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SULMARY

Tests have been made in the AR A 9ft x Bft transonic tunnel on a
streamlined store-pylon arrangement mounted in various |ocations beneath a
45 swept W ng-fusel age nodel . Si x-conponent measurements of both the
loadson the store inelvding pyl on-induced effects, and of the total store
plus Pyl on | oads have been obtained for liach nunbers fromii = 0.60 to
M = 1.41. This note presents the full sideforce and yaw ng nonent results.
These are analysed in detail and related to the likely sidevash field
beneath the wing at both subsonic and supersonic speeds, as obtained from
other sources. The experimental sideforce results are conpared with
estimates based on the enpirical method presented in A R A Report No,5.
These conparisons show that certain changes in the empirical nethod are
desirabl e and appropriate suggestions are nade in this note; a final
revision will be made when further experimental results are available
showing in particular, the effects of changing the depth of the store
beneath the wing.

The unpublished results of some ad hoc tests at transonic speeds on
winged nissiles nounted beneath both a 60° delta and a £0° sweptback wing
are given in order to enphasize the dangers in using the enpirical method
for stores which have significant wing-type lifting surfaces.

G B M G Al M MR A Gul M A B ey W me amr mm e S M em e e G A e G b M A e MR S e ew o

*Roplocos A Ry Wint Tunaol Note Fo. 49 - £.E.C.26 204






LIST OF | CONTENTS

Page
LI ST OF FIGURES
1. | NTRODUCTI ON 1 -2
2. NOTATI ON 2:~3
3. 1XDEL DETAILS 3-6
3.1 Wng-fusel age combination 3-4
3.2 Store-pylon assenbly 4-5
3.2.1 Store
3.2.2 Pylon
3.2.3 lechanical detail s 5-6

4. DETAILS ar TESTS

5. ACCURACY AND REDUCTI(N OF RESULTS 6-7

6. FPRESENTATIG OF G EASURED LOAD DATA 7-Y

7. SUPPIEMENTARY DATA TO HEIP IN THE ANATYSIS y
OF RESULTS

7.1 Local flow field data 9
7.1.4 Local sidewash at zero incidence 11
7.1.2 Sidewash due to incidence 12
7.4.3 Iocal dynamic pressure 13

7.2 Typical side load distribution on under-

: 14
wing stores

8. DISCUSSIG! OF MEASURED STCRE/PYLQY LOADS 16

1

12
13
14

16

31

8.1 Store/pylon sideforce 16 = 17
8.1.1 CY The Sadeforce at ¢ U p = 0° 17 - 20
0
8.1.2 dCY/da Sideforce due to incidence 20 - 22
8.1.3 dCY/dﬁ' Sideforce due t o sideslip 22 = 24
8.1.4 Effect of Mach nunmber and store position o) - 26
on maximum Si de | oads
8.2 Store/pylon yawing nonents
8.2.1 C, Yaw ng moment at ¢ =8 = o° 26 = 28

0

8.2.2 dcn/da Yawi ng noment due to incidence 28 = 29

8.2.3 dcr/c'ﬁ Yawi ng nonent due to sideslip

8.3 Store/pylon side load centres

8.3.1 x-coordinate of |oad centre 29 = 30

8.3.2 z-coordinate of centres of pressure 30 - 31



LI ST OF CONTENTS otd.

nge

9. COWPARISON OF SIDEFORCE RESUIIS TITH 3 %
PREDICTIGIS BY EMPIRICAL 1LETHCD =

10. STORE S| DEFORCE FROR VARIQUS AD KX 36 39
STCRE/AIRCRAFT CQIFIGURATICNS -

11, CQNCIUDING REUARKS 99 = i

REFERENCES



LI ST OF FIGURES

I(a) Details of nodel and stores. Dimensions of wi}xg-mselage
combanation and Sstore | ocations.

| (b) Store-pylon configurations.
1(c) Finned &ore-pylon-wng configurations.
1(d) Details of store-pylon-strut assenbly showing clearance gaps.

2(a) Variation of store/pylon sideforce with incidence for 3 chordwise
locations.  y_=0.50 (sp) fins on.

2(b) ¥y, = 0.50 (S) fins on.
2{(c) yg = 0.50, (SP) fins off.
2(d) ¥y, = 0.50, (8) fins off

3(a) Variation of store/pylon yaw ng nmonent with incidence for 3 chord-
vise locations.  y_ = 0.50, (8°) fins on.

3(b) ¥, = 0.50, (S) fans on.
3(c) y, = 0.50, (SE) fins OF f .
3(d) ¥, = 0.50, (8) fins off.

| +(a) Variation of finned store/pylon sideforce with incidence at 3
spanwise |ocations. (SP) fins on.

4(b) (8) fins on.

5(a) Variation of finned store/pylon yawi ng noment with incidence at 3
spanwise locations, {(SP)} fins on,

5(b) (S) fins on.

6(a) Varzation Of finned store/pylon sideforce with sideslip,

¥ = 050, Xx = 0, fins on.
S S

6(b) ¥ = 0. 50, XF 0.15, fins on.

6(c) y,=0.50, x_ = 0.50, fins on.

6(d) y, -0.75, xs:O, fins on.

6(e) ¥ = 0. 30, x_ = 0.50, fins on.

7(a) Variation of finned store/pylon yaw ng moment with sideslip.
Yy = 0.50, X, = 0, fins on.

7(1) ¥y, = 0.50, x_-0.15, fins on.
7(c) y, = 0.50, x_ = 0.50, fins on.
7(d) Jg = 0.75, X = 0, fins on.
7(e) Yy = 0.30, X = 0.50, fins on.

8(a) Variataon of unfimmed Store/pylon sideforce with sideslip.
Yg = 0.50, X = 0, fins off.

8(b) y_ = 0.50, x = 0.15, fins off,
8(c) y, = 0-50, x, = 0.50, fins off.

9(a) Variation of ynfinned store/pylon yaw ng moment with sideslip,
Vg = 0.50, xs = 0, fins off.



LI ST OF FIGURES ctd

H
n

9(b) 7,
9() 3,

10(a) Variation of sideforce at zero incidence with liach nunber -
mid semispan location.

0. 50, xg
0.50, x
3

0.15, fins off.

0.50, fins off.

| Q(b) Three spanwise |ocations.

11 Variation of dc‘i/d“’ Wi th pMach nunber.

12(a) Variation of dCY/dﬁ with Mach nunber, nid semispan |ocation.
12(b) Two spenwise |ocations.

13(a) Variation of yaw ng noment at zero incidence with Mach nunber =
m d semispan | ocation.

13(b) Three spenwise |ocations.

14(a) Variation of dcn/da with hiih nunber, mid semispan |ocation.
14(b) Three spanwise locations,

15(a) Variation of aC /48 with Mach nunber at nid semispan, fins off.
15(b) Fins on.

16 Variation witk incidence of the chordwi se (SP) centre of pressure
(x/d), at mid semispan,

17 Variation With Mach nunber of the chordwise centre of pressure at
a = 6.5, md semispan |ocation.

18 Variation with incidence of the depthwise (SP) centre of pressure
(z/z___), at midsem spsn.

max
19 Variation vith Mach nunber of the depthwise centre of pressure at
a = 12.9°, midsemispan | Ocati on.
20 AR A and N,A,C.A, swept wing-fuselage configurations.

21 Experimental variation of local Ilach nunber beneath N.A C A wing
at zero incidence for freestreamy = 1.61.

22 Experinental sidewash contours at zero incidence. Variation with
chordwise and. depthwase | ocation.

23 Experinmental sidewash contours at zero incidence. Variation with
chordwise and spanwise | ocation.

24  Experinmental sidewash contours at 8° incidence.  Variation with
chordwise and depthwise | ocat i on.

25 Experinental sidewash contours at 8 incidence. Variation with
chordwise and spenw se location.

26 Variation of theoretical sidewash due to incidence at ¥ = 1.41,
subsonic leading edge, for ARA swept wng.

27 Variation of dynamc pressure ratio beneath N A C A swept wing
at low subsonic Mach nunber.

28 Experimental sideforce di stributions on astreamlined store
beneath a #6%swept - wing, at | ow subsonic speed.



29

30

M

32

33

b

35

LIST..OF FIGRES ctd

g,

Comparison with empiracal estimates.
y. = 0,50,x = 0, fins of f
S 8
Empirical nethod for store/pylon sideforce. Determination of CY
at m d semispan, 0

Variation of dcy/da e Wi th spanwise and chordwise location,

an

Enpirical method for store/pylon sideforce. Determination of
dCY/dq and d&/dg at x, = 0.

Variation of dc,i/dﬁ W th chordwige | ocation and incidence at md
sem span.

Sideforce terns for 3different stores under a 60°delta wing at
transonic lMach nunbers.

Sideforce teg;ms for a winged store |ocated close to the fusel age
beneath a 40 swept wing.






1.  INTRODUCTIQV

A general review of the-present state of knowledge on the aerodynanm c
| oads on pylon-mounted external stores has.recently been published cs
R, & 14,3505 (Ref.?). This showed that nuch of the existing experinenta
data had been obtained either at Jow Subsonic speeds or at supersonic tiach
numbers such as i = 1.6 - 2.0, with relatively few tests at internmediate
speeds, e.g., in the trsnsonic range. This omssion is particularly
serious since analysis of the data actually available suggests.that for
many store arrangenents, the maxinum loads may Well occur at transonic-
speeds. A systematic series of tests has therefore been made in the
A R A 9ft 'x -8ft transonio tunnel on a pylon-nmounted external store
configuration located in various alternative positions beneath a’ N suept
wi ng-fusel age model, Tests have been nade iith a store consisting of a
sinmpl e body of revolution both-with and without small tail fins nounted at
three alternative ehordwise positions at the wing md semispan station
al so, the -store Without its tail fins was tested at two ot her spanwise
stations. =~ For all these positions, the store was at the same depth below
the wing and the store/pylon geonetry renained the same throughout, e.g.
a change in the store chordwise position meant a change in where the pylon
was attached to the wing |ower surface.  Six-conponent neasurements o

both the loads on the store including the pylon-induced effects, and Cf
the total store plus pylon loads have been obtained for Hach nunbers from
M =0.60to & =1.4.

The present note gives the full store/pylon sideforce and yewing
moment results, together with some indication of tho depth of; the
si de-load centres as deduced fromthe measured rolling nonents. The
side load data aro analysed in detail and related to the local flow
fields and in particular the local sidewash that is likely to exist '
beneath t he swept w ng-fusel age combination, No actual measurements
of this local sidewash field were made during the present tests but
fortunately, data for both subsonic and supersonic speeds Wwore availablo ,
fromother sources for « very simlar wng-fusel age configuration

The note al so includes conparisons between the measured sideforce data
and predictions using the enpirical nethod put forward in Ref.1.  These
comparisonsconfirmthat the basic features of the enpirical nethod are
sowd but several of the factors need to be revised in order to improve its
general accuracy. Some tentative suggestions as' to how this shoul d be
done are included but in this.respect, the note should nerely be regarded
as an interim statenent. The experimental programme iS to be extended in
the near future and it would be preferable to wait for the results of the
new tests before making any final revision of the method.  |n particular,,,
the new tests will i nclude neasurenents of the |oads on stores nounted at
different depths belew the wing and al so at a.chordwise pOSition ahead of
the wing | eading edge at md sem span; also, conparison will be nmade
between the | oads on a store at a given position but supported by pylons
of widely differing sweepback

Despite the need for changes in the enpirical nethod, the present
anal ysis has confirmed the view that there isa place for enpirica
methods of this type. Vhen finally revised, the method shoul d be useful-
and reliable in indicating the general trends of the variation of store
| oads with i:ach nunber and store position but clearly, the accuracy of
the results obtained by the method will decrease according to the complexi-
ty of the geonetry of either the store or the aircraft. In order to
enphasi se the dangers of using the enpirical nethod outside its proper
range of applicability it was thought worthwhile including in the present
note some results of store |oad neasurenents made in the AR A transonio
tunnel on various ad hoc configurations. These ‘are di scussed in section
10. Inparticular, they show that nuch nore thought is needed before
the method can be applied to estimate the loads on wnged mssiles.
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Al'so, an example is included showing how the particular features of the
w ng- fusel age junctaon shape on an actual aircraft and the flow around
the fuselage can materially affect the loads on stores nounted at |east
beneath the inner part of the wang. This 1s a good illustration of how
factors that cannot be allowed for easily in an enpirical method may
neverthel ess be very inportant in practice.

A comment at this point on the justification for generalised
programmes Such as that described an this note 1s perhaps opportune. The
conpl ex nature of the flow fields beneath swept w ng-fusel age combinations
at transonic speeds and as just noted, the many factors that can affect
the aerodynamec store |oads inply that to obtain really accurate quanti-
tative data for a specifac installation, wand tunnel tests on the
particular layout wi1l Frobably always be required. Such specific test
data are however unlikely to be available at an early stage in the design
and it s than that an.approximate empirical method based on an anal ysis
of general data is likely to be most useful. A4 generalized test

rogramme can be justified on three main counts. viz, the extra systematic
ata that it adds to the literature, the increased accuracy and range of
applicability that at brings to the enpirical type of nethod and finally
and perhaps nmost inportant, the fact that analysis of systematic data
shoul d hel p in understanding what factors are likely to be inportant and
how the store loads are likely to depend on these factors. For exanple
the analysis in the present note in which the neasured store |oads are
related to the local flowfields beneath the wing of the present tests,
cpuPIed with a know edge of the likely flow fields beneath a wing of
different design, e.g., of different sweepback or thickness/chord ratio,
shoul d enable one to predict at |east quéfitatively the |oads on simlar
stores placed in simlar positions beneath the other wing. In passing,
it may be noted that this may be an easier type of extrapolation than
reading across from one store to another beneath the same wing.

2. NOTATION

b = wing span

0 = local wing chord

c = mean aerodynamic chor d

cp = pylon chord

Cy = sideforcq/qu, positive towards fuselage

Cy = store/pyl on sideforce coefficient at a =@= o°

[0)

(Cyk = store/ pyl on sideforce coefficient at incidence a°

(CYLQ = store/pylon sideforce coefficient at sideslip 5°

(cx)mg = store/pylon sideforce coefficient at conbined
H H n - ] C
incidence (a") and sideslip (5°)

dcy/aa = rate of change of store/pylon sideforce coefficient
with i ncidence (per deg)

dCé/de = rate of change of store/pylon sideforce ceefficient

with sideslip (per deg)

Cn = yaw ng moment/qOF¥§, positive nose inwards, referred
to store md point

c. = store/pylon yawing nonent coefficient aggq = 8 = O°

[o}

aC_/dq = rete of ehinge of storefpylon yawing moment
coefficient with incidence (per deg

& /a8 = rcte of change of store/pylon yaw ng nonent
coefficient with sidcslap (per deg)

c, = pressure coefficient = PP/ 4,

d = store maxinum dianeter
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F = store maximum frontal area = 74?2
1 q‘ . . g T
Km s sz etc. =, empirical factors.for sideforce estimation in Rgf.1 .

