volume I, 3
% . The developed prediction method for single carriage con- 5
? figurations is valid over the Mach number range 0.5 to 2.0 while the 3
E | method for multiple carriage covers the Mach number range 0.5 to :
E 2 ' 1.6, Both single and multiple carriage techniques apply over an: i
E %’ angle of attack range of -4 to 12 degrees and for an -aircraft yav ;
% ' anglé range of i8 degrees. Provisions are included in the prediction L
g;l techniques for both single and multiple carriage stores to encompass i

the effects of store spanwise, chordwise, and vertical position

N L e Y
A
N
. .

{0

-
b

beneath the subject aircraft wing, Parameters are also inclvded i

£y

to account for aircraft wing sweep angle (quarter-chord sweep
engles of 30 to €0 degrees) and the interference effect of the
aircraft fuselage for high wing &ircraft: The single carriage

- prediction technique has been developed for wing-mounted stores
dueé to the absence of sufficient single carriage data for fuselage-
mounted stores; however, Section VI contains some suggestions for
predicting the single carriage fuselage centerline case. The MER/
TER prediction technique is based on & fully loaded rack for

A%

»j~m_J{“§ § ek

B A I
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similer reasons. Suggestions for predicting the airloads on cther
multiple-configﬁrations are included in Section VI, The techniques
were developed predominately from a finned store date basé and s

degradation in accuracy for unfinned stores can be expected, parti-
culerly vhen computing moment terms.
Development of the prediction technique was approached ;

as an empirical correlation of existing individual store airloads ,
date combined with parametric-iype wind tunnel data obtained through :
& tést program specifically designed to compliment the existing

airloads data. The data were combined to form thé basis for ) E
F - the enp;ricnl correlation. The wata forming the empirical base
for the predi¢tion technique were obtained with the stores in a 2°

LY

nose down attitude with réiapect to the airéraft wing chord

. -

plane. The accuracy of the predictions coritained in this handbook wili
be affected if the store/wing relationship is sighificantly dif-
3 . ferent (2° or more). Predictions contained in this handbook are
based on aircraft waterline angle of -attack.
Analysis of the date base indicated that each component

Al

e

‘

could be satisfactorily approximated by a linear curve over a large i 3

range or aircraft angle of attack and yaw angle. As a result, the ji
3 data base was linearized so that each airload comiponent could be H
3 } expressed as & slope (force or momént as & function of angle of attack)
_and an intercept at zéro anglé of attack. As & result of the linearized
data base, all predictions are accomplished in the foffi of a predicted

= Laﬂ»-.‘nhm*k P

\;(:t" el
- v

has been previously accomplished in the area of free streanm

23 slope and intercept for each of the airload componerits. Beécause ;3
Eﬂ: of increasing non-linearity at the larger aircraff angles of attack }f
éf’ and yav angles, signf{ficant errors are likely outside the range of %f
g; applicability indicated for these variables. 13
Eu The basic approach involves the concept that captive -
E% store airloads are %Hé*result.dfreprsg;g to 8 flow fie;ﬁrfbgtegented l
: 1 by free stream conditicrs plus the interference effect of the aircraft,

% : suspension equipment, and other stores. In this way, work that

a
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aerodynamic predictions can be used as a base upon which to relate
captive store aerodynamics. This permits the prediction procedure
to be a summation process as indicated below.

Captive Store Airloads = Isolated Store Airloads + Interference Effects

In order to predict the captive airloads on the aircraft/
store configuration, a starting point is réquired. The starting point
is called the initial prediction. It is so called bhecause it involves
assuming the store is in the flow~field of a base wing (45° sweep)
configuration at a specific spanwisé, chordwise, and vertical location.
The final prediction then applies empirical corrections to the initial
prediction to compensatée for differenceé between the subject aircraft
configuration on the base wing -as well as to account for the effect
of the store being in the spanwise, c¢hordwise, and vertical location
of interest, Figure 1 illustrates this approach.

The initial prediction of theé captive airload is always
made at M = 0.5 by assuming the storé is inserted into the flow-field
of the base wing (45° sweep). The initial predictions of the slope for
side force, yawing moment, normal force and pitching moment at M = 0.5
are the result of a summation procedure along the store length when
placed in the wing flow-field. The details of this initial prediction
procedure are presented in Section II, The axial force and rolling
moment initial predictions are made using a different approach which
is also discussed in Section II.

The summation procedure is used to make the initial pre-
diction for the basic airload case (i.e., the captive<stor;
airload generated by a zero-yaw pitch excursion of the parent air-
craft). The incremer 31 captive airloads due to aircraft yaw and the
effects of adjacent store interference are predicted as increments
to be added to the basic airload. The effects of Mach number
are treated as an increment to be added to the prediction at
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M = 0.5. At a particular Mach number the total captive airload

experienced by a store can be obtained from the following generalized
coefficient expression:

c* 2 cx + ACXB “ B+ Acx
TOTAL BASIC INTF
where:
X - ¥y Ny N, my A,  representing side force, yewing

moment, normal force, pitching moment, axial
force, and rolling moment, respectively.

Cx - Basic captive airload generated by a zero yaw

BASIC  pitch excursion of the parent aircraft.

cx - Incremental airload due  to aircraft yaw per degree
store yaw angle, B.

g - Store yaw angle: equal to wA/c,fOt a right wing

store-fnstallationxdnd‘~wkfc for a left wing
store installation..

Acx - Incremental airldad due to the effects: of adjacent
INTF store interference..