1 = store overall Iength

M = freestream Mach nunber -
Moo= local iiach nunber

local static pressure

= freestream static pressure

= | ocal & ic pressure
freestream dynamec pressure
local store radius _

W ng maxi mum thickness

chordwise position of store mid-point fr omlocals lead:ing edgé,
.fraction Of local wing chord = x/c, positive aft .

I [}]

WX T UL et T
i

x/& ‘=  chordwise position of &ore/pylon centre of pressure from store
m d-point, expressed in store dianmeters, positive forward
Y = sideforce/unitlength .
i a/2
% » ¥E o
¥y, .= spanwise POSi tion of store m d-poi nt fromuing-fuselage centreline,
S fraction of wing semispen = 2y/b
2, .= depth ‘of store centreline fromwing chord 'plane, expressed in’
' store diameters. For present tests g = 1.404 .
z/c = Vﬁrtidcal di stance from wing chord. plane, fraction of local wing
. chor
z/z = depth of s&e/pylon centre of pres'su're from wing chord plane,
MaX  fraction of store centreline depth Zooy = 2-22 115, N
a =  angle of incidence (degs.), positive nose up
8 = . angle of sideslip (degs.), positive nose to port.
¢ = angle Of sidewash (degs.), posSitive towards wing tip
80y = Cy(finson) =Gy (fins off) for (SP) or (8) ceses -
FIS c
bc, =c (finson) -c_ (fins off) for(sP) or () cases
5, TS ;- (5) - & a (
C = C SP - C S
Yoap  Trmis Tops
ac = 6c_(s?) -AC_ (8) |
eap TFINS TS

Suffix (S) denotes store |oads in presence of pylon, designated "store plus
pylon induced loads", store on port wing pylon attached to wing.

Suffix (SP) denotes total |oads neasured on the Store/pylon assenbly, desig-
' nated "total store plus pylon |oads", store on starboard wi ng;

pylon attached to store
Suffix (87) denotes Store loads in the presence of the wing with no pylon
Suffix (ISOL) denotes i solated store |oads with no wing or pylon

3. MODEL DEPATIS
3.1  Ving-fuselage Co@r}gﬂg‘g

The principal dimensions of the wing-fuselage conbination used. in the
tests are given in Fig.l(a).

I The wing has an aspect ntio....
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The mﬂn% has an aspect ratio of 2.82, a taper ratio of 0.33, 45°
sweepback on the O.5¢ line and a &% thick, R.A,E 102 section throughout.
It has no warp and is mounted symmetrically on a fuselage of relatively

| ar ge diameter., This wing-fuselage design has been tested in various
transonic tunnel s in order to investigate model interference effects?;
the flow over the wing at iiach number fromi 2 0.6 to ¥ = 1.6 i s described
in detail in Ref.3

The wing planform ("Warren 12") and thickness/chord ratio are
typical of the aircraft design for which external store |oad estimates
are likely to be required but the design does not include the features
which are needed to maintain subcritical-type flow at transenic speeds,
or even to obtain the best possible performance at high subsonic speeds
With a wing of this sweepback and thickness/chord ratio. Ref.3 shows
that the flow pattern over the wing at ilach nunbers near 1i = 1.0 is very
conpl ex. At positive .incidences, however, nost of the serious flow
separation effects are likely to occur above the wing uEper surface and
hence shoul d not be too significant in the context of the |oads on under-
wng stores. It was felt therefore that the choice of model should be
satisfactory for tine present programme.  Some support for this view is
afforded by the nature ofthe results actually obtained in the tests: as
wll be seen later, no really erratic changes in store |oads were
observed near ¥ = 1.0. It should be possible to extrapolate the present
results to those that mght have been obtained on a good transonic air-
craft design by considering hew the changes in design philosophy are
Iikelg to affect the local flowfield and particularly, the |ocal side-
wash beneath the wng.

No fin or tailplane wes fitted to the nodel. Thi s should have
no significant effect on the measured store [oads but it detracts from
the usefulness of the overall results as nmeasured on the six-conponent
bﬁ[ance inside the fuselage. These overal | results are not presented in
this note.

Slots were machined in the | ower surface of the wing at 0.30, 0.50
and 0.75 sem span, on both port and starboard sides, to provide |ocations
for the stores and space for the balance wiring. The slots were filled
with removabl e-make-up pieces smoothed to the wng contour

3.2 Store~-Pylen Assetibly

The store-pylon configurations used on either wing panel Were
identical, apart fromclearance gaps as shown on Fig.1{b). The position
of the pylon relative to the store was the same for all chordwise and
spanwise positions tested (see Fig.i(e)). As a result, the pylon
position relative to the wing varied wth store chordvise position, the
pyl on-wing junction being over the forward half of the wing |ower surface
when the store centre was bel ow the wi ng | eading edge,and being over the
rear half of the wing |ower surface when the store md-point was at x_ =

0.50,  The pylon was swept forward (relative to the wing) at an anglg(ﬁ
53.5 (defaning this angle such that a vertical pylon would be unwept)
and as shown in Fig,1(c), this results in a quite representative arrenge=-
ment When x_ = 0 but not when x = 0.50. In practice, for the position
such as X, £ 0.50, the store woula probably be supported by a pylon that

was swept back relative to the wing and which was attached to the forward
part of the wing lower surface. The swept forward prlon was used in
the present tests irrespective of store position mainly in the interests
of sinplifying the manufacture and rigging; there is however some nerit
iN maintaining the same pylon-store intersection in a systemtic test
series because then, the pylon-induced effects on the store at a given
test condition (M,a,B,) are merely a function of the local ing-induced
sidewash field.  Even so, the fact that the xg = 0.50 store position was

not combined with the sort of pylon that would probably be used in
practice may be important

| The store with....
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The store with its tail fins was tested at X = 0, 0.15 and 0.50 at

the wing mid semispan station and al so al x =0, yg=0.75 and x = 0.50,

¥y = 0.30, (see Fig.1(2)). Also, the store without the tail fins was

tested at the same three positions at md semspan.

For all test locations, the store centreline was at 1.40 store dianeters
bel ow the wi ng chordal pl ane and the appropriate val ues of z/e are o.4o,
0,168 and 0.226 for Vg = 0.30, 0.50 and 0.75 respectively. -The issue as to

whet her to vary Vg at constant z as in the present tests or at constant (z/c)

" is somewhat difficult to resolve.  (gz/c) may appear a sensible paraneter at
first sight but this is not necessarily the case; for exanple, it will be
seen |ater when considering the |ocal sidewash fields that at supersonic
speeds, z may be tne nore appronr:.ate parameter. Even at subsonic speeds,
it could be argued that a spanwise traverse at constant (z/c) below a
tapered wing will not give the effects of ¥y al one unless the store size were

also varied with spanwise position SO as to maintain a coastant valoe for
the ratio of store diameter/local wang chord. In essence, this means that
for a tapered wing, changes in y usually inply changes in quite a nunber of
ot her variables, and hence, the &averse at constant z as in the present
tests 1s probably Just as suitable us any other proposal, provided due

al lowance is made for thas when analysing the results.

3:2:1..Store

The streamlined store, length13.176", max. d:,ameter 1.586", fineness
ratio 8.32, was construct ed to the following ordinates, (see I‘lg.1(b));

----- [ T T PR TP P —— T - - e e -----

X"{ 0.25 ° 050Ei07ql}1oo 1251150i175 2.0 | 2.5 }3.0
R*{ 0. 150 0240'0313 0372 0427 0478 0526 0567 9637'0687

b s

——————————————— o ————— S

x| 3.50 I4005450i|
i

5.00 ; 5.50 6ooi65o :7oo 7:nl]000
R'| 0.728 0.757]0777{0.790; 0.793' 0.767] 0.780! 0, 760. 0.730° 0.693

B et L el IR I -uu-ui-- LX

t ]
X" 9.oo 9.50 $0.00 HC.50 | 1 00 il1.50 }qz 00 {12.50 113 00 i13. 1?6
R" ! 0.620 | 0.577 | 0.527 | O. 474; 0.4221 0.3671 0.313; 0.2501 0.181 % 0.176

§

1,
s

The store was tested with and without small cruciformtail fins. The

di rren5| ons of the fins are given in Fig.1(b). The fins were positioned at
45° to the vertical . The quarter-chord point of the nean aerodynamc
chord of the fins is 0, 41&18 aft of the store md-point.

Pylon

The pylon was untapered and swept forward relative to the wing at an
angle of 53.5" (this angle being defined such that a vertical pylon would be
unswept ). The pylon chord was equal to half the store length. The aero-
foil section was basically R.A.E.102, 5% thick based on a chord of 7.900"
but was truncated at 6.588" to give a thick trailing edge. The thickness/
chord ratio based on the actual pylon chord was 6% (see Fig.i(b)).

3.2.3 liechanical Details

The stores on either wing panel were attached to the undersurface of
the wing by means of a six-conponent strain gauge bal ance and a strut which
as shown in Fig,1(b), passed through the hol low pyl on with a small clearance
gap on all sides. On the port wing, the pylon was attached to the wing and
not to the store and thus, the balance neasured the | oads on the store in
the presence of the pylon and the wing (these are referred to subsequently
as the STORE PIUS PYLON-INDUCED (S) IOADS.,) On the starboard wing,
the pylon was attached to the store but not to the wang so that the bal ance
on this side measured the |oads acting on the full store/pylon assenbly in

[the presence of...
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the presence of the wing (these are referred to as the ToraL STORE 2IUS
PYLON (SP) 10aDS), A clearance gap of about 1/16"was provided between
the store and the bottom of the pylon for the (S) case, and between the top
of the pylon and the wing forthe (SP) case. It was felt that these gaps
woul d not be large enough to have any substantial effect on the neasured

| oads. Anal ysis of the results show that the fin contribution .to the
woads IS as nuch as 20% higher fromthe ?SP) results as conpared with the
(S) results. The major part of this difference is probably due to the
forward effect of the fins on the pylon load and without further testsit
I's inpossible to separate this fromany effects due to the gap in the

pyl on-store junction which mght have caused disturbed flow over the fins
In the (S case. In any case of doubt the results for the (8®) case should
be the nost reliable.

4 DETAILS OF TESTS

~ As noted above, tests on the store with its tail-fins were nade at
five alternative locations as shown in Fig.1(a): at X = 0, 0.15 and 0.50

for y, = 0.50, and at X, = 0. 50, Yo = 0.30 and at X, = 0, ¥y = 0.75. Al so,
the store without fins was tested at the three [ocations at m d semispan.

For nost of these configurations, tests were tide at nom nal Mach
nunbers of 0.60, 0.90, 0.96, 1.02, 1.20 and 1.41. A few tests were
al so made at MnOm = 0.80, 0.99 and 1.10 to confirmthat the Mach-nunber

val ues chosen for the main test programze Wwere adequate to define the
transonic trends in the variation of store |oads with iach nunber. The
tests were made at a stagnation pressure of 1 atmosphere and the Reynol ds
nunber based on the wing mean chord varied fromabout 4.0 x 10 at 1 =
0.60 t 0 abgut 5.0 x 405 at M = 0.90 and above. dn i nCi dené:,e range fro
-3 to +12° at g = 0%nd a sideslip range of *5° at a = 0°, € and 12
was covered at each Mach number for ‘each store configuration.,

Transition was fixed with bends of 0.004" - 0.005" Ballotini in
Araldite as fol | ows :

(a) On the wang: round the | eadi ng edge and back to @.10c on
both surfaces,

(b) On the fuselage: a band round the nose, 13" wide, centred 5"
from the apex,

(c) On the pylons: from 0,05 to 0.100 on both surfaces, 3
(@) On the stores: a band round the nose, ¥ wide, centred #* from apex,
(e) On the store fins: fromo,05¢ to 0.,10e¢ on bhoth surfaces of all fins.
In addition to the test configurations quoted above, an additional
test was made on the clean wing-fusel age with no stores or pylons. _This
was to determine the incremental effect of the stores on the overall aero-
dynamc characteristics of the conplete configuration. These data are
however not included in the present note.

5.  ACCURACY & RIDUCTICN OF RISUITS

Appropriate tunnel constraint corrections to nodel incidence were
applied but no corrections were made for the effects of nodel bl ockage on
llach nunber and dymamic pressure. Near 1i = 1.0, the nom nal ilach nunmbers
should be corrected for nmodel blockage: earlier tests on various nodels of
this particular wing-fuselage configuration showed that Moom = 0.96 shoul d

correspond to about ¥, . .=0.945, Mmm = 0.99 to about Mcorr=°‘97
and ¥ =1 02 to about Moo= 0.99, with the other liach nunbers of the

[present tests.....
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present tests being unaffected. ~ Corresponding corrections shoul d-really
have been apPI ied to the dynamc pressure but this onission should not have
any nmarked effect on the conclusions drawn fromthe present test'data.

. The angles of incidence and sideslip have been corrected for the
deflection of the main sting and bal ance under load. o all owance has
been made for the small deflections of the store/pylon assenblies under
load, or for the interference effects caused by the gaps at the.store- . ‘
pyl on and pylon-wing j unctions. As noted earlier, the paps at the store-- .
pylon j unctions mer hawe scme effeotigiy.tho flew over the aft part of the
atere, Hence it would be-betier t0 determine' the fin-centributions from
the (SP) loads, remomberding that these Wi || then. include sny forward effects
O the fins on the load on.the pylon.

The accuracy of the results in coefficient form varies with Mach nunber
owing t0 the associated changes in dynamc pressure. -Based on the repeat-
abilrty of results and a conponent inst rument resolution of +2 digitizer
counts, the balance sensitivities are such that the general accurdcy O the
present results 1s believed to be as follows for both (s) and (SP). loads:

) M 0.60 1.02 1.41
Cy +0,027 +0.014 +0,012 -
-cn £0.0022 /| +0,0012 +0,0010

. More scatter than this was observed for the (SP) loads for the test on
the unfinned store at x, = 0.50, Y, = 0.50; however, it was found after

this test that the pyl on nounting was somewhat |oose: Despite the increased
scatter, the mean curves drawn through the results .of this particular test
should still be reasonable. o

6. PRESWSTATION OF  MEASURED . Loap. DATA

The basic store and store/pyl on sideforce and yawing moment.data
pl otted against incidence and sideslip for the various store locations are
presented in Figs.2 - 9, The variation of Cy and Cy- "(fins on and off)
. s SP o
With incidence iS given in Fig,2for tHe three chordw se locations at md
semispan and. the results for the three spanwise positions are conpared in
Fig.4" Flgs.6 and 8 show the variation wth sideslip for various incidences
and store |locations. The corresponding yawi ng noment data are given in

Figs.3, 5, 7 and 9 for-the sane range of variabl es.

It should be noted that the (8) .balance is |ocated on the port and the
(SP) balance on the starboard w ng. Thi s is.immaterial when considering
the variation of sideforce with incidence at zero sideslip; but it is
| nportant when consi dering sideslip effects. For instance, positive
sideslip (nose to port) at zero incidence produces negative (outward)
sideforce on a store located on the rearwaniéport) wing panel, and
positive (inward) sideforce on a store located on the forward (starboard)
wing penel. This is a function ofthe chosen sign convention because the .
sideforce On either store is actual|y acting in the same direction,(i.e. to
port for positive sideslip). It iS cosvenient t her ef Or e shen presenting
the variation of sideforce with sideslip to plot the (S) and (SP) results
together on one sheet but it nust be remenbered thatthe results are
obtained from stores on different wing panels. The | oads measured on a
Bort store at positive sideslip are equivalent to those measured on a star-
oard store at negative sideslip..
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It will be seen fromFigs.2; 4, 6 and 8 that except at negative
incidence, for both the {8} and (S?) loads, the sideforce varies in an
approxi mtely linear manner with both incidence and sideslip for all the
configurations tested and over the full liach nunber range of the tests.

The data can therefore be analysed in terns of three quantities, CY (i.e.
[«]
the sideforce at a= g = 0%, aC,/da, and ac,/dg. The variation of these

quantities with Ifach nunber and store |ocation are plotted in Figs,10, 11
and 12 respectively. dCY/dﬁ has to be treated as a function of incidence

and so val ues are shom in Fig. 12 for a = 0%, 6.5° and 12,9°.

In contrast to the sideforce data, the variation of Cn wi th incidence

can be very non-linear, particularly when the store has tail fins. The
variation wita sideslip i s still reasonably linear, or to be nore precise,
the values for negative sidesliip are simlar to those for positive sideslip.
Val ues of C_, dcr/da and dc_/dpg are presented in Figs.,13, 14 ana 15

respectively. °  SBince an/da varies with g, two sets of values are plotted

in Fig.14 corresponding respectively to g = 0° aad to hi gh positive
i nci dences.

The values of Cn as presented here are referred to the store md-point.

This is clearly a suitable choice when considering the monent of the (9

| oads about the pylon-store fixation but it is not necessarily relevant when
consi dering the noment of the (SP) |oads about the pylon-wing fixation. s
it happens, however, for the present configurations, the store md-point

lies imediately below the leading edge of the pylon at its junction wth

the wing and so this is still quite a reasonable choice as the x ~ coordinate
reference centre. If this is indeed the case for a practical installation,
Figs.3, 5, 7 and 9 show that the maxi num val ues of c, for a given store

configuration can be estimated if oaxe knows Cno, (dcr/da) a = o° and dcr/dﬁ.

This is certainly true for the finned stores for which increasing positive
inci dence nearly always tends to reduce the values of € .  This is therefore

the justification for presenting the data in the formof Figs.i3, 44 and 45.

It is arguable that a mor~ appropriate monent reference centre for the
(SP) loads mght be the quarter-chord point of the pylon at its junction
W th the wing. Examnation of the data shows that this would tend to
increase the chance that critical (positive) yawing noments night be
encountered at large positive incidences. On the whole, hovever, it would
appear unlikely that this change of moment centre would materially alter
the conclusions derived directly fromthe yaw ng nonent data as plotted in
this note.

Nevertheless it is clear that the fact that the variation of anith

incidence can be markedly non-linear and the possibility that nore than one
moment reference centre may be significant for a given practical installation
conplicates the analysis of the yawng monment data. Instead of just consider-
ing the values of C_ about a particular mement centre, it may be better to

think in terms of the following three quantities : Cn , the derived

6]
positions for the centre of load and finally, the maximum val ues of Cys

Fi g.16 shows how the fore-and-aft centre of load typically varies with
incidence at a given iach nunber; data derived from the (SP) loads, fins

off or on, are given for the three store chordw se positions at md semispan
at three test Mach nunbers. It will be seen that the position of the centre
of load becomes somewhat indetermnate at a small positive incidence; this

condition corresponds to where CY = 0, i.e., the iancideace contribution to CY

is just sufficient to cancel the Cy term At higher positive incidences,
(6]

the general tendency is for the axial position of the centre of load to

appreach t he st oremd-point. |f this is the appropriate msment centre

frem a stressing point of view, it follo.,s that the critical stressing case

fcould well......
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coul d well correspond to a noderate positive incidence rather than a

positive incidence. Yor this reason, it was decided to choose g = 6,5.as

as typical incidence for which to” show ow the position of the centre of [oad
vari es yith rach nunber. This variation is plotted in Fig,17 for both the,
(s) and (SP) loads, fins on or off., This figure shoul d not be used too
indiseriminately, It should be renenbered that‘as noted earlier,.the .
maxi num values of C for a given installation are likely to depend principally

on the val ues of c% and dcn/dﬁ’ ; at positive J.nc;t.dences, t he ccmtr:.but:.on

due to incidence will generally-tend to reduce the momtX, it is emly at
negative incidence that this-term-vill have to be added to the other two
and then,' as shown in Fig.16,the position of the centre of | 0ad may be"
quite different' fromthe results plotted for ¢ = 6,5in Flg.17

The product of the sideforce On the store/pylon and the' depth of the
centre of load below the pylon-wing fixation gives the root _bending nmonent
about this fixation and so to conplete the picture, Figs.18 and 19 provide.
sone typical data for the depthwise position of the centre of load’on the
full store/pylon assembly, These positions are' obtained by leldlng the
measured rolling moments on the store/pylon-by the measured sideforce
val ues . In Fig,18, the depth of the store |oad centre, non-dimensionalised
with respect to 2 ox? t he distance between the store centre-line and the -

wi ng chord plane, is plotted against incidence for three test Hach nunbers
while in Fig.19, the variation with liach nunber is shownfor the maximam-
test incidence, 12.9'. A conparison is provided between the results for'
the three store chordw se positions at md semspan.. -Figs;18 and 19 are
effectively the s-equivalents of the x-picturez of Figs.,16 and 17, " The
only distinction is that when considering the s-load centre: and hence tae
bendi ng noment about the pylon-wing fixation, it seems reasonable to assune .
that the 'critical stressing case will correspond to an extrene incidence
condition; this contrasts sith the argument put forwerd earlier for
considering an interm:diate i nci dence when dealing with the yawing moment
data.. This is the reascn for choosing a = 42.9” as a suitable,incidence -
in Fig.19 rather than a = 6.5 as in Flg.17* Dt :

The centre of the (8) load on the stores With tail fins can-lie below
the mean plane of the store whereas with the unfinmed stores,. the epposite .

tendency iS apparent. The effect of the fins is simlar when one consi ders
the (SP) load centres: , The effect is presumably due to interference .
between the pylon wake and the upper fins resulting in the |oad on the upper
fins being Iess than the load on the ower fins.  This result is.important
because it tends-te increase the bending noments for the'finned store about

both the pylon-wing and the pylon-store fixations. . . .

7.  SUDPLE ENT4RY DsTA_TO Her2 T THE ANALYS|S (F RESULTS

7l Local Flow Field Daj:_e.

No-act ual measurenents were made of the |ocal flow fields beneath the '
wi ng-fusel age configuration of the present teuts, Fortunately, however,
data were available fromN,A,S,A, sources for a fairly simlar wng-

fusel age layout. The two designs are conpared in Fig.20; for conveiience,
the wing-fuselage of the present tests is referred to in the subsequent
di scussion as the “A,R.A, wi ng-fusel age". It will be seen that.there are

differences between the two designs in the wing aspect ratio, taper ratio,
leading-edge sweep and an the ratio of fuselage dianeter to wing span,
These differences will have some effect on the absol ute values of the |ocal
sidewvash and dynamic pressure below the wing-but the flow fields shoul d
still be simlar qualitatively - at least for the iach-nuiber rasge for
which the wing leading edge remains subsonic. v

# One should not rule out the possibility that for the operational envel ope
of an actual aircraft, the negative-g case coul d possibly produce the nore
serious stressing cond|t|on but this would not be true of the incidence'

range of the present tests which did not extend below a = -5

-

[Local flow field data...



Local flow field data forthe N,a,S.a, Wing are available for both
subsonic and supersonic speeds. Ref.4 gives data obtained at 100 m p. h.
in the Langley 7t x 40ft tunnel while Ref.5 gives data obtained at M=
| 61and 2.01 for the same wing but with a slightly different fusel age
(see Fig.20). The inportant question i s whether the results obtained for
the NA S.B. wing at ! = 1,61, when according to linear theory; its |eading
edge shoul d be supersonic, are really relevant to the analysis of the
present test data bearing in mnd that throughoat the test isch-number
range up to M = 1.41, there is no doubt that the |eading edge ofthe AR A
wing would be subsonic; However, the Schliezen photographs in Ref.6 show
that the |eading-edge shock of the N,A S A wing is still detached at M=
1.61. This is confirmed by the local flowfield data reproduced in the
present note, e.g. the contours of |ocal Mach nunmber as plotted in Fig.21.
It is explained in Ref.6 that the I|eading-edge shock is still detached at
M= 4,61 because of the effects of the finite wing thiclmess, It is shown
that for 'wings of the present thickness/chord ratio and sweepback, one can
assune that the flow field that actually exists at say, M = 4.60 roughly
corresponds with what would be predicted by linear theory for Il = 1.40. It
follows that the flow field data obtained at M= 1.61 can be used as a
general guide to the local flow conditions under the ARA wng at the
supersoni ¢ Maech numbers in the present tests. The only point to remenber
I's that whereas at subsonic speeds, one woul d make the conparison at a given
x/c, 2y/b and z/c, the conparison gt supersonic speeds should be made foOr
poi nts which are in about the same position relative to the wing leading-
edge and trailing-edge shock fronts. This has several inplications: one
shoul d consider the nett wing rather than the gross w ng; - the coordinates
z and y should strictly be measured fromthe Mach-line through the wing
root |eading edge and finally, z is more significant than z/c. This |ast
point is particularly significant for a tapered wing; in Fig.21, lines at
a constant z of 2,4 are included on the'three pictures to illustrate how
z/e for a given z varies across the span

Since the flow fiel d daafomthe N.A.S. A tests are only being used
as a general guide, the actual accuracy of the basic data is not too inpor-
tant but for the record, it should perhaps be quoted hers. Ref.4 states
that the measured sidewash val ues obtained in the tests at | ow speeds shoul d
be reliable to an accuracy of better than #1.5° and the | ocal dynanic
pressure ratios should be within +0,025. Ref.5 quotes the accuracy of the
supersonic tests in the form that the total local flow angularity (which can
be taken as approximately v2 X the local sidewash) should be given to about
+10% with an added uncertainty in the region of the |eading-edge and
trailing-edge shock waves. Trhe sidewash contours etc. included in the
present note should be accurate to a better standard than just quoted
because of the effective snmoothing of the data inplicit in the draw ng of
these contours

Information derived fromthe J,.:,5.A. flow~field data is given in Figs.
21-27. I't should be emphasized that these particular figures, e.g., the
sidewash contours were not presented in the original references; they
have been derived by suitable cross-plotting and interpolation. Also, t he
results are analysed in greater detail than in the original references.

An alternative to using the NA S. A experinental data woul d have been
to calculate directly, e g., by Refs. 4, 7 and 8,~the local flow field
beneat the A R A wing-fusel age. As explained in Ref.1, however, this
can be very |aborious and the end-product is often still only accurate
enough for a qualitative estimate of the store | 0ads. Hence it was not
attenpted in the present case except that some estimates were nade of the
sidewash due to incidence at supersonic speeds using the charts of Ref.7.
These are given in Fig.26 and discussed below in section 7.1.2. Severa
reasons can be put forward as to why even when one knows the |ocal flow
field accurately, one can still only obtain noderate estimates of the |oads
on stores placed in these flow fields. For example, NO allowance i S
usual |y made fou the effect of a pylon on the £flew field; also, as shorn
in Figs.22, 24, tiere can be very rapid changes in the |ocal sidewash over

[ a very short distance....
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a very short distance particularly in the x~direction-and hence it is
difficult to obtain sensible nmean Vvalues; again, the direction of flow

over the rear of a store and its tail fins Ny depend Significantly not
nerely on the |ocal sidewash induced by the wing-fuselage at the position of
the fins but also on the |ocal sidewash acting over the nose of the store.

To help in understanding hos a typical local flow field can induce a |oad
distribution along the length of a store, an exanple has been extracted from
Ref, 9, plotted In Fig.28 and di scussed bel ow in section 7.2.

The main features of the.local flow field data presented in Figs. 24- 27
are considered under three headings : t he sidewash at zero i nci dence (7.1.1),
the sidewash due to incidence (7.1.2) and the local dynanmic pressure (7,1.3).