Empirical corrections have been derived from the: data
base to. account for the effects: of sponaise@ chordwise, and vertical
position of the csptive store. Corractions are also included for
other variables. The fina) predictions resulting from the com=
binaticn of the initial predictions (Section II) with the empirical

-corrections are presented in the sections listed below.

Single Carriage - Section IIL
MER Carriage - Section IV
TER Carriage ~ Section V.
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Additionally, recommendstiona for treatment of configurations not
conforming directly to the single/MER/TER rack designs outlined
in detail in this handbook are presented in Section VI to provide
additional versatility.

Figure 2 presents a guide in flow c¢hart form which is
to be followed when performing & computation for a desired store
loading type.
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. Erom conmnon]’
[mmm STORE ARRODYNAMICS |
l i
INITIAL PREDICTION FOR B@SE f
; WING/STQRE CONFIGURATION ;
‘Base wing - 45% quarter-chord. sweep angle :
E'Store‘ position - spanwigse -1 = 0.5 i
% vertical - z/C = .15 ‘
% . chordwise - carriage *
: position of interest. :
{ k —J:
FINAL PREDICTION :
Bapiricel corrections to initial i
. prediction to arrive at ’
‘aircraft/store configuration of interest .
3
B
!
Figure: 1. Captive Airloads Prediction Procedure | 1
|
3
i1
i
6 |
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STORE CAIRIAGE TYPES

|
iy |
INITIAL PREDICTION {
Section II, Page 8 %
R |
\ |
| \ i
1 \ N |
SINGLE MER TER
FINAL PREDICTION FINAL PREDICTION ' FINAL PREDICTION
Side Force Side Force B All Components
Subsection 3.1 Subsection 4,1 || [Bection V, Page 1089
Page -9 Page 385
Yaying Moment | Yawing Moment 1
Subsection 3.2 Subsection 4,2
‘Page 102 Page 523
Normal Force Normal Force d
Subsection 3.3 Subsection 4,3
Page 174 Page 653

Pitching Moment

Pitching Moment
Subsection 3.4

Subsection U, b4

Page 257 Page 600 :
R o

Axisl Force : Axial Force

Subsection 3.5 ] Subsection k.5

Page 341 . Page 929

Rolling Momént | | Rolling Moment

Subsection 3.6 Subsection 4,6

Page 365 Page 9L6.

Figure 2. Flowchart for Captive Airloads Prediction
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SECTION II ‘

INITIAL AIRLOADS PREDICTION

‘The iaaic technique used in the :prediction -of individual store

3 . L
- captive airloads involves an initiasl captive airloads prediction for the q
?7 subject store.' This initial prediction is then ¢orrected for the influ- 1
1 encing parametérs of the store/aircraft configuration by various factors 3
. » 3

and increments, yielding the final airloads prediction. Detailed descrip-
tions of the initial airloads prediction methods are included within this

T,

section. -
The methods used for the initial predictions of the force and

e

moment components acting on an installed store can be separated into

Lo

' three categories depending on the airload component being considered. i3
% These categories result because of the different basic approaches used in : ié
1 the cofrelation development for the initial airload predictions. The 3
principal category encompasses the approach used for prediction of the
variation in ‘normsl force, side force, pitching moment, and yawing

moment with angle of attack. The two remaining categories include the :
‘separate approaches to the initial prediction of axial force and rolling ig
momefit components. Included in this section is a thorough discussion of

each approach; however, an overview of each approach 1s presented
before the technical details are discussed.

Initial predictions for captive normal force, side force,
pitching moment, and yawing moment use isolated store characteristics as : ;
& base., These ‘are predicted using Reference 1, This prediction method : 3
accurately predicts 1ift charecteristics of wing/body combinations. ‘
Through this method,the aerodynamic chdracteristics of the individual
components (wing, body, ndse) of the store are predicted, including the
mutual interference effects. Hence,it is possible to determine the
relative 1ifting ieffectiveness of the store components as well as the .
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5‘ 11t characteristics of the totdl store in a uniform flow=field.

g, ‘ Once the isolated characteristics and relative lifting effec- I
é | tiveness of the :store system have been determined, the initial captive o
E . airloads can be predicted. The subject store is then assumed to be

;
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immersed in the flov-field of the base wing (45° sweep) at the
mid-semispan location. Longitudinally, the store is placed in. the
same location as the actual captive store and the local wing chord

is assuméd to be the seme length as the chord at the captive pésition.
Knowing the flow-field characteristics of the base wing presented

in Reference h. and the relative 1ift effectiveness of the store
components, a quasi-integration yields the initisl predicti~.a.

Throughout this report fin and wing are used interchange-
ably in referencé to store lifting surfaces. When reférring to
aircraft wings, an attempt has been made to adequately distinguish
the aircraft wing to avoid confusion,

Included in Reference 2 is a method which is used to predict
isolated store drag characteristics.. Through estimating store skin
friction drag, wave drag, and base pressure drag a prediction of store
axial force at zero store 1lift is made., Skin friction drag is estimated
.48 -a function of Mach number, Reynolds number, and store wetted area,
Using the skin friction drag and the ratio of base diameter to maximum
body diameter, an estimate of the base pressure drag is made. Body
shape and Mach number are used to estimate wave drag. This prediction
for the isolated store is used along wfih an interference increment
due t6 installing the store in the captive location es an initial
prediction of installed store axial force at a=0.

Isolated store data are not used in the prediction of captive
store rolling moment. Detailed examination of available captive store
airloads data showed that captive rolling moment was primarily a
function of the total fin area of the subject store. A technique w28
developed to initially predict rolling moment variation with angle of
attack and the value at a=0 using only fin area of the installed store.

The following subsections delineste each of the parameters
used in making the initial predictions for the force and moment come-
ponents acting on an installéd store. These include aircraft flow=-
field information,isolated store characteristics and geometric.

considerations, and the detailed force and moment calculation
procedures.

g
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2.1 AIRCRAFT FLOW-FIELD CHARACTERISTICS

The aircraft flow-field data used in the initial force
and moment prediction were obtained from Reference U, Experimental
sidewash and downwash data at various angles of attack are presented
a8 a function of chordwise position at constant spanwise locations
and distances below the 45° gwept wing. Before proceeding further,
definitions of sidewash and local angle of attack, which are the
primary flow ungularity terms used in the prediction méthod, are
‘necessary: Sidewash, ¢, is defined as the difference between local
sidewvash angle, Bx. and sideslip angle, B, positive for outboard flow.
Local angle of attack, az. ig defined as the difference between. wing
geonmetric angle of attack, o, and local downwash, ¢, positive for the
ving chord plane leading edge deflected upward relative to the
resultant flow angulsrity a, (see Figure 3). )

The data from Reference ) wvere analyzed to determine the
variation of al‘and 0 ‘with angle of attack. These data aré presented
as a function of local chord in Figures 4 and 5, Subsection 2,3 shows
the manner in which these terms are used in the initial predictions.
As these angularity data were used as s dbase for all the correla-

tions, for consistency these data should also be used when attempting
to use the method although more definitive data on the sabject
aircraft flow-field may be available,

10
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2.2 STORE CHARACTERISTICS

2.2.1 Isolated Store Airloads Prediction )

Initiai prediction of the captive store force and: moment
components are based on two isolated store airloads prediction
téchniques, Reference 1 and Reference 2. Although various isolated
store prediction techniques are available, these two define parameters
within the computational procedure which lend themselves to the
calculation of store airloads. in & norn-uniform flow-field. The
initial prediction of captive store, normal store, side force, pitching
moment, and yawing moment is tased on the isolated store airload
prediction technique presentéd in Reference 1. Included in Reference 2
is a technique to predict drag at zero 1lift for an isolated store.

This estimate is theh used in the initial prediction of captive store
axial force at a=0., ZXZach isolated store prediction technique is
aiscussed in this section; however, .a more detailed description of each
method is included ifi Ré’eiences 1 and 2. The application of each of
these methods to the initial predicticn is presented in Subsection 2.3,

Presented in Reference 1 is a method for calculating 1ift and
center of pressure characteristics of circular cylindrical bodies in
combination with triangular, rectungular, or trapezoidal wings and/or
teils. The method is valid through the subsonic, transcnic, and super-
sonic speed ranges. Detailed geometric data and wing/fin 1ift charscter~
jistics are necessarv inp: .s. For .consistency, Reference 3 should be -used

to peovide thé isnlateéa /ing aerodynemic data inputs to. Referencé 1. The

geometry of the wings for which Refereiice 3 is applicable {s limited only

to the extent that they must be symmetric about the root chord, have a
straight quarter c¢hord over the semispan and have no discontinuities in
twist. Within Reference 1, factors are defined which are ratics of the
11ft of the various components of the store system (wing, body, nose) to
the 1ift of the wing aluae. These ratiocs, obtained primarily by

slender-body theory, are used in establishing the wing=body interference. .

A metnod is also provided to account for wing-tail interfer}ngco A

3y
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simplified version of the total caloulation procedure is presented in
chart form in the referenced report whiéh reduces the caléulation to
routine procedures. Experimental isolated store data may be used when
. available and are sdvisable when the store gecmetry differs considerably
from geometry for which the calculation method vas developed.
Reference 2 presents a method which mey be used to calculate
axial force at zerc lift for a wing-tody combination. This is
‘basically & simplified method -consisting of a summation of the
individual drag contributions of the body, wings, and tails. Each
drag contribution is composed of skin friction drag and wave drsg.
’ In addition, a term is added to account for base pressure drag on
the body. Acceptable correlations of predicted data have been
achieved for the Mach range over which this method is valid. Howvever,
isolated store experimentsl dats are recommenied for use if such
data are available. "
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2+2,2 Store Planform Projected Area

The cdlculation procedure for detérmining the initial
-airlceads acting on tlie captive store incorporates store areéa distri-
bution as a primary factor. Définition of the store area distribution
influence is achieved through e summation procedure in which the
store is divided.into various segments of constant length and ‘the
ares distributions of these seghments are calculated. In addition,
the areas are seperated into nose, body, and wing componeﬁfs.
A sketch identifying the typical segmentation of a 300-gallon tank
is shown in Figure 6, along with designations of the various area
components. The calculation procedure is performed for the area
distribution in one of two planes according to the airload component in
question. The paragraphs below describe the area distridbution
calculation for single and multiple carriage in each of thé two planes.

Plan projected area (PPA) is defined as the planform area
of the installed store projected into the XB ’ YB plane. In the
initiel prediction of both normal force and pitching moment, plaen
projected area is used in the summation procedure. It merits
mentioning et this point that for stores whose wings ere in an 'X'
configuration some of the body area is shadowed or blocked out
by the wings and should not be included. Both multiple and single
carriage stores are calculated in a similar manner, Table 1
presents data on a 300-gallon tank installed or the A-7 center
pylon: Note that the projected areas of each component (nose,
body, wing) are calculated individually, These data are for
ares segments which are a constant 25 inches in length, uq shown
in Fikure 6. vDetailed information concerning the segmentation
is provided in Subsection 2,3.2.