Z.1.1. local Sidewash At Zero |ncidence o -

Fig.22 illustrates how the local sidewash near md semispan varies with
depth bel ow tne wing at both subsenie and supersonic speeds. It is clear
that, as would be expected, a close correlation exists between the contours
of constant sidewash and what one might expect-to find as the contours of .
local Mach nunber. I nportant distinctions can be drawn as fol [ ows between
the local gidewash al subsonic and at supersonic speeds, viz,

(1) At subsonic speeds, ring-induced sidewash IS present well
ahead of the wing |eading edge (and al so, although this is
less inportant in the present context, well downstream Of
the trailing edge). At supersoni c-speeds, w ng-induced
sidewash IS confined to the region between the wing | eadi ng-
and trailing-edge shocks, x

(2) At subsonic speeds, the local flow field-dies out below tine
wing iN a @ireclion noima’l t0 the wing chord but at supersonic
SEeeds, the flow field is propasated rearward and downward in
the divections of the local ta.h-lines, This can be seen by
comparing the contours of constant sidewash in Fig,22(b) wath
those of Tocal Imch number in Fig,21(b),

(3) The rate of decay of the local flowfield with depth below,
the wing i s more rpid at subsonic than at supersoni c speeds.
For example, in Fig.22 at say, z/c = 0.6, the local sidewash
i nduced by_the wing at |ow speeds woul d not be greatér than
about +0,5%at *any chordwise positions Whereas af i = 1.61,
val ues ranging fronr3:% to -1.% are observed, -

(4) Except possibly very close to the wing surface, the local.
angl es of sidewash are nuch greater at ii=1.61 than at low
subsonic saeeds. Positive sidewash, i,e, flow OUt towards
the wing tip, is observed ahead of either the Teadi ng edge
(subsonic speeds) or the Mach-line originating from near
the leadang edge (supersonic speeds), i.e. between the .
leading~edge shock, and the iach line fromthe |eading edge.
Aft of this, the local sidewash 1s negative with the maximom
val ues being observed roughly bel ow the wing maxi mum t hi ckness
at subsonic speeds but just ahead of the wing trailing-edge
shock at supersonic speeds. For a typical store depth of
say z/c = 0.2, the maximum positive and negative val ues of
local _sidewnsh are near £1.5°at” "ow speeds but are as high
as +6° and -3~ at ¥ = 1,61, On the other hand, the
variation of local sidevash with chordwise position is nuch
greater at supersonic speeds and therefore it is likely
that for many stores, the effective mean val ues of sidewash
woul d not show the sane order of increase Between Subsonic

and supersoni ¢ speeds. -

It is evident that not only is the sidewash distribution over a store
likely to vary significantly <ith liach nunber but al so such variations are

closely dependent on the store depth and chordwise positaen. To take just
one illustration of this point, let us consider the effect of increasing the

depth of a store having ats nose just ahead of the wing leadiag edge and its

[tail fins below. ...
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tailfinshel ow the wing maximum thickness.  At.subsonie speeds, theside-
wash over the store nose woul d decrease menotonically with inereasing ‘store
depth but at supersonic speeds, the sidewash would first &crease and then
suddenly vanish altogether as the store nose protruded aheed of'the |eading-
edge ghack, T sidewash over the tail fins would al so decrease nonotonically
wi .a i Ncreasing store degth at subsoni ¢ speeds but at supersonic speeds, it

woul d not only decrease but would ultimtely change sign becom ng positive
rather than negative. ..

Fig.23 shows how the |ocal sidewash is likely to vary with spanwise
posi tion. The contours of constant sidewash at subsonic speeds are plotted
for a constant z/c (0.15) while for 1f = 1.61, they are plotted for a constant
val ue of z which corresponds to z/c = 0.276 at 0.25 X semispan Or 0.56 at
0.85 X semispan (Owing to the wing taper). It will be seen that at |ow
subsoni ¢ speeds, the |ocal sidewagh tends to decrease with novenment out from
the m d semispan position. This is in striking contrast with tie results
for M = 1.61 vhich show that both the maxinum positive sidewash dowvnstream
of the wing |eading-edge shock and the maxi mum negative sidewash upstream of
the wi ng trailing-edge shock increase greatly as one noves ouat across the
span Gomparingothe val%es for y =70,25 and 0.85, these increase from 3
to ¥ and fram —5 to -2 respectively. It should be noted that the chord-
wise distribution of |ocal sidewash at supersonic Sﬁeeds depends on the
position of the wng |eading-edge and trailing-edge shock waves. Thi s mezus
that at |ow supersonic speeds, when the |eading-edge shock is lying well
ahead of the wing leading edge, the maximum pOSitive sidewash will occur
further ahead of the |eading edge at the outer spanwise positions.  This
would have been even nore apparent if the contours had been plotted for a
given z/c rather than a given z, It does not necessarily follow therefore
that the mean effective sidewash over the store at a certain depth and chord~
Wi se position would increase as the store was noved outward but it is clear
that this is likely to happen in many cases.

7.1.2  Sidewssh Due To |ncidence

Figs.24 and 25 present data for a= 8° corresponding to the results in
Figs.22 and 23 respectively for a=0° Unfortunately, the tests at i: =
1.64and a = 8 only provided data for one particular depth bel ow the w ng
(2/c = 0.37 at ¥y, = 0.55). The coatoursin Fig,24(b) can therefore only te

drawn |ocally near this particular ‘depth and even then, only by anal ogy with
Fig.22 {b). To supplenent these sparse supersonic data, therefore, estimtes
were made of the sidewash due to incidence at M = 1.41under the A R A wng,
using the charts of Ref.7 The results are shown in Fig.26. © These charts
are based on linear theory and hence as noted earlier, these val ues derived
for M = 1.41 shoul d be reasonably consistent with the experinental data for
M = 1.64 now being discussed. To obtain data corresponding to the |oads on
stores underneath the 43 R A wing at M = 1.41, the calculations Shoul d have
been nade for a' lower Mach nunber. These extra cal cul ations have not been
carried out but it is easy to see that the main difference fromthe results

presented here would arise fromthe lower sweep of the |eading-edge and
trailing-edge shock fronts.

Many of the differences between the glow patterns at subsonic and
supersonic speeds already noted for a'= 0 continue to apply in the results
for @ = 87 For example, at subsoni ¢ speeds, the wing-induced sidewash
still amounts to about 3-at 0,5¢ ahead of the wing |eading edge =~ the
forward |limt of the present test data - and it is unlikely to be insigni-
ficant until 4,5 ahead of the |eading edge whereas at supersonic spee
is confined to the region dovmstream Of the wing | eadi ng-edge shock. #

S, It
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* Strictly, the test results for M = 1,64 indicated a [ocal sidewash of
about -Z ahead of the wing | eadi ng-edge shock and downstream of the
wing trailing-edge shock but this is presumably the sidewash induced
by the incidence of the fuselage.
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The later analysis of the store |oad data will be based on quantities
such as Cy and dCy/da rather than the values of Cy at say,a 7= 8%, . It is
0 .

appropriate therefore to reger primarily to the values of (c/a) rather than
to the values of o at .= 8%  First, the values of &/a) are-everywhere
positive, i.e, flow outward tovards the wing tip.  The maximum val ues of
(Ua) occur bel ow the wing | eading edge at subsonic speeds and near the
liach-line originating fromthe wing leading edge at supersonic speeds. It .
s In these regi ongn%hat the val ues are nost sensitive to the depth-bel ow

the wing. For exanple, Fig.26(b) shows that at ys = 0.50, a change from

2/c = 0.140 t0' gz/ec = 0,226 can reduce the maxi mum velue of (5/a) derived
for 1 = 1.41 by about 30%; the effects aft of about md-chord are fairly
small, At subsonic speeds, the variation in (c/a) with depth would tend
to be rather greater than at supersonic speeds.

Within the range of the available data, the values of (g/a) .tend to
increase with distance out along the span, This trend is more pronounced
at supersonic speeds. For exanple, Fig.26 shows that in a traverse at the
constant depth selected for the store positions of the present test investi-
gation, the maxinumvalues of (c/a) increased fromabout 0.32 at y, = 0.30

to about 0,8 at ¥, = 0.75. If the traverse had been nmade at constant z/c,

the increase would have been even greater, i.e.-from about 0.32 to about
1.00. !

These effects of spanwise position do not merely apply near the wng
l=ading edge; they persist over the whol e range Of ehordwise vositions for
which there is any wing-induced sidewash. - For exanple, they-would affect ,
the loads on the tail fins of the store. Fig.26(a,c) includes' lines showing
the locus of the quarter-chord point of the store fins vhen the store is
moved spanwise at x, = 0. Due to the wing taper, this point noves from

0.35¢c at y_ = 0.30 through 0410at y_ = 0.50 to 0.55¢ at ys_'= Q.75.

Despite this rearward novenent, Fig.26 shows that (c/a) still increases
consi derably -with novenent out along this |ocus.

The contours of constant gidewash at a = 8°-as plotted in Figs.2, 25
depend on the relative contributions fromthe sidewash at zero incidence and
the sidewash due to incidence. The rel ative proportion of these two contr: .
butions i S not the same at supersonic as at subsonic speeds and this leads to
certain differences in the final results. For exanple, the maximm side~
wash at a = 8 occurs below the wing |eading edge at subsonic speeds in
synmpathy with the variation in the values of o//); at 11 = 4,64, however,
the maximumval ues still tend to appear just downstream Of the wing leading-
edge shock because of the high:values already present in this region at
zero incidence. The effects of spanwise position could be analysed in a

similar manner e.g., at subsonic speeds, 'the changes between the results
for y, = 050and y_ = 075at a = 07, tend 0 Oppose t he changes due to

incidence whereas at supersonic speeds,, the effects tend to be additive.

7.1.3  Iocal Dvnamic Pressure

Typical results for |ow subsonic speeis extracted fromRef, 4 are
presented in Fig.27. The top figure cheyms the variation in dynamc pressvxe
ratio with chordwise position and incidence at z/e = 0.15 Yg = 0.50, while

the bottom figuve gi ves the variaiion with (g/e) at a = @°,

At zero incidence, wer most.of ‘the chord, the |local dynamic pressure'
is higher than the freestream value, reaching a maximum bel ow the wing
maximum thickness; for z/e = 0.15, this maxi num amounts to about 1.10.
77ith i ncreasing positive incidence, the local dynam c pressure below the
wing is reduced with the mninumvalues occurring bel ow the wing | eading.
edge. By a = 8, the mnimumfor z/e= 0.15 is about 0.82.  Similarly, at
negative incidence, the opposite trend is observed and by a = -78‘°, valrues

/ for (¢/q,) greater than.. .
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for (o/q,) grenter than 1,25 are obtained over all the forwardpart of the
chord at z/e = 0.15with a |ocal meximum as high as 1.50.

It follows that the variation of the |ocal dynamic pressure ratio with
incidence will tend to reduce the store side loads at positive incidence but
increase them at negative incidence. This is one of the reasons why the
negative-g condition should not be forgotten when assessing what mght be
the critical stressing cases for a given store installation.

- No figure is presented for the local dynamic pressure ratios at super-,
sonic  speeds. Anal ysis of the data in Ref.5 suggests however that except
possibly in the regions of the |eading-edge and trailing-edge shockwaves,

t he dynamic pressure ratios are then mich close:» to 1.0 than those shown in
Fig.27 for subsonic speeds. At supersonic speeds, therefore, it is
reasonable to relate the store side loads with just the local sidewash
distributions.

7.2  Typical Side Ioad Distributions Cn Underwing Stores

The di scussi on above has shovmn that the |ocal i-sing-induced gidewash and
the dynamic pressure is likely to vary considerably along the length of a
store mounted underneath a swepthack wing. Hence, even when the sidewash
distribution is known,it may be difficult to estimate the side load distri-
bution and hence the overal|l sideforce and yawing nonent on a store/pylon
assenbl y. This is-the correlation that is attenpted later in section 8
when ahalysing the store |oad neasurements of the present tests. Since
these did not actually include any pressure plottiag on the store and hence
any side |oad distributions, it seened worthwhile reproducing some results
fromRef. 9 to serve as a background for sone of the remarks in section 8.
These side load distributions were obtained at |ow subsonic speeds and
typical results are presented in Pig.28. A streanlined store of fineness
ratio 6.5 without tail fins was first tested in isolation at a= 0°, 8 = -5°
It was then positioned at 0,25¢ beneath the m d semispan section of an & e
thick, 40 swept port wing panel with the store mid-point at 0,i42cbehind
t he local \g—#ng | eadi ng edge, and sidat'oree g’istribut%ons were Obt ai ned at
@« =f= & a =z0".8 =-5 and a=8", B =0. Finally, the store
was attached to the wing by means of an unswept pylon of chord 0.295¢ -rith
the pylon |eading edge coincident with the wing | eading edge, (see sketch
on Fig.28).

The distribution of side load on a store in isolation at an angle of
sidealip A Wi ll depend on the store shape. For a store with an ogival nose
and tail, with a cylindrical centre section, potential flow theory for
bodi es of revolution predicts that-the nose and tail carry |oads of equal
magni tude but in opposite directions whilst the cylindrical section carries
no |oad. Hence according to potential flow theory, the side load on such a
store woul d be zero but there would be a | arge yawing nonent.  Viscous fl ow
effects nodify this theoretical loading over the tajl of the store and as
shown by the curve for the isolated store at # = -5 in Fig,28(b) the |oading
over the rear is then insufficient to conpensate for the loading over the
nose of the store.* Integration of this distribution for the isolated
store gives CY = 0,064 and C, = 0.085 (relative to the store mid-

IS0L ISOL
point as the moment reference centre) and the centre of pressure at about
0.83 store | engths ahead of the nose of the store.

When the store is posagioned beneath the 10° swept wing, Fig.28(a
shows that at @ = 0, 8 =0, the wng-induced store side load is already of
consi derable  magni t ude. Over the nose of the store, the load is negative
because of the positive sidewash (Fig.22(a)). Over the nid-part of the
store where the side load is greatest, the load is positive partly because
the sidewash aft of the wing | eading edge is negative (Fig.22(a)) and

partly as a consequence of the positive sidewash over the nose of the store ~

* A meithod for the estimation of The Toads on isolated stores of simlar
shape is given in Ref.0.

Lini Fii

/| wthis interrelation is deduced...
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- this interrelation is deduced fromthe load distribution on the isolated
store, -, Towards the rear of the store, the |oad decreases and ultinately
again changes sign;' these trends are partly due to the decrease~in:local .
sidewasgh towards the wing trailing edge and partly because of boundary-Iayer
effects related t0 the pressure gradients over the mid-part of the store.-
Integration of this load distribution given in Fig,23(a) gives Cy = 0u

s

and c“s =0-for g=pg= 0°. ' Host of the side load in this exanple is
¥ -

induced near the St Ore mid-point giving zero resul t ant yawing moment but

this is a function of the particular position of the store relative to'the

wing. Achange in this position woul d modify the gide | oad distribution.

The addition of the pylon to the store at ¢ =g = § gi ves a pylon-induc ed

| oad over the store downstream of a point just ahead-of the pylon:leading

edge. The sign of this pylon-induced |oad is positive as would be expected

since the local sidewash over the pylon is negative (Fig.22(a)) and the--

magni tude of the pylon-induced | oad should be a di rectlguncti on of the

magni tude of the local sidewash near the pylon-store junction.

The wing- and pylon-induced effects are al nost independent of s_i@esl;p
as can be seen by comparing the wing and pylon-induced load distributions in
Fj,g_zs(b) for a = 0°, g =-5 wWththosetor g =g ~=0 givenabove.

Pig.28(c) shows how the wi ng-induced effects increase as the incidence
is increased to 8  For the store in isolation, there would of course be
no side load at &« = 8,8 = 0 and therefore the curve marked "no pylon"
shows-t hewing-induce‘g.effectsb. The formof thiscurve is opposite to that
shown above for.a =0, A = -%' and this i S besause the |ocal sidewash over
the store-is positive {Fig.24(a))., Its shape is different in detail however
W th mch larger local |oad values near x = 0,3 = 0.1.:1s followed by a m)r’é.‘

rapid change to a load of the opposite sign. These detailed differences . .
correlate with the fact that the local sidewash W || reach a maximum near *
X = 041, because this point is below the wing |eading-edge;- Simlarly; it

I's the decrease in the local angles of sidewash towards the rear of.the stae
that accounts for the nore pronounced reduction in the loads in this region
as compared with the distribution for the isolated store.?, .The | 0ad distra-
bution as shown in Fig.28(c) is therefore clearly a function ofthe store
chordwise position and would be nodified if this position were, changed.
Despite the non~uniform nature of the flowfield, it should be possible-,to
derive a qualitative idea of the load distribution fromthe |ocal sidewash
distribution together with the side |oad distribution on tie isolated store.
I't is inportant to realise however that except near the nose of the store,
there i S not just a sinple correlation betueen the |ocal sidewash snd- the -
local side load at a given point; the [oad wer the rear of the store.
depends not merely on the |ocal flow conditions but-also on conditions.over,

the nose.