Side projécted area (SPA) is defined as the ‘planform

area of the installed store projected into the XB, ZB plane.,
In the initial prediction of both side force and yawing moment,
side projected aréa ia used in the summation procedure. As in

the case for plan projected area, some of the body area is shadowed

16
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when the store is installed with wings in an 'X' configuration.

- For multiple stores, the rack centerline stores are used for the é
initial prediction for both centérliné and shoulder stores. In q
this case, the exposed side projected area is used in the calcula= i

. tion. This area is defined as that part of the centerline store
é, ) not shadowed in the XB, ZB plane by another store on the multiple
! instaliation (see Figure 7). A comparison of the side projected
area and exposed side projected area for a ML17 carried on a MER ?
3 centerline position is presented in Table 2. 3
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TABLE 1, AREA SEGMENTATION FOR A 300-GALLON TANK

AREA SEGMENT k PPA
or
SPA

(in.2)

1N 292.0

2N 548.0

3N - 648.0

UN 142.0

LB 520.0

5B 662.0

6B 620.0

7B '531.0

88 393.0

8w 4.5

9B 203.0

oW L43.0

108 0.6

TOTAL 5007.1

‘Note: For symmetric single carried
stores, PPA = SPA.
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CENTERLINE STORE ; “
EXPOSED SPA -
Figure 7. Exposed Side Projected Area for a Multiply '
Carried M117 Store . “
TABLE 2, SPA AND EXPOSED :SPA FOR: AN M117 STORE CARRIED ON A R
MULTIPLE RACK CENTERLINE POSITION P
AREA SEGMENT SPA-1in? ) EXPOSED SPA-in? ;
1N 209.3 181.8 *
2B. 322.6 . | 230.6. ‘
3B 272.2 221.k
3w 21. 10.5
LB 119.6 114.6
Ly : 134.8 69.8
SB 22.3 13.5 >y
SW 98.5 . 49.3 ?
- " y §
TOTAL 1200.3 891.5 :
N « Nose ‘ :
B - Body .
W - Wing/Fin ’
Note: Area Segments are 20 inches in length. ) L
'
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2.3 AIRCRAFT-STORE COMBINATION
Prediction of the base aerodynamic loads experienced by a store
due to installation on an aircraft is discussed in this section. After
. havifig developed the isolated store airloads through the procedures
identified in Subsection 2.2, the base installed store airloads (initial
prediction) can be determined by application of the general procedures
outlined here. Final adjustment of the base installed store

g2 Mo A R bt L 1

i

airloads to compensate for the precise flight conditions and loading

arrangements desired are presented in detail in Sections III, IV,
and V,

The primary informatinn presented in this section includes %
the force and moment coordinate systems and the initial prediction

force and moment calculation procedures. Example calculations are :

I R R

also included to improve understanding of the computation procedures.
Procedures for predicting single and multiple store airloads are
presented separately to simplify the procedure complexity.

b 7o
-
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2.3.1  Store Airloads Coordinate Systems :

e

2.3.1.1 Single Carrigge

fﬁé single carriage coordinate system and sign convention is
presented in Figure 8. The system shown is a right-hand coordinate 3
system with the positive sense of the moments being defined by the right-

hand rule. ‘The store coordinate system y body axis‘remains parallel to
the aircraft y body axis regardless of the orientation of the wing pylon.
All force arid moment predictions contained in this handbook are refer~
enced to this system. The airloads preédictions containedfherein assume
that the subject wing-mounted store is carried on the right wing of the

- aircraft. To apply the predicted forces and moménts to a left wing

store installation, a similar but mirrow-image system must be
established: This will establish a left-hand coordinate system for

i ibad >
[ R
‘ -~
PR
.

the left wing with positive sense of the moments determined by the
left-hand rule, By defining a left-hand coordinate system for a left
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Figure 8. Single Carriage Store Airloads Coordinate
Systen
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2.3.1.2  Multiple Carisge

The coordinate system and sign convention for multiple
carriage configurations is illustrated in Figure 9. Figure 9
depicts the coordinate gystem for multiple carriage centerline
racks (MER STA 1, 2 or TER STA 1), The coordinate systems. for
shoulder stations are rotated 80 that they are parallel to the
multiple rack centerline stations. This produces a system of parallel
coordimate gystems for all multiple stations as illustrated in Figure 10.
-As with the single carriage coordinate system, the multiple carriage
system y-axis remains parallel to aircraft y-body axis regardless
of the orientation of the ving pylén. The multiple carriage c'oordi-
nate system is a set of right-hand coordinate systems with the
positive tense of moments determined by the right-hand rule.
Predictions contained in this handbook assume s right-wing instal-
lation for multiple carriage configurations. To apply the results
obtained herein to & left-wing installatien,a similar but mirror-
image set of coordinate systems should be established for the left
ving in ‘the manner described in Subsection 2.3.1.1.
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Note: Moment reference poin. is
on the store longitudinel
axis at the mid-lug point.

Figure 9. Multiple Carriage Store Airloads Coordinate
System for Reck Centerline Storas
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2.3.2 Force Calculation Procedure

The initial prediction for the side force and normal
force variation with angle of attack is presented in this section.
The axial force prediction follows & different approach and requires
only the isolated store prediction discussed in Subsection 2.2.1
along with the remainder of the prediction technique presented
in Subsection 3.5, The rolling moment vrediction is totally contained
in Subsection 3.6,

The initial captive side force and normal force slope
calculations begin by assuming the store is inserted into the
flow-field of the base wing (45°sweep) at the mid-semispan (n = 0.5)
position. Longitudinally the store is placed at the true captive
position, and the locel wing chord is assumed to be the same as
the captive position for the subject aircraft wing. Procedures
for side foree and normal force slope calculations are the
same; hence,the side force component will be discussed in
detail,

The store is positioned in the aireraft flow-field as
gshown in Figure 11 ., The sidewash characteristics of the base
wing are known from en analysis of flow-field data as
discussed in Subsection 2.1. The wing flow-field term used in the
initial side force slope prediction is %%, the rate of change of
sidewash angle, 0, with respect to angle of attack a. The term

%% is known as a function of x/c for the base wing (Figure 5,

Subsection 2,1), With & knowledge of the store geometric and igsolated
serodynamic characteristics, a summation procedure is performed

along the store in the aircraft flow-field to obtain an initial
prediction of side force slope.

In order to perform the summation procedure, several de-
finitions concerning the store geometric and aerodynamic characteristics
must be made. Several of the required geometric definitions were
made in Subsection 2.2.2 but will be restated here for clarity, ‘The
reader is referred to Figure 6 for the following discussion.
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The total store planform area is divided into nose area, body area, and
wing area. The distinction in planform areas is required since aerody--
namically,the nose and wing are more efficient producing 1ift than the
store body. Because of this efficiency distinction, factors have been
defined using Referencé 1 for the store nose, Kyogg® &nd wing(s),
KWING’ to weight their respective planform areas in relstion to the
store body planform area. The weighting factors are defined for three
store types by the following relationships.

Case 1. Store with Wing at Aft End of Body:

=K (BODY AREA)
Kyose = ®n/B\NOSE AREA
where: KN
i T K
(W)
Kﬁ - Ratio of 1ift of body nose to lift of wing alone.
See line 80, Wable 1, page 38 of Reference 1.
KB -~ Ratio of the body lift in the presence of the
(w) wing to 1ift of wing alone. See line 48,
Table 1, page 34 of Reference 1.
BODY AREA - Body planform area, in?., Subsection 2.2.2,
NOSE AREA - Nose planform area, in?., Subsection 2,2.2.
=K BODY AREA + NOSE AREA
Kune = Fwe ( WING AREA )
where, Kﬁ
e lBL

/B KB(W)+ .,
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Case 2.

where:

where:

where:

Kw - Ratio of 1lift of wing in the presence of the
(B) body to lift of wing alone. See line U7,
Table 1, page 38 of Reference 1.

WING AREA - Wing planform area, in., Subsection 2,2,2,

Store with Wing on Forwerd Body and Tail at Aft End

) BODY AREA
Kyose = Xy/B NOSE AREA

KNCLG
i ()
Ky/B K C T C

L KB L
(W) G(w) (T) a(T)

_ BODY AREA + NOSE AREA
Kpatr, = ¥r/B TAIL AREA

TAIL AREA - Tail planform ares, in?., defined identical
to wing area, Subsection 2,2.2.

KT c

(B) La(T)
Ky = T+ ) *K, C
B(w) L (p) L

*(w) (1)
KT ~ Ratio of 1ift of tall in the presence of the b.dy
(B) to 1ift of tail alone. See line 63, Table 1,
page 38 of Reference 1,

CL ~ Igolated tail 1ift curve slope as determined by

%(P)  the methods outlined in Subsection 2.2.,1,

KB - Ratio of the 1ift of the body in the presence of the
(W) wing to 1ift of wing alone. See line 48, Table 1,
page 38 of Reference 1.
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KN - Ratio of 1lift of body nose to 1lift of wing alone.
See line 80, Table 1, page 38 of Reference 1,

CL - Isolated wing 1ift curve slope as determined by
%(w) the methods outlined in Subsection 2,2,1,

KB - Ratio of the 1ift of the body in the presence of the
(T) tail to 1ift of tail alone. See line 64, Table 1,

page 38 of Reference 1.

Ko = Kw/B(BOD.Y AREA + NOSE &m)

WING AREA
where:
c
(B) ‘La(w)
Ka/B = (KB + K_)C + C
ML KB L
W oy ) o)

KW ~ Ratio of the 1ift of the wing in the presence of the
(8) body to 1ift of wing alone. See line 47, Table 1,

page 38 of Reference 1,

For this case, & factor has been defined to account for the

This factor should be
multiplied times KTAIL (defined above) and is given by the following

interference effect of the wing on the tail 1ift.

relationship:
CIﬂ“ (WBT) CL“(m)
K=1- -IN’I‘g W/Q JNTF
Ly
(1)

where:

¢, ~ Lift curve slope of wing/body/teil accounting

Q(WBT)INTF for interference of wing on-tail.

Table 1, page 38 of Referencel.
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t
cr = Lift curve slope of wing/body/tail without
a(WBT)w/O INTF interference effect of wing on tail. See
line 124, Table 1, page 38 of Reference 1.

Case 3: Unfinned Store

For an unfinned stose, KVOSE is the only additional parameter
which must be defined.