The Pyl on-induced | oad distribution changes:sign.between a-= 0> and .
« =8°; the negative load at "a = 8"~1s associated with the |arge-positive.
sidewash in the region of the pylon-store junction (Fig.24(b)). Comparisen
of Fig,28(a? and (c) show that the pylon is likely to give a | arge increase
in the absol ute value of dCY /da but since the main effects are confined to
S

the region of the pylon-wing junction which is fairly symetrical relative’
to the store md-point, the pylon effects on . wild be |ess pronounced. ,

For the three test conditions of Fig.28, the following sideforoe and
yaw ng moment coefficients are obtained by integration of the-"wath pylon®-
and "no pylon" distributions (8 and' SV values respectively):

Q -

a = B=0 : = 0;26, c_ =000 ; C = 0,11, C =0
CYS % . Tgr bl

o 203950 0p=0.60,050 . 08 2 -‘-éYs-F 0.20, 1y _="0.087

) !
] 'o e o - ) -

a =8:=0 : cy =046, c_2z-0.102; C, ==0,41; c_ ==0,11

i5 " ng gy gy Tt

| The unfinned store-gwept.....
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It is probable-that too mueh attention should not be paid to the
reduction in IdCY/dal et small negative incidences. It is-quite possible

that at larger negative incidences, IdCY/da[ increases again: for exanple,

it was noted earlier that at subsonic speeds, et least,.an increase mght be
expected due to the higher local dynamic pressure rati 0s over-the store at
negative incidence (Fig.27). For the rest of the dlscuBSlOn therefore, it
seens sufficient to consider the three quantities, %, dcx/da and ac,f/d,@

as deduced from the results et positive incidence and to note how these vary
with store position and Mach nunber. There is a significant incidence-
31ded1:|.p Cross- coupl ing effect and so dCY/dﬁ must be treated as'a function of
i nci dence.

8.1.1. CY ,;Th.e_‘Sideforqe at g =p8 = po
The variation of €y with Mach nunber forthe three store chordwise
(0]
positions et nid semispan i S shown in Fig,10(a) and for the other spanwise
positions in Fig.1Qh). The trends for the further forward store positions,

-0 and 05 are mach as predicted in Ref.,1, but the variation In cl’

W|th store chordwise position and to a Iesser extent, spanwise position’is
nuch greater than suggested in Ref.1.

With x. = 0 and 015C, is positive at subsonic speeds. tending tO .

Y

0 y

rise to a maximam near ii =1.0; et supersonic speeds. CY decreases with-
(0]

i ncreasi ng liach nunber, becom ng-negative beyond a kach nunber that is near

M=1.3=14for X, = 0 but is beyond the test range for; X, = 0.15. With

X, = 0.50, at subsonic speeds below about M = O, 90, Cy is' rmch snel | er

0

than for the further forward Sstore positions; between N =-0, 90 and 1,00-
however , cYO increases considerably and so at | ow supersonic- speeds there

s less variation with store chordwise position; the decrease in c% with
Mach nunber is now del ayed to Mach nunbers beyond the test range and so by
M=1.41, c% Is greeter for x, =050 than for Xg = 0 or 05,

The fin contribution to Cy al so depends on the ,store cho;:ﬁmse

C
position, it varies frem about +o,«|5forxs =0to 0.05 for X, = 0.15 anmd
to -0.20 for X = 0. 50.

The effects of store spanwise position are difficult to'sumarise
because they clearly depend both on Mach number and oh the store chordwise
posi tion. Subsonically, for x_ = 0, Cy decreases as the store is moved

(]
out fromys =050to ¥y = 0.75but supersonically, t he decrease in Cy with
[0]
P/ach nunber I's del ayed by noving the store out and hence Cy can be greater
or y, = 0.75. o .

At first sight, the changes in c, with Aiaoh nunber and stere position

Y
0
may appear difficult to explain and this may well be true in a quantitative
sense. Qualitatively, however a detailed correlation can be established
with the local sidewash characteristics discussed earlier-in section 7

For example,

. (a) The positive val ues of GI for the further forward stores

o]
et subsonic. speeds are consistent with the side |oad

[distributions for....
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distributions for g = 8 = 0° shewn in r'ig. 28. The
negative sidewash over the pylon and the mddle part of
the store exercises the domnant effect; in addition,
while it is true that the positive sidewash over the
nose of the store gives a small negative loading over
the nose, this is at least partly offset by the fact

that yegative | 0ading over the aese induces a positive
contribution-over the rest of the store

(b) The decrease in C, at subsonic speeds as the store °

Y
(6]

Gnd pylon) is moved aft can be explained by the
reduction in the nean negative sidewash over the pylon

and the md-part of the store; al so, when x_ = 0.50,

the nose of the store is not yet sufficiently far aft

t 0 experience any significant negative sidewash. Two

i nteresting comments can be made here. First, if the

pyl on had not been noved aft with the store and if the

rearward store had been nmounted on a sweptback pylon

(relative to the wing) from the forward part of the

wing lower surface, the decrease in CY mght not have
(6]

been as great. Secondly, if the store were noved even

further aft than Xy = 0.50, it is possible that the

reduction inC, mght be arrested since then, a

e

significant positive |oading would be induced over the
nose of the store,

(c) The reduction in GY at subsonic speeds as the store is
0

moved aft is even nore pronounced for the finned store
because the fin contrabution changes from being positive
for x_ = 0 to being negative for x = 0.50. This i nplies

that the nean sidewash over the fins is negative for xg = 0
and positive for x_ = 0.50. A*rend in this direction can

be expected from the mmy-induced sidewash e~ srown in Fig.
22(a) but-not necessarily a change of sign. Th.s point
coul d be resolved by considering the effect o” the flow
over the nose of the store: for X, = 0, this could

accentuate the negative gidewash over the fins while for x

= 0.50, it could be inducing some positive sidewash,

This is an illustration therefore of where a point-by-point

correlation of the sade | 0oad and wing-induced. sidewash may

indicate the first order effects but not necessarily the

whol e story. Also, it is an illustration of hegy the measured

-1 oad data can be explained qualitatively but ~here the
quantaitative correlation ais not entirely satisfactory: on

the basis of the gidewash data in Fag.22, one would not

real |y have expected such a |arge negative fin contribution

to Cy at subsonic speeds at x, = 0.5,

o

(d) The rapid increass in for x = 0.50 between about If = 0.90
S
0

S

and ¥ = 1.00 1s clearly associated with the chaage in velocity
and hence sidewash distribution bel ow the wing fromthe
subsoni ¢ symmetrical-type of Fiz,22(a) to the supersonic
asymetrical type of Flg.22Cb)?%r which the negative sidewash
i ncreases back to just ahead of the wing trailing-edge shock
This change increases the negative sidewash over the pylon and
1t 1s noticeable i n Fig,10{a) that the increase n C,, between

Y
. o
M =0.90 and ¥ = 1,00 is much nore pronounced in the (SP) than
in the (S) data. It is rather more surprising to find that
the fin contribution to C,, does not chasge much in this range,

Y

(o}

/ (&) The marked.....
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(e) The marked deorease in Cy with iiach number above abut
o .

M =10 for the forward stores at xs = 0 and X = 0.15

can be explained with reference to the sidewash contours
in Fig.22. 4g the Mach nunber increases, the wing
| eadi ng-edge shock will approach the wing Ieading-edge
and will become more swept back; when It passes downstream
of the nose of the store, the wing-induced sidewash over
the nose-will fall to zero; al so, as the sidewash field'
becones more' swept, the nean sidewash over the pylon and
the middle.part of the store will becone |ess negative and
ultimately will change sign.  Both these factors could
contribute to the decrease in C ¥ Wi th Mach nunber,

6]

(£) *It is also elear by reference to Fig.22(b) that this

decrease. | N Cy with M above M = 1.0 will be postponed

(6]

to higher Mach nunbers for stores nounted further aft.

I ndeed, one can deduce that there are store positions.for

whi ch the opposite trend mght be present at lew Supersonic
sEeeds. Such a case could arise for stores nounted such
that the nose still lay downstream« but not too far downstream
of the wng Ieading-edge shock. In such a position, the
positive w ng-induced sidewash over the nose of the store
could be materially greater than at subsonic speeds and al so,
if as in the present tests the length of the'store were
conmparable to the wing chord, the negative w ng-induced
sidewash over the rear of the store could al so-be greater.
Hence, for such a case, Cy could initially increase with

(6]

Mach nunmber at | ow supersonic speeds before starting to
decrease and such a trend is observed for the finned store
at x;, = 0.50, y = 0.50.  Another inportant variable in

this context is likely to be the depth of the store; if this
ware increased, the decrease in cY wth M woul d be observed
o)

at | ower ijach nunbers,

(g9) The reduction in Cy at subsoni c speeds as the store at x_ =0
O <]

I's noved out fromyS = 0.50 to ¥y = 0.7 is consistent with the

reduction in the local angles of sidewash as shown in Fig.23(a).
Simlarly, the opﬁosite trend at Mach nunbers above M = 1.01s
consistent with the opposite trend in the sidewasn val ues as
shown in Fig. 23 (b).  Perhaps the better way of looking at the

supersoni ¢ conparj son i s however to say that the decrease in Cy
with Yach nunber is postponed to higher Mach nunbers by an 0
increase iny _ This is as woul d be predicted because the

parameter that matters is the distance of the store aft of the
wi ng | eadi ng-edge shock (this is clear by reference to Fig.23(b)),

(h) 1ilowing the store at xg, = 0.50 in fromys = 0.50 to y = 0.30
reduces cYOparticuI arly at the higher iiach nunbers and | eads

to values that are wery small throughout the Mach-nunber range.
This is again quite plausible in terms of the |ocal sidewash
values for the present model: Fi g. 23 shows for example that at
supersonio speeds, the sidewash for ¥g = 0.30 i's very small

except in a local region just downstream of the w ng leeding-
edge shock and it follows that the mean val ues over the |ength
of the store would certainly be small. I't should be enphasi sed
here that these results for y _ = 0.30 would not necessarily be
“obtained for a real aircraft configurdation; they apply in the

[present instance because. ..
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present instance because the fusel age- induced sidewash
over the store at zero incidence is zero or at |east

very snmal|.  This woul d not necessarily be true for a'
real aircraft layout - see section 10 bel ow

4

To sumup the effects of store position on Cy it. seens that at
0

subsoni ¢ speeds, the |argest positive values are |ikely 1:6 be obtained for
stores nounted below the wing |eadi n% edge at near md.semspan, i.e. near
x_ = 0, ¥, = 0.50 and that noving the store. either inboard or outboard or

more particularly, moving it aft should reduce C, . "|t should perhaps be

¥ _
remenbered that sny conments on the effects of spanwise position have to be
based on the results for a finned store. At supersonic speeds, the

conclusion is less clear but as the Mach number increases above i = 1.0, .
there will be a grow ng tendency for Cy to increase with both Y and X _.

Before leaving these conclusions, one sBould enphasise that a positive
val ue for CY probably i nplies some relief in' the maxinmum side | oad under
(0]
the critical stressing condition which i s al noSt certainly associated with
the maximum positive incidence for any given application: Hence-1large
positive val ues of CY can be beneficial (although it should always be
(o]
checked that these do not lead to a nore serious stressing case at
negative-g)..* It is indeed the decrease in Cy with Mach nunber above ¥ =
0

1.0 for the further forward store locations that is a primary factor in
giving an increase in the maximm side |oad at supersonic speeds as conpared
with [ow subsonic speeds. In many cases, this decrease in C, can be a

b

more power ful termthan any increase in|dCy/dal.

8,1.,2 cIC.I/da . Sideforce Due T2 Incidence

The variation of d6./dx with Mach nunber and Store position is ghovm in
Fig.11. It will be seen that the changes with store position can be very
nmuch greater than the changes with Mach nunber for a given position.

On the basis of Ref.1, an increase in IdcY/c‘-.ui with Mech rwdoer at

subsoni ¢ speeds Was expected followed by a decrease-near M = 1.0 and then ty
a subsequent.increase. These detailed changes are really only observed for
the stores at x_ = 0 and even for this position, the changes in |acY/aa} do

not amount to more than about *15% at the mést. For x = 0.15, the changes
with Mach number are trivial but fOrx_ = 0.50, .a more definite trend. is
observed particularly when ¥s=0.50. I this last case, |aCy /dalfor

SP

the finned store increases fromabout 0.11 at subsonic speeds to about 0.15
at M=z1.2 -~ 1.4

| f one conbines the values of 4c.,/dx in Fig.11 with the values of ¢
in Pig,10, one finds that the values of-C, at a given positive incidence 0
tend tO increaseWi th Mach mumber for al t¥the store configurations, "the
effects being least for the internmediate chordwise position, % = 0,15.

For x_ = 0, the increase is primrily related to the decrease in ¢ while
for x = 0.50, the increase,is primarily related to the changes in IacY/daI,
The |argest absolute values of dcl'f/da are obtained With the gtore at

x, =0, y, = 0.75. lLoving the store into Y, = 0.50 tends to reduce

Idcx/dal particulerly near and just above i = 1.0.  Mving the store aft at

/ys = 0.50 zives . . .
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s = 0,50 gives a very great reduction i n ]dcl'/d“| , -the val ues for X, = 0.5
being in general only about half those for x_=0.*  Moving the store in to
,ys' = 0,30 at x} = 0.50 gives a further reduction in lacy/aal’, particularly

in the case of the' (SP) data. T

_The changes in d&,/da with store/pylon posititn and Mach mumber can be
correlated qualitatively with the sidewash data’ presented i n Pi gs. 24 ~ 26.
For example, ’

(a) The' most striking effect is the reduction i'_n'|dDY/da|.as "the

store is moved aft at a given spanwise position snd this can
be explained in termof the decrease in the mean.effective

, sidewash,over the _ylon and.middle part of the store. The
reduction iii |dc4 de] i's greater at subsonic than;at supersonic

speeds and this can ve related to the fact that significant

val ues of |o/e| are maintained back to the wing trailing edge

at supersonic speeds (Fig.26). Quantitatively, however, the
correlation is not quite so good. .On the basi’s of .the sidewash
data, one mght have expected sonmething |ike a 25% reduction in
'dCI/dal' as the store was moved back from Xg = 0to X = 0. 50,

~but in fact, a reduction ofrabout 50% i S observed,.