Kyosg = 20

The planform area of the store is projected into the XB’ “p :
plane and is defined as side projected area, 3PA., The store is divided }
into constant length segments from nose to tail. The SPA is computed

for each of the segments with distinction made as to nose, body, or wing

areas. The area sesmantas for a 300-gallon tank ere tabulated in Table 1

and will be referred to in the example to follow in Subsection 2.3.2.1, ?
With the segmented side projected areas defined and the store inserted
into flow-field of the base wing, the summation procedure is given ’
by the following relationship. 3

ADJU. 11 SPA = 2:‘( KivOSE KWING Kvor SPA,
(TAIL) n

where:

B
§

Number of constant length ares segments as corputed
from store nose to tail.

L)
]

- Rate of sidewash vaviation with sngle of attack, —=

1 ’
Figure 5.

KNOSE - Store nose 1lift effectiveness as defined by Case 1,
2, or 3 equations presented above.

KWING - Store wing or tail 1ift effectiveness es defined by
(TAIL) Case 1, 2, or 3 equations presented above.
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KINTF - Tail 1ift interference factor. Applicable only to

Case 2 above. All other cases, KINTE = 1.

SPA ~ Store side projected area, in?.

then: . i
g = ADJUSTED SPA )
Csp  SPApopr, :
where:

ADJUSTED SPA - Adjusted side projected area of the store as !

given by the summation equation above.

.
SPATOTAL ~ Total side projected area of the store. The szum

of nose, body, and wing side projected areas. .

The initial side force slope prediction is given by the
following equatior.

| .
| (%) () a
! vores. =K a-—-g-,— Iy
! Yovrzmag,  Cor W ;
| PRED.. ~ ;
| where: ;
o |
—Eimn. = Isolated aerodynamic characterigtics of the subject !
. £t -
IS0 stqre7 Equal to,CL SREF’ deg Computed from

o
the method or Refere%@glu

It sbould be noted that if experimental isoleted store charac-
teristics are useg in the above eyuation, the user must stiil pertorm
most of the computations of unelerence 1 since many of the terms of the
computation are uged in defining the store nose and ving weighting
factors presented in Cases 1 and 2 previously discussed.

The initial normal force slope prediction follows a similar
procedure end ig given by the following relationships.
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ADJUSTED PPA = EEiK“z KNOSEHKWINGnKINTFnPPAn
(FIN)

Ka ~ Rate of local angég of attack varietion with aircraft
% angle of attack, jﬁéj Figure L,

PPA - Store plainform projected area, in®?. (Same as SPA
for & symmetrical store.)

g = ADJUSTED PPA

PP,
Cp Aror

ADJUSTED PPA - Adjusted planform projected aree of the

store as given by the summation equation
above.

- v £ s .
PPATOTAL Totel planform projected aree of the atore

The sum of nose, body, and wing plsnform
projected areas.

of B a(RE
- =K, -
Woyrpr  Onr 3 180
PR¥M
a(¥
- Isolated aerodynamic characteristics of the
150 bject stor Equal to C S ZEf;
subject store. qu o L REF® deg '

%150
Computed from the method of Referencel.
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2.3.2.1

) Copputational Example-Sipngle Csrriuge
s

Application of the prediction equations in Section 2.3.2
is illustrated by initiel prediction of side force variation with

) angle of attack,(ﬂ)». » for a 300-gallon tank on the A=T
97 SINTPIAL
PRED
ceater pylon at M = 0.5,

1 Required for Computation:
Crocar = 127.6 in.

' R;LE = 7501 in,

o T
- i

—— —— —— S ——

S
MM

K0 from Figure 5

KWING = T7.12, Case 1 computation, Subsection 2,3.2,

KNOSE = 4,46, Case 1 computation, Subsection 2.3.2,
K

INTF = 1.0, Case 2 for definition, Subsection 2.3.2.

SPA from Table 1
G

i q 2

-Emﬂ-Iso z ,262 E;E

(in 25-in. segments)

Tab 2 3 1is used to demonstrate the computetion as shown

below where N : _resents nose SPA, B body SPA, and W wing SPA.

The control point for applying the sidewash term, Ko’ 1s the midpoint
| of each 25-in. " mgth segment.

The st re nose/wing leading edge rulationship is given by

XNOSE = "2'LE = "‘7501 in.

The first control point for the atore is

- 2
xMID—POL!T = Xyose * "22 = =75.1 + 12,5 = ~62.6 in.
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TABLE 3, INITIAL SIDE FORCE SLOPE PREDICTION CALCULATION FOR A
300~-GALION TANK ON THE A-7 CENTFR PYLON

é' AREA SEG.  Xyrp Xy Ko e Kvose  SPhpor 407 SP8
E POINT POINT in2. in2.
i
‘ iN -62.6 -9l 0.175 1.0  b.k6 292 228 o
. 2N -37.6 -.295 0.275 1.0 4,46 548 72
¢ 3N -12.6  =.099  0.57 1.0 k4.6 648 16h4T §
- hN 12.4 .097 0.89 1.0 b L6 1b2 565 T
‘ LB 12.4 .097 0.89 1.0 1.0 520 163 |
5B 37.k .293 0.84 1.0 1.0 662 558 -
6B 62.5 89 0.69 1.0 1.0 620 428 f
TB 87.4 .685 0.52 1.0 1.0 531 276 §
8B 112.4 .881 0.38 1.0 1.0 393 1k9 |
8w 112.4 .881 0.38 7T.12 1.0 b5 12.2
o 9B 137.h4 1.077 0.31 1.0 1.0 203 63.1
; oW 137.4  1.077 0,31  T.12 1.0 L3 978
3 10B 162,48 1.273 0.265 1.0 1.0 .6 .2
b 5007.1 6039.5
G, - L 2
a(EE a(F ;
= K ;
3 e CeFr Y 1s0
: PRED.
= 1,206(.262)
- 316 £
deg
36
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2.3.2.2