(b) As the store is noved out at a given chordwise position,
IdCY/daI increases particularly at supersonic speeds and this

trend is also consistent with predictions based en:the | ocal

sidew%sh data. For exanple, subtraction of the values of o for

. a = 0%nd 8%t subsonic speeds in Figs.22(a) and 2u(a). shows
that o/a onl y increases.slightly bet weén ¥g = 0,50 and y_ = 0.50

and y_ = .75, at supersonic speeds, on .the other hand, the
increase in u/a with y_ is‘mch more pronounced as showmnin. Fi g. 26,

(¢} As an illustration of how the changes in *ldc'f/da]with Mach number

for & given store ‘position can be explained in terms of, the side-
wash data, let us consider the results for the store at X, =0,

v, = 0. 50, |dcx/da:|i-|rst i ncreases with Mach nunber at:'subsonic

speeds;  this trend would be expected in the sub-critical range

because then, the flow under the wing at high speeds ‘¢an-be

related to the inconpressible flow around an analogous wing.

This correlation woul d suggest an increase with Mach nunmber in

the maxi mum val ues of o/ bel ow the wing | eading edge and hence

over the pylon end the mig~paxt of the store. Second, near M =
1.0, |dC,/dq| @&ecreases with liach nunber and this.change r°

corresponds to when a mixed-flow régime is devel oping. If one
constructed pictures simlar to Fig.24(b) and 26 for-a .supersonic
Mach nunber lower than ¥ = 1.6, the wing leading-edge shock..woul d
lie mach further ahead of the wing and so the J)yl on and. the mid-
part of the store and even the store nose would |ie dowmstream of
region of high local sidewash behind the wing leading-edge sheck.
I't is plausible to suggest that under these conditions, the |ocal
sidewash over the pylon coul d be | ess than at hi gh subsonic speeds
and if so. the observed. decrease in HC./dal Wwould follow,

+ The (SP) data for the store without tail fins at 5&8 = G,ép,’_ ys‘ = 0.50, are
not included in Fig.t1 because the Cy = acurves in this particular case
seem rather scattered: at the end of this test, it was found th}zt’ the
store was |oose and this is the probable explanation of the scattered
results, ) :

& ’

[Finally, above:....
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Finally, above about M = 1.2, |dCY/d“| increases again and it is

reasonable to suggest that this is when the nose of the store is
beginning to experience the high Iocal values of {o/a| downstream
of the w ng |eading-edge shock. By the sane token, this increase
in ]dcr/da between about M = 1.2 and 1.4 woul d be fol lowed by a

decrease at some higher Mach nunber outside the range of the
present tests when the nose of the store and ultimtely, part of
the store-plyen intersection |ay upstream of the bow shock and
hence in a region where there is no wng-induced sidewash,

(d) As a second illustration of how the Mach-nunmber effects can be
expl ai ned, consider the results for the store at Xg = 0. 50, ¥, =

0.50. In this case, there is only a small change in ]dcY/da}

until about M = 0,9 but then, as the Mach nunber is increased
further to Ii= 1.2 there is quite a pronounced increase anounting
to about 30% in the case of the (SP) values for the finned store.
Cre is tempted to ascribe this increase to an increase in the

val ues of nfc/a| bel ow the rear half of the wing |ower surface.

It cannot however be quite as sinple as this because there is

ha ary change with liach number in the fin contribution to
facy/da|. It is possible that the changes ing/a are nore

pronounced over the md-part of the store and the pylon than over
the fins. Later tests may show that the wariation of IGCY/da|

with M for a store in this position maybe somewhat different if
the store is mounted on a sweptback rather than a swept forward

pyl on.
One final point should be made about the values of |acy/d«| . It has

been seen that the changes with iiach nunber for nost of the configurations
tested are fairly small and in general, |ess than mght have been predicted

using the enpirical nethod proposed in Ref.1 Thi's concl usion shoul d not
however be generalised too far until the test programme has been extonded
to include stores mounted at different depths below the wing. To judge

fromthe sidewash data in Figs.22 = 26, it seens likely that |arger increass
in dCY/d“ with Mach nunber will be observed for stores at greater depth.

8.1.3 dC,/d8 , Sideforoe Due To Sideslip

The variation of . dcx,/dﬁ with Iach nunmber for the different store/pylon

configurations at nid semispan are shown in Fig,12(a) and for the other
spanwise positions inoFig.‘IZ(b). Val ues are presented for three incidenoes,
a = 0 3 6'5 and 12.9 .

To the first order, one mght have expected that dCY/dﬁ woul d be

I ndependent of Mach nurber, store position and incidence but in fact, all of
these variabl es can have a significant effect. This is because the |ocal
sidewash over the store/pylon will change with g and it does not necessarily
follow that the changes under the forward and rearward wing panels will
always be in opposite directions. Hence, the changes in sidewash can in
principle either give an increase or a decrease in dcl./dﬂ whi | e under sone

conditions, coincidentally, the changes in sidewash under the two wing
panel s woul d be the same and this would not affect dc,r/dﬁ . As mght be

expeoted, the consequent effects of liach nunber, store position and incidence
are sonewhat interrelated and in trying to sumup the effects of any one of
these variables, the remarks have to be qualified with reference to the

other two. Despite this, a summary of the more inmportant trends is given
bel ow :

(a) The general tendency is for |dCY/d;9| to increase wth fjach

nunber. At low incidence, this increase occurs fairly
suddenly near %[ = 10, but at higher incidences it is spread

fover a wder......
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over a w der iiach-number range. The increase tends to be.
greatest for the finned stores mounted in the aft position
at xg = 0.50. The (S) and (SP) data indicate similar variations

with Mach nunber.

The principal reason for a change in dcy/dﬁ With Mach number is

that the loading over a store at a given angle to the flow wll
vary between sabacniec and supersonic speeds, but the fact' that

the changes ars sonewhat dependent on the store chordwise position
corifirms that the effects of Mach nuiiber on the local sidewash
field also play a part. Primarily, the effect of sideslip on
the sidewash field nust be simlar to the effect of a change in
sweepbeck but gualitatively, One can expect significant effects

in regions where at zero sideslip, dg/dx i s either largs or
changang si gn. Condilions near x = 0.50 provide a good exanple.

At ¢ = 0° at subsonic speeds, Pig.22(a) shows that.|o| decreases
both ahead of ang to the rear of x = 0.50 and this characteristic

helps t0 ensure ihat the changes in sidewash with g under the
forward and rearward wing panel s corpensate for one another in
their effect on dCY/d[j‘ for a store at x_ = 0.50. At supersonic

speeds, on the other hand, Fig,22(b) shows that dg/dx does NOt
change sign near X, = 0.50 and there will now be a tendency for

the effects under the two wing panels under sideslip conditions to
add up rather than to conpensate. This analysis is far from
compl ete because it ignores the variation in g with W ng sweep
but it could help to explain why the increase in I&Y/dﬁlwith

Ilach nunber is particularly apparent for the stores at X, = 0. 50.

(b) The effects of store chordwise position on aC/dg. are not very
significant at subsonic speeds but at supersonic speeds, |ocI/dﬁ|

tends to increase as the store 15 noved aft. This is certa
true conparing the results for X = 0.15 and Xy = 0.5; but at

hi gh incidences, it is not always true between x_ =0 and x_ =
0.15. Primarily, one can take dCY/dﬁ to be independent of x_ at

subsoni ¢ speeds and to vary at supersonic speeds according to the.
relation

|601/dﬁ I = IdCI/qBL:S - 0 -*O.OGLI-XS

This relation Was deduced from thé results for the 'stores at the

m d semispan Station ¥ and appears to apply arrespective of whether
the store has tail fins or not.end irrespective of whether (S) or
(SP) data is being considered,

(c) The variation in dcY/dﬁ with spanwise position is difficult to

determine fromthe limted results of the present tests but for.
X, = 0,50,|dcY/dﬁ| decreases as the store Is noved in fromy; =

0.50 to ¥g = 0.30, by about 0.05 for the (SP) values or 0.02 for = |

the (8) val ues. There is al so some suggestion that the val ues of
|ch/d,@| decrease as the store 1s noved out fromy, = 0.50 to

“ Strictly, the mean val ues of dCY/d,@ for either subsonic or super-
soni ¢ speeds were used w i.e. Fig,33(a) rather than Fig,12(a).
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Y, = 0,75 at x, = 0 but this trend is less clearly established.
To sumup, it seens that |dcY/d,9| is greater near nid semispan
than el sewhere but it may be unwise to draw such a general
concl usi on.

(@) In nearly all the cases, |dcY/d3| i ncreases appreciably with

i nci dence. In Ref.1 an_increase of 25/, was quoted as a typical
change between g = g = C)Oa_nd- g = 16%ana the present results
are fairly consistent vith thi S pred| ction although they serve to
enphasi se that "a percentage increase" is not the nost appro-
priate way in which to express the change. In extreme cases,

the change in aCy/dg between g = 0° and g = 12.9" amounts t0 as

as mich as 60% but there i s the.odd case where | dCY/dﬁl actual l'y
decreases slightly with incidence.

The results can be resol ve&better by expressing the change in EOY/dg

with incidence as an increment rather than as an appreciabl e change. At
subsoni ¢ speeds, the (S) and (SP) data for both the finned and unfinned
stores can be reduced to a single relation, viz,

|acY/d,g[ = ]dﬁx/dﬁl % -0,004 ¢

where a is expressed in degrees. Strictly, there is some tendency for the
quantity "0,004" to decrease as the store is moved aft.

At supersonic speeds, the difference betweenldCY/dﬁ|s and]dc,i/deP
tends to increase with incidence and therefore, ¢wo relations are needed, viz

]ch/ dsls

lacy/ag |y

lacy/dpls  -0.0024
=0

[acy/dplp  <0.0054
a= 0

Strictly, these relations apply only when X, = 0; in both cases, the results

suggest a definite trend for the variation with incidence to decrease as the
store is noved aft; indeed, when X = 0.50 the (S) data indicate a decrease

rather than an increase in ]dCY/dﬁI with a (Fig,12(a)).

The tendency for dcY/d;a to vary nore with incidence when the store is

bel ow the wing leading edge i s understandable since it is in this region,
particularly at supersonic speeds, that the local sidewash over the pylon
and the nose and md-part of the store is likely to be nbst sensitive to
smal | changes in either incidence or sideslip.

8.1.4 Effects of. iach Number and_Store Position_on Maximum Side ILoads

The assessnment of how the maxi num side | oads on the store/pylon for a
given application are likely to vary with store position and ¥ach nunber
depends on the incidence and sideslip range dictated by the aircraft flight
envel ope. This W || determine the relative magnitudes of the contributions
from CY’ &Y/da and dCY/d,s. In general, however, the critical stressing

[¢]
case is likely to correspond with the maximum positive incidence conbi ned
with sidessdp I N the appropriate senseto give anadditive contritivion to

Cy- Under these conditions, the aercdymamic and inertia forces should be

acting in the sanme direction. In general, the maxi num side |oad under
these cenditions shoul d decrease as the store is movedaft and al so probably,
as the store is moved inboard, i,e, Of the configurations inciudsd in the
present tests, the smallest values were obtained with the store at x = 0,50

/.Vs = 0.30. Fupther, it is...
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¥, = 0,30. Purther, it is probable that when expressed in non-dimensional

coefficient form, the values will be smaller at supersonic speeds than at
subsoni ¢ speeds. :

These are broad general conclusions and they need some qualification:
because they wll not necessarily apply in all cases. Poi nt's worth noting
include the following : :

(i) The general tendency for the maxinum side 'load to decrease
as the store is moved aft will nearly always be true at |ow
supersoni ¢ speeds because in the aft positions, ]dcg(dal .
shoul d be-1ess and cY should be nore positive. (It should
(6]

be noted all through this discussion that a positive value

for C,, Mmeans that this is a relieving termwhen considering
0

the side load at positive incidences). A factor working in

the opposite sense.is that the values of ldcyjagj at super-

sonic speeds will tend to be greater for the aft stores but
normal |y, this should not be sufficient to offset the trend

dictated by the behaviour of c% and |dCy/dal

(i) At subsonic speeds, the position is not quite so clear. Then
|&Cyda Vi ll show a considerable reduction as the store is

mved aft but this mght be offset in certain cases by the
reduction in the positive ¢ .  Hence the general trend

- (0]
could be reversed if the maximum positive incidence nere not
too |arge. Al'so, for some aircraft applications (as seen
below in section 10, fuselage-induced sidewash can materially
increase the negative sidewash at zero incidence and hence the
positive values of-C, ; this would certainly reduce the

[0]

maximum val ues of Cy at positive incidence and could modify the

trend nith chordw se-position

(1) The nornal tendency for the maximum values of cY to increase,

between subsoni ¢ and supersonic speeds may possibly not apply
for certain aft-mounted storeconfigurations for which the
increase inCy near M= 1.0 coul d reverse the normal trend.

J * 0
Also, for stores mounted well forward, the maximum values of
QY may occur at transonic speeds because it is possible for

IQCY(daI to be still increasing with i;ach nunber when CYO has
already started to decrease,

(iv) It is nost inportant to remenber that in'practice, the maxi num
side loads as distinct from the maximum values of Cy may well

occur at trsnsonic speeds for quite a range of configurations.
This is because transonic Mach nunbers are likely to be assoc
iated with higher values of Zpy2 than are the supersonic lach
nunbers. It is just in the transonic region near ¥ = 1.0

that the loads wll be most difficult to predict to a good
accuracy and hence experimental checks on specific installatims
are al ways likely to be required.

The above remarks have been based on the assunption that positive
incidences Will provide the critical stressing case.  'Phis may not al ways
be true particularly if one is considering an exanple giving a large positiwe
val ue of CY . The maxi num negative-g condition shoul d then be checked

0

[because in such cases......
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because in such cases, the contributions fromCY , dCY/da and dCY/qﬁ can
)

all be in the same sense. I'f this proves to be a more critical stressing

case than the positive condition, it is even nore likely that moving the

stores aft would reduce the maximum val ues of C&.

8.2 Store/Pylon Yaw ng Monents

Figs.3 and 5show that the variation of Cn with incidence is not as
l'inear as the variation of CY’ particularly when the store has tail fins.

The changes in slope are more pronounced when the stores are in the forward
posi tions; for X, = 0.50, the changes are fairly trivial especially at

supersonic  speeds. Near and just above M = 1.0, the Cn— @ curves can be

non-linear because there i s a significant change with Mach number in progress
and this is occuring at slightly different Mach nunbers according to

i nci dence. Leaving aside this lach-number range, the general tendency is
for |dCﬂ/da| to beconme more positive above sone incidence (e} which depends

on bot h Iach nunber and store position. This is particularly true for the
fumed store and it is therefore the fin contribution to dcﬂ/da that is

| argely responsible for the change in sl ope ata,. For X, = 0,a1= 3° at
M =06 0°at M=0.96andis negative at supersonic speeds. For X, =

0150, is near 7° at ¥ = 0.6, 3%at M = 0.96and 0° at supersonic speeds.
If one uses Figs.22 and 24 to deduce the likely characterisi.cs Of the |oca
sidewash fields at these values ofa,, it appears that they could correspond
approxi mately wath when the local wing-induced sidewash over the fins of

the store is changing sign from negative to positive. [t may be more
appropriate t0o say that this is when the wing-induced sidewash over the fins
becomes of the same sign as the sidewash over the nose of the store. To
judge from the Cn- a curves, the fins then become nmore effective. This

can only be advanced as a very tentative and inconplete correlation
measured | oad distrzbutions or pressure distributions on the store woul d be
needed to carry the explanation further. Without trying to be too precise,
however, the fact that the Cn- a curves are less linear than the Cy- a

data is perhaps only to be expected since the yawing monents depend primarily
on the flow over the nose and tail of the store whereas the sideforce val ues
depend primarily on the local sidewash over the pylon and md-part of the
store : in other words, the yawi ng nonents depend critically on the
detail ed non-uniformty of the flow field whereas the sideforce values, to
the first order, depend more nearly on the gidewash at a certain point in
the field.

Despite the non-Ilinear Cn- a curves, it was still thought worthwhile

analysing the data in terms of C, d.Cn/da and dcr/dﬂ as in sections

o !
8.2.1, 8.2.2 and 8.2.3 bel ow. One reason for doing this is that as shown
in Figs.3 and 5, the maxi num absol ute val ues of Cn for the finned stores

are usual ly obtained near zero incidence i.e., if C, i S pesitive, dcﬁ/da
)

i's uswally negative andvice versa andso in practice C, my be the nost
important tera, o]
8.2.1 c Yawi ng Moment at ¢ = @ = o®
a

The variation of Cn with Mach nunber for the different gtore positions

at midsemizpan i S shovm in Fig.13{a) and for the ot her spanwise posations
in Fig,13(b).

/For the further......
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Fur the further forward store positions, x, = 0 and 0.15 the values

of c, are negative (i.e. a nose-outward nmonent) and the absolute val ues
6]

i ncrease with Mach nunber considerably. For x, = 0, this increase-mostly
appears in the subsonic range but for x, = 0.15,it occurs later and
persists Up tod=14  As the store is noved aft, the values, of Cn

o
beconme | ess negative until for Xy = 0.50, the values are pesitive at all
Maich numbers-in the test range. Teking as an exanpl e the (SP) values for

the finned store, at subsonic speeds these renge from about ~0,1 at xg = 0,
through -0.03 for x & 015to +0.08 for X, = 05 .at 11 = 1.4, the

correspondi ng values are 027, =0.19 and 40,04,  Fig,13(b) shows that
spanwise position does not have a marked effect on the val ues of Cn
e

al though there is a fairly consistent trend for Cnoto become NOre negative
as the store is moved inboard.

The fin contribution to C is negative (i.e. nose-out) for the forward
0

store positions but is positive for x, = 0.50. In contrast to the fin

contribution to Cy which i's roughly independent of Mach number, the fin

0 .

contribution to C, is appreciably | arger at supérsonic speeds than at
(0]

subsoni ¢ speeds.

Qualitatively, the C, data can be related to the local sidewash fields
[+
inasimlar mammer to the values Of Cy - For example,
0

(a) The negative val ues of C, obtained for the forward store -
Q .
.locations are due to the positive sidewash over the nose of the
store and-the neﬁative wing-induced sidewash gver the tail of
the' store. Both these characteristics contribute to the-nose-
out moment and both woul d be expected to increase with Mach
number, This is consistent with the increase inlc‘:n |with M.
[+ -

at subsonic speeds,

(b) At supersonic speeds, when X = 0, the nose of the store

beconmes subject to the large positive sidewash behind the wing
| eadi ng-edge shock at a relatively | ow supersonic liach~number”
and hence, this explains the |arge negative val ues of c. . .

0]
Beyond ¥ = 14,i.e., outside the range of the present tests,
the store nose would |ie ahead of the |eading-edge shock and
then, a decrease in |Cn | m ght be expected. Wth x, = 015,
[o]

the mean sidewash over the nose of the store would still be
increasing with riach number between M = 1.0 and . = 1.4 and again,
this is consistent with the fact that c is still becomng nore

0 .
negative with increasing MNach number in this range,

(0) Wth X, = 0.50, the sidewash over the nose of the store would"

probably be negative rather than positive while the effective
sidewash over the tail allowing for the angle induced by the
fl ow over the nose mght well be positive. This neans that the

/sidewash. ... ...
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sidewash distribution fromnose to tail for x, = 0.50 is in the

opposite direction to what it is for the forward store | ocations
and this explains why Cn is positive rather than negative,
o ! :

(a) The sane considerations explain the change in sign of the fi n

contribution to C as the store 1s moved aft: There is also
O

an increase in the fin contribution at supersonic speeds as
compared with subsonic speeds; this could be partly due to
| arger sidewash over the fins at supersonic speeds and partly to
the fact that there would then be no forward influence from the
fins on the flow over the rest of the store, '

(e) The'effects of spanwise position on Cn can also be related wath
Q
t he sidewash characteristics. For exeamle, wth X = 0.. noving

out from Y = 0.50 to y_ = 0.75 gives a decrease in ‘Cn Iat
. o]
subsonic speeds but an increase at supersonic speeds and this is

consistent with the changes in the wi ng-induced sidewash as shown
inFxg.23. Simlarly, moving the store in f‘:c'omyS = 0.50 to

¥y = 0.30, at x_ = 0.50 shoul d reduce the wing-induced sidewash

over the store at all iiach nunbers and this is borne out by the
reduction in the values of Cno (F1g,13(b)),

8.2.2 dcr/da ,  Yaw ng Monent Due To Incidence

e

The variation of dcr/da writh | dach nunber for the different store

positions at mid semispan is shown in Fig,14(a) and for the other sparwise
positions in Fig,44(b). Two sets of values of 4ac_/da are presented,

described respectively as the "slope at zero incidence" and "slope at high
i nci dence". Strictly, the val ues labelled "at high incidence” apply when
a s a, and as noted earlier, o, is often quite small, e.g., for Xy = 0, & = 3°

at M=20.6 decreasmg to some negative incidence at M = 1.4 whi I e for
x = = 0,15, o = 5% - 79 at subsonic speeds decreasing to about o°at M=1.2=

1.4. \hen a,is near 0 the val ues of dcr/da for a = Q° may be sonewhat

uncertain and this accounts for some of the erratic variation in the val ues
showm in Fzg.14. Too much attention should not be paid to this; rather,
one should concentrate on the main trends.

For the store without tail fins, the values of dc[/da at zero

inci dence do not vary greatly with store chordwise position but at higher
incidences, there is a significant ohange, e.g, fromabout 0 to -0.01 as the
store is moved aft from X, = 0to x = 0. 50. Two factors probably contribute

to this change. First, the nose of the store is nearer the region of
maximum o/a when Xy = 0.50 and second, at subsonic speeds at |east, the nose

of the store would then also be 1n a region of higher dynamic pressure
(Fig. 27).

For the finned store, the effects of chordw se position are most pro-
nounced. This is because particularly at high incidences, the fin gontri-
bution to dcr/da decreases greatly as the store xs noved aft e.g, it is

about 0.02 when Xg = 0 but only about 0.005 when Xy = 0. 50. The decrease in

the fin contribution as the store 1g noved aft woul d be predicted since the
fins are then further away fromthe region of higho/a.

As regards the effect of store spanwise position it is difficult to
establish any consistent trends.

{ Mach- nunber effects.......



Mach-number effects on dcn/da are also difficult to summarise sinply.
For x_ = 0, dcr/d“ tends to becone nore positive with increasing Idach nunber,
particularly at.supersonic gpeeds. Forrxs = 0.15, the trﬂend IS ip.the same
directionbut somewhat. smaller.  For xs’ = 0.50 at subsonic speeds, the ,

~trend IS iN the opposite”direction but this reverses again above i = 1.0..
-None of these changes with kach number amount-to more than about 0,01 in
Jac /da|; in al| cases, they appear t0 be related to changes'in the flow

over the nose of the store: the fin contribution to dcr/da never varies
significantly wth Mch nunber.

& /3, Yawi ng Yoment Due to Sideslip

The Cn-ﬁ curves in Figs.7 -« 9 are reasonably linear or to be nore
precise dCr/dﬁ has much the same val ue irrespective of whether g is positive

or negative. This does not always apply for forward positions of the
finned store. &an val ues of acr/qe for stores at the md semispan station

are shown in Fig,15(a), fins off, of.15(b), fins on.  As with dCy/dg ,
val ues are presented for a = 0°, 6,5° and 12,9°,

It should be noted that although the (SJ?) and (S) val ues of acn/d,g

were measured on stores on opposite wing panels, both have been plotted on
Fig.15 as if they were both located on the starboard wing panel.

For the finned store, the uwieOf dCr/dﬁ are always negative, i,e,

Eositive sideslip, nose to port,,gives a nose-outward noment on a store
eneath the starboard wing panel. Except at |ow incidences and subsonic
speeds, the fin contribution is usually in the same sense.

For the store without fins, dcn/qe IS negative at subsonic speeds but

near and above M = 4,0, there is a variation tovards a positive value, €.,
the (SP) val ues for x, = 0 vary fromabout”-0,013 at subsonic speeds to

about 40,003 at supersonic speeds at g = o° or fromabout ~0;002 to about
+0,015 for g = 12.9°.  The effect of store chordwi se position is trivial at
zero incidence but becomes significant as the incidence is increased, giving
a variation towards a nore negative value for cx:r/d,e as the store is

moved aft.

For the finned store, Fig,415(b) shows that the principal difference is
that the variation with Mach nunber near and above X ="1.0 s in the opposite

sense to that observed for the unfinned store. The (SP) values for X = 0

vary from about_-0,009 at subsonic speeds to about ~0.02k at supergonic
speeds at g = @ and fromabout -0,018 to about 4.035 at a = 12:9  Cnoe
again, store chordwise position has relatively little effect at a = 0 but
becomes more important as the incidence is increased with the variation

again being in the opposite sense to that observed for the unfinned store.

8.3  Store/Pylen Side Isad Centres
8.3,1 z-coordinate of Load Centre

- U M T

In view of the non-linear nature of the G ~acurves, it my be prefer-

able for stressing purposes to think in terms of the values of C dcl/dﬂ
| ()

and the x-coordinate of the centre of |oad due to incidence rather than the

val ues of dcl/aa. Typical plots of the variation of the chordwise oentre

of. pressure (y/d) with incidence for‘i_',he_st ores at the mid semispan station
are presented in Fig.16 while the variation with Mach nunber at @ = 6.5 15
given in Fig.17. nen Cy = 0, the position of the centre of pressure is

[indeterm nate and So...
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indeterminate and so the values near g = 3> are not of great significance.
Pig,16 shows that for the finned store, the centre of pressure tends to
approach the store rmd-point as the incidence is increased. Hence,
assumng that the store md-point is a representative monent centre when
consi dering the store-pylon or pylon-wing fixations, the moments at the
maximum positive ingidence stressing condition should be fairly snall

This is why ¢ = 6.5 rather than g = 1229"%vas sel ected for the cross-plots
in Fig.17, but it should be noted that at g = 6.5, the centres of pressure
are still a fair distance sway fromthe asymptotic val ues they tend to
approach at high incidence, Also, the values for X, = 0.50 approach

their limting asynptote fromthe rear whereas the val ues for X, = 0 and

0.15 approach fromthe forward end. Thi s means that Fig,17 tends to
present an exaggerated picture as regards the effects of store chordwise
position; if it had been for ¢ = 12.9° the effects would still tend to be
in the same sense but would be nuch smaller. One shoul d therefore be care-
ful about drawing quantitative conclusions from Fig,17; qualitative trends
should however be indicated correctly.

Au the curves in Fig,17 show that at subsonic speeds, the centre of
pressure tends to nmove forward slightly whereas above Y4 = 1.0, the genera
tendency is for 1t to nove rearward although for the finned stores this |ast
trend is sonmetines reversed above } = 1.2. The centres of pressure are
further forward when X, = 0.15 than when X, = 0 or 0.50. This variation

with store chordw se position is understandable since it is when x, = 0.15

that the nose of the store 1s nearest the region of maxi num (s/a) and
clearly, the flow over the nose plays a major part in detemining the yaw ng
noments on the store. The variations in centres of pressure with both ¥Mach
nunber and store chordwise position are |ess pronounced in the {SP) data
than in the (S) data; this is because the loads on the pylon give an
appreci abl e increnent in Cy but only a relatively small change in Cpe

At a = 6.5°‘(Fig.1?), the centre of load on the store itself can in
an extrene case be as far forward as the store nose (fins off', X, = 0.15,

M = 1.0) while at the other extrenme, it can be about 1 X store dianeter aft
of the store md-point (fins on, x_ = 0.5 supersonic 1), At higher

incidences, the range of possible values around the store rmd-point would be

much | ess. The cenires of load for the full store/pylon assenbly at a =
6,5 vary between about 24 ahgad of the store md-point and Id aft of the
store md-point; by a = 12,9, they lie within £0.2d of the store md-
?pint for the finned store and between 0.4d4 and 1,04 for the store without
ins.

8.3.2 s-coordinate of éentr%i_of Pressure

Sone typical exanples of how the depthwise centre of pressure varies
Wi th incidence for the stores at md semispan are shown in Fig.18 while Fig
19presents across=plot against Mach nunber at the maxi num positive
i nci dence, @ = 12, 9° These val ues are clearly relevant when assessing
the bending noment of the side load about either the pylon-wing or pylon-

store fixations. Once again, the positions are indeterm nate when CY =0

but unlike the chordw se centres of pressure, Fig.18 shows that the depth~-
wi se centres very quickly approach their asynptotic values as the incidence

is either increased or decreased fromthe condation givang CY = 0. I'n

fact, the evidence of Figs.18 and 19 i s that neither incidence nor liach
nunber has nuch effect on the depthwise | 0ad centres.