Example Computatiop-Multiple Carrjage

This section presents an example computation illustrating

the application of the prediction equations developed in Subsection 2.3.2,
The initial prediction equations are similar to those presented in Sub-

section 2.3.2 but due to slight differences in the definition of

certain terms, they are presented again below for the multiple caseé
initial side force slope predictiou.

m
ADJUSTED SPA = 3 KW K SPA
n=1"on‘cnosm.n %‘)n INTF "~ "n

This summation equation is applied only to the two MER

centerline rack stations (MER STATIONS 1, 2). The shoulder stations

are predicted as an increment added to MER STATIONS 1 and 2. The
only difference in the above equation and the one presented in the
previous section is the interpretation of the side projected ares
term, SPA, for the initiel side force slope prediction. The store
side proJected area used in the computation of ADJUSTED SPA is

the exposed side projected area as defined in Subsection 2.2.2,

« o ADJUSTED SPA
Csp  SPAropar,

where

ADJUSTED SPA - Adjusted side projected area given by the

sbove equation, in?.

SPATOTAL ~ Total store side projected area (nct the
exposed SPA), in?.

The initial side force slope prediction is given by the
following equation.

| (& o(E
=K
{ drymrar Ok Y 180
PRED.
37
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where
.dfﬁg
- - Isnlated serodynemic cleracteristics of the
W 10 subject store. Equel to C. - £ul ‘
» lique L ° SREF® deg A

_ 180
Computed froim Reference 1.

The ncimel force initial slope prediction makes use of

the same get of equdtions presented above axcept that side projected

arée is replaced by plenform projected area, PPA, and K0 is Teplaced |
oy Ka&' It should be noted that thée exposed PPA is the 'same as
‘the tetal PPA.

The nose and wing 1ift efficiency factors should be
compit®d in the manner described in Subsection 2,3.2 for Cases 1, 2,
or 3. The nose lift efficiency factor, KNOSE’ is set equal to 1.0
For all store types on the MER aft centerline staticn (MER STATION 1)
due to the blockage effect of the MER forward cluster.

Example: Compute the initial prediction of side force variatien

with angle of attack, (-‘c’—”l)a , for an M117 store on MER STATION 2
¢ /O NITIAL
PRED~
(forward centerline) of a fully loaded MER on the A-T center pylon

at M = 0.5.

Required for Computatioh:
Cyocar, = 127-6 in.

QLE = 50,3 in.

Ky from Figure 5.

Kumg = 2-98+ Caée 1 Computation, Subséction 2.3.2.

Kyosg = 13.25; Case 1 Computation, Subsection 2,3,2,
Kiypp = 1+0s See Cese 2 definition; Subséction 2:3.2,

SPA from Table 2 (in 20-in. segments)
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= s 2
SPATOTAL 1200 in“.

EEF:) = 1 S

ay 180 deg

Table 4 demonstrates the computation as shown
belovw where N represents nose SPA, B bvody SPA, and W wing SPA.

The control point for applying the sidewash term, i% s is the mid-
point of each 20-in. length area segment.

The store nose/wing leading edge relationship is given by

Xyosg = A = -59-3 in.

The first control point for the store is

. 20 )
Xum-pomnr = Xyosg ¥ 7 = ~59:3 * 10 = -49.3 in,

TABLE 4, INITIAL SIDE FORCE SLOPE PREDICTION CALCULATION FOR AN
M117 AT MER STATION 2 ON THE A-~7 CENTER PYION

AREA SEG. XMID X/CMID KO‘ KWING KNOSE SPA ADJ .SPA

PC POINT (EXPOSED) 2
i, in. in,
1N oo L0387 0,21 1.0 13.25 181.8 505,5
2B -26.,3 =.23 0.33 1.0 1.0 230.6 75.6
3B - 9.3 =011 0.66 1,0 1,0 221,k 1ub, b
3w - 903 "0071 0066 2598. 100 lous d‘vnh
LB 10,7 084 0.8 1.0 1.0 11k,6 - 101,5
hw 10,7 084 0,80 2,98 1,0 69,8 185,0
5B 30,7 .2k 0,865 1.0 1.0 13,5 11,4
5W 30,7 2k 0,865 2,98 1.0 49,3 127.,0
1172,8
39




: k =ADI.SPA 11728 _
= 8L.SRA | 1i72.8
3 Csp  SPApgp, 1200

dﬂ‘- d-S-F- . Ay
I=K

doryrrran,  Cop W10 '
PRED .

s = ﬁ:. i
= (.976)(.11k4) = .111 Tea
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2.3.3 Moment Calculation Procedure

The initial moment calculation follows essentially
the same procedure outlined in Subsection 2,3.2 for the
initial force calculation. The cnly difference is that a moment
arm term has been added to the equation for adjusted side
projected area to weight each area segment according to its
distance from the store moment reference point (MRP}. The
moment arm used is the distance from the store MRP to the mid-
point of each respective aree segment. The store MRP for all
computations from this handbook is located on the store longi-
tudinal axis at the mid-lug point. The moment arm definition
is illustrated in Figure 12, An equation is included in the
figure for computing the moment arms.

The equation for computing the initial prediction of
yawing moment slope 1s presented below.

where

m
nz;l [(ADJ.SPA)nXMOM - (WING ADJ.SPA)

anOM ]
PA -
'CIM SPA

fOTAL

k1
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- Number of constant length ares segments

as computed from store nose to tail.

(ADJ.SPA)n -~ Adjusted side projected area of area
segment n, in?.

Distance from store MRP to area segment
n mid-point, ft., see Figure 12,

XMOM
n

(WING ADJ.SPA)

Adjusted store wing side projected area,
in®. (for wing at aft end of store only).

SPATOTAL - Defined in Subsection 2,3.2.
a()
Em - Defined in Subsection 2,3.2.

150

The equation for computing the initial prediction of
pitching moment slope is presented below.

vhere

iy
2_: (ADJ.PPA)nXMOM
kK, =% ~R

Com FPAromaL

where 81l terms are defined above or in Subsection 2,3.2,
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cy

S—

Store Mid~-Lug
and Moment Reference Point

ot Xyom 1 = Xyop —
‘-—-—-xMOMl
-—— xM0M2
I‘ "MOM3 *MoM -
n
|
1 2 3 n m
AREA
SEGMENT
“HoM_ = *.1L. SXspoMENT = *seauEnt (P1)
LENGTH LENGTH

where:

n=1 2, 3, ---, m segments

M1, " Distance from store nose to mid-lug point (positive)

X - Constant length of each area segment measured
SEGMENT
LENGTH along the store longitudinal axis (positive)
Assigned by the user.
Pigure 12.

Moment Arms for Initial Airloads Prediction
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2.3.3.1

Exemple Computstion-Sipgle Carrisge

Application of the prediction equations in Subsection 2,3.3
is illustrated by the initial prediction of yawing moment. variation
with angle of attack, b1

( Q)GINITIA.L

PRED.
A-T center pylon at M = 0.5,

s for & 300-gallon tank on the

Given: All items given in the example of Subsection 2,3.2.1.

Store mid—lug = 05,5 in., aft of store nose
The initisl moment erm is

[}

Xyon

S 2 (for 25 in. area segments)
1 Le T2

25_'5_1.'5’_1..2_:2 = 6.91 ft,

Each successive moment arm is 25 in. aft of the previous

one frem area segment 1 through the totsl number of segments.

this example the values of XMOM are tebulated itelow in Table 5.
Table 5

is used to present the example summation.
Values of ADJ. SPA in the telLle are extracted from Table 3
Subsection 2.3.2.1.

For

in

Ly
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TABLE 5, INITIAL YAWING MOMENT SLOPE PREDICTION CAICULATION FOR

A 300-GALLON TANK ON THE A-7 CENTER PYLON
AREA SEG. ADJ. SPA J. SPA
” ind x?i% (Azn’.fft?xuou
1N 228 €.91 1572
oN 72 4.83 3250
3N 1647 2.75 4530
UN 565 67 379
4B 463 67 310
5B 558 -1.42 -790
6B 428 -3.5 ~1500
TB 276 ~5.58 -1540
8B 1k49 -7.66 -1143
8w 12,2 -7.66 -9l
9B 63.1 -9.76 ~-615
oW 978 -9.76 -9540
10B . .2 -11.84 -2
-5183

m
3 [(ADJ.SPA)n)Sd% - (WING ADJ.SPA)nmen]

K s ﬂ
vy SPAvorAL
¢ o =5183 = (-9h - gsko
‘cYM 5007.1
= .889 ft.
then
o 4(SE
=K
Wrvrrran, Cym Wrso
FRED  _ (,889)(.262)
* deg
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Example Computaetion-Multiple Carriage ;

The equations of Subsection 2,3.3,1 apply to the multiple

carriage case with the exception of KC wlilch is redefined dbelow.
™

% 2.3.3.2
i
',

m
2_: (ADJ.SPA)nXMOM )
X = &-]-'r 4 !
Cyn SPApoTAL

) vwhere all terms have been defined in Subsections 2,3.,2 and 2,3.3.

Example: Compute the initial prediction of yawing moment variatinn

with angle of attack, (%%)a

INITIAL
‘ PRED.
§ (forward centerline) of a fully loaded MERK on the A~7 cexnték pylon
!
|

» for an ML17 store on MER STATION 2 !

at M = 0.5,
| Given: All terms and results in the exampie in Subsection

|
| 2:3:3:1, Xy i defined in the manner discussed
i ' in Subsection 203.3010

The computation is presented in Table 6§ below in the same hanner
as the previous example in Subsection 2,3,3.1.

TP s T R g e s o

m s ot S
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TABLE 6, INITIAL YAWING MOMENT SLOPE PREDICTION CALCULATION FOR
AN M117 AT MER STATION 2 ON THE A-7 CENTER PYION

AREA SEG ADJ. SPA (ADJ .SPA)
inz . xf}:?M in’ c-ftfuon
N 582 i.7h 879.6
2B 106 075 5.7
’ 3B 160 -1.59 -232.8
- 3w b1 -1.59 -32.4
hB 106 "‘3 . 26 "330 [ 9
L 357 -3.26 -603.1
SB 19 "h [ h2 -50 » h
5W 254 =h,k2 =561.0
~925.3
m
3 (ADJ.SPA) KoM
K = .n_rz
Cy SPAnop
222.23 . .
1200 M £t
then
o & a2
ac * K. 3
INTTIAL w “Y1s0
FRED.
= (= 771)(.114) = -.088 E
(] L ] . L[] deg

7
(The reverse of this page is blank)