This | eaves the store chordw se position and the presence or absence
of the tail fans as the only variables having any sigrificant effect. The

influence of the tail has already been noted. Both the (S) and (SP) data
confirmthat the addition of the fins tends to nove the | oad centres down-

ward, particularly when the stores are nounted at X, = 0.50. The probable

explanation is that the upper fins |ose sone effectiveness since they lie
in or near the wake of the pylon

/As woul d be expected.. ..
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As would be expected, the (S) load centres for the unfinned stores
lie near the store mid-plane. Vhen the fins are present, they vary from
about the store mid-plane for x_ = O to about 0.122max or more appropriately

s
0.4d below this plane for x, = C.50.

The (SP) load centres, even before the fins are added, are slightly
sensitive to the store chordwise position: they vary from about 0.47 -
0.20zmax above the store mid-plane for the forward store locations to about

O.BOZmax above for X, = 0.50. Marginally, the lowest positions - and_

hence, the largest bending moments about the pylon-wing fixation for a
grven si1de load - are obtained when x, = .15, The (SP) load centres for

the finned stores vary less with store chordwise position because the
change in fin contribution with xsis in the opposite sense to the change

observed for the store without fins. Tt is still true howeger that the
lowest load centres are obtained with x_ = 0,15 and the highest positions
with x_ = 0.50, S

9.  COMPARISGY OF SIDEFORCE RUSULTS WITH PREDICTIONS BY
B PIRICAL _hGTHOD

One of the primary objects of the present series of tests was to
provide some data for comparison with the empirical method suggested in
Ref.1 for the estimation of store/pylon sideforce. It is worth recalling
here that the method of Ref.1 was intended to apply to the follouing store/
pylon/aircraft wing combinations :

(a) Streamline stores of fineness ratio about 8:1, with or
without small tail fins, of length approximately equal
to the mean chord of the wing,

(b) Spanwise location of store between 0.25 and 0.80 x wing
semispan. Chordwise location of store mid-point from about
0.25¢c in front of to about 0,50c behind the local wing
leading edge, Depthwise location of store centre~line at
about 1,5 store diameters below the wing chordal plane,

(¢) Pylon 5% or 6% thick, chord equal to about half the local
wing chord, attached to the wing in the region of the wing
maximum thickness point and swept forward, unswept or swept
back according to the chordwise position of the store,

(d) Store/pylon combinationg located beneath aircraft wing
de31g%s ranging from L0~ sweptback wings of moderate taper
to 60 delta planforms.

The store/pylon configurations of the present tests satisfy all the
above conditions with one exception. This ic the point under (c) in which
it was assumed that the pylon -would be attached to the wing near the wang
maximum thickness and would be swept forward, unsvept or swept back
according to the value.of X e In the present tests, to ease the manu-

facture and rigging, the store was always supported on a swept forward
pylon (i.e, swept forward selative to the wing) irrespective of its chord-
wise position and this meant that when x, = 0.50, the pyleon was attached

to the rear of the wing lower surface,

The basis of the empirical method lay in the observation that CY for

a given store/pylon arrangement and at a given Mach nunber would probably
vary linearly with both incidence and sideslip. This assumption has been
largely confirmed by the results of the present tests. 4As noted in
section 8,1, it is only near zero incadence or at small negative incidences
and when x, = 0.50 that there is any significant departure from a linear

/variation, The general...
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variation, The general linear trends asre maintained even at transonic
Mach numbers near M = 1,0 and so in thas respect, -the results provide
definite reassurance that the basis for ithe empirical method was sound.

Fig.29 presents a typical comparison between the measured data and
estimates by the empirical method using the various factors suggested in
Ref.1. Comparisons are included for two NMech numbers, M = 0,90 and ¥ =
1.41, for the store, fins off, at x, = o, ¥, = 0.5. The empirical methed

as presented in Ref,4 did not provide for estimates of the (3P) loads at
subgonic speeds, :

Fig.29 shows that at the supersonic Mach number, ii = 1.41, there is
gquite reasonable agreement betwcen the predicted values and the measured
data but that at M = 0,90, !dCI/daH_s seriously underestimated, This

conclusion also applies for the other stors positions of the present tests.
At M = 1.41, dcyda is still somevhat underestimated but the predicted
SP

value of CY is algo too negative and these two effects tend to compensate
°sp
for cne another when considering the loads at positive incidence, d.GY/ ds

is predicted reasonably well at all incidences.

It is tempting to ascribe the comparatvive failure of the methed to
give an accurate estimate for |dCY/da| at subsonic speeds to the fact that

when the method was derived, more experimental results were available for
supersonic Mach numbers such as ¥ = 1,6 - 2,0 than for high subsonic speeds.
It is likely houever that this i1s too simple an explenation, The basic
fault may lie in the assumption in Ref.1 that the factor expressing the
variation of [dC,/da| with store depth could be treated as being independent

of liach number,  In view of the earlier discussion of the wing-induced
sidewash fields, this assumption now seems unlikely to be true. It is
probable that in fact, |dC,/da| decreases with store depth more rapidly at

subsonic than at supersonic speeds, In other words, if the depth of the
store were increased, IGCY/ da{ would shcw a larger variation with llach

number and this would imply better agreement between observed and predicted
results, The test programme is to be extended to include store mounted at
three different depths below the wing and until these resulis are available,
1t is premature to draw eny final conclusions from the comparisons in Fig,
29. All that can be said at this stage is that the basic method appears
to be sound but that some revision to the factors is undoubtedly needed.

No final revision of the method can be made until the results of the
further tests are available but in the meantime, it may be useful to
indicate what changes would be needed to provide better agreement with the
results of the present tests, These tentative suggestions are given
briefly below: for the present, they should be used with some reserve :

(1) Cy @ The present results have indicated that the
0
variation of GY
o}
on the store chordwise posation than was expected, The
results for stocres mounted in a forward positicn are fairly
similar to the predicvicas Ly the empirucal method but the

results for x_ = 0.50 are urdovbied’y different (Fig.10a)).

with Mach number is muich more dependent

For stores.located near mid scmspa;n and at a depth near 1,34
(as for the present tosis) it 1s sugzested that the values of
CY should be obtained from the carpet plots in Fig,30. This

o . i T
should take the place of Tigs.L8 and 51 in Ref.1 in vhich cY*
) o

was assumed to be independent of store chordwise position.,

/Fig,30 gives both....
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Fig.30 gaves both (8) and (S2) values for the store with
or without ta:l fins and over the liach-number range from

]"’E = 0.5 to II = 1.5a

Ref.1 did not propose any factor for the variation of CY

o
with spanwise position and even with the present results,
it is difficult to suggest any simple factor.  Assuming
that the stores are not mounted too far away from mid-senispan,
it is suggested that intelligent use of Fig,10(b) coupled with
a knowledge of the likely sidewash field under the wing at the
appropriate hach number should give some indication as to how
the values of CY deduced from Fig,30 should be modified.

o

dCY/da ; As noted above, it now seems likely that the

variation of dCY/dJI with dach number will be a function of
the depth of the store. In Ref,?1, values of dCY/da computed

for a given storec chordwise and spanwise position and a

given liach number were then multiplied by a factor related to
store depth and this last factor was taken as being 1ndependent
of lach number., It 1s this assumption that may prove to be
invalid; if not, the factor K suggested in Fig.47 of Ref.1

to account for the variation of dCY/da viith lhach number wall
need revision.

Considering Jjust the results of the present tests, 1f one is
prepared to accept an &accuracy at the worst of dboﬁt +1°% in
dCY/da , one could assume that the value for each store/pylon

confaigmration was independent of Mach number. This accuracy
is probably not good enough but plotting these mean values
against either x ory, as in Fig.31 does piovads a gquick

indication of the effects of chordwise and spanwise po:stioa,
These veriations have been discussed in detail in secti.n

8.1.2 above,

The bottom picture of Fig.31 shoas the veriation in |dC./da|pe.,
with x_ at y_ = 0.50. It will be seen that for both (3) and
(sP) data, fins on or off ldCY/d“hean decreased linearly between
x = 0and x = 0.50. This 1s qualitatively as predicted in

Ref.1 but quantitatively, the variation is somevhat larger than
predicted. A suitable expression for the variation shown in
Fig.31 as :

IdCY/da, = (1-x) ldCY/d“Ix }

Strictly, this relation should only be uscd for 0 <xs<<0.5 and

clearly, the relation would not apply far outside these limits.
For example, vhen x_ = 1.0 (i.e, store md-point beslow the
trailing edge), the relatien would suggest that [d4C /dal would

be zero at this point but this would zertzinly not be true
srnee tho stors would still he inflio=rced by the wing flow
field. also, when x_ is negative, (1.e, store mid-poiui in
front of the wing leading edge), use of the above relation
would imply that dCT/da for such locarions would be greorer

thwn for X, = 0. Data in Ref.1 indicated however that the

aerodynamic loads would probably decrease when the store was
moved ahcad of the leading edge and this was recognised in
Pig. 46 in Ref,1. 4s an interim measure, it is suggested that

/for stores shead.....
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for stores shead of the leading edge, the sign of x
should be changed before insertion in the relation
for dCY‘/ dg, i.e. the relation should read :

'dCY/dal = (1-|x ) IdCY/da|XS ~ 0

In Ref.1 it was suggested that the variation of dCY/ dg with ¥
at a given X, would be linezr - at least, over the middie part
of the span between about Vg = 0.30 and Tg = 0,80, For the

empirical method, this lmear variation was given in Fig.A5 of
Ref,1, 1In the present tests, results were only obtained for
two spanwise positions at X, = 0 and two positions at x, = 0.zC.

If one assumes that the chordwise variation at ¥y = 0.30 is
similar to that observed at Vg = 0.50, a third point could be
included on the graph of IdCY/docImean

Similarly, a third print could be included on the graphs for
%, = 0,50,  Figs.31 and 32{a} show that the resulting

vwith Y for x, = 0.

variation with Y is not linear; there is a considerable
increase in IdCY/ da[meanbetween ¥y = 0.30 and Y, = 0.50 but
little further change between ¥ = 0,50 and Ve = 0.75. 1t is

very difficult to decide whether one should accept these as
general conclusions. As explained earlier, when the aircraft
wing 1s tapered, changzs in ¥ imply changes zn a muker of

other variables. For example, if a store of constant size

is moved in the spanwise direction beneath a highly tapered
wing, the size of the store relative to the local wing chord
changes, Therefore, when it 1s near the tip, a smaller
portion of the store experiences the high values of (o/a) that
apply below the wing leading edge and this could be one of the
reasons that the increase in IdCY/dalmean with y_ is not

meintained over the outer wing,

In practice, most stores will be mounted somewhepe near the
mid semispan station and on the evidence of Fig,31, 1t seems
that for small changes in ¥, around this position, one might

as well assume that dC,/da does not very with yg For

larger changes in y_, the results from a generalised research
series may not be appl:.cable to an actual aircraft layout,

For example, when the store is mounted near the wing root, it
will be affected by the fuselage-induced sidewash (see seation
10 below) while if it is mounted below the outer wing, the
loads could be influenced by the specific tip shaping of the
aircraf't wing,

(3) dﬂﬂdﬁ : From what was said earlier in section 8.1.3, it
seems that for an empirical method of load prediction, it may be

/fair to assume.....
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fair to assume that dCY/ ds has a constant value independent
of liach number at subsonic speeds and a different constant
value, again independent of liach number, at supersonic speeds.
This is consistent with what was suggested in Ref.1, i.e, the
factor Km in Fig.53 of Ref.1.

5 .
On the other hand, certainly at supersonic speeds, the present
test results do not support the contention of Ref.% that
dCY/dﬁ can be treated as independent of the store chordwise

position, For example, the variat.ion of |dC¥/QQ[a_ o°
with x_ as shown in Fig.33 At subsonic speeds, dCY/dﬁ can
still be tasken as independent of Xy but at supersonic speeds

the results give the relation :

&y/dp = IdCY/qeﬂx _ 6-o.osux3

‘

The negative sign in this relation implies that at positive
a, 53 |dGY/dgl increases as the store is moved aft. Thas

expression applies for both the (S) and (SP) data and
irrespective of whether the store has tail fins or not,
Strictly, it only applies at zero incidence but it is
included here to give some 1dea of the effects of chordwise
position,

As regards the effect of spanwise position, as with aCy/da,

this can only be deduced from the present results by assumng
that the effects of x are independent of Yo The derived

variation of dCY/dB with y_ at either subsonic or supersonic

speeds is shovm in F1g.32(b). The curves for the store
without fins were drawn on the assumption that the fin
contributions to GGY/QB dad not vary with spanwise position,

These curves in Fig.32(b) are similar qualitatively to the
variation predicted in Fig,52 in Ref.1. ‘
Relations for the variation of dCY/de with incidence have

been given already in section 8.1.3. They are repeated here
for convemence :

at subsonic speeds dCY/ agi = dCI/ dag 0 =0, 004y
at supersonic speeds for dCY/QB = dCY/dB o ~0-005a
the (5P) loads

at supersonic speeds for dCY/dB = dCY/dB
the (S) loads

a=

-0.002¢

a= 0

In Ref.1 it was suggested that until further experimental
evidence was available, the values of dCY/dﬁ should be

increased by 25% to allow for the incidence-sideslap
cross-foupling 2ffect but 1t was not made clear that this
25% was 1ntended to refer to a combination such as a = 10,

F =10". Ais noted earlier, analysis of the present results
suggest it is much better to use relations of the form gquoted
above rather than to treat the effects of incidence on dCY/@G
as a percentage increase,

Cdmbining the various suggestions put forward above, a reviacd -
empirical method providing rcasonablc agreement with the present results
would be as follows :- '

/ (a), (®) ete.....
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(a) Determine C; from Fig,30. No great loss of accuracy
o
is anticipated 1f tnis figure is taken *to apply to spanwise
locations vetween about Vg = 0.40 end y = 0,60 for wings of
small taper, s

I

(b) Obtain ]dCY/'da] at x_ = O from Fig.32(a) for the given

spanwise location,

(¢) Obtain |dCY/QB] at x_ = O from Fig,32(b) for the given

spanwise location and liech mumber,

(d) Insert the values of the zbove 3 sideforce terms into the
appropriate equations bhelow to obtain expressions
Cy =4 +Ba+Cf +Daf

e.2.

(1) For (sP) (8) (@) (CIF) at SUBSQNIC speeds,

Cy =0y + idCY/do (1—1):5])0; + !dCY/d,S —o.oomJ B
af o !

(2) For (sP) (ON) (OFF) at SUPSRSCHIC speeds,

- / - i , b _ e
Cr 5™ * lac, /a (1 ]xs]>a +||ac,/@|-0.064 |x | O.Qubff]ﬁ
(3) For (s) (aGr) (OFF) at SUPERSGHIC speeds,

CYaﬁ’: ch . fdcy/da (1—[;:5’)& o] /& -{).oéa]xsj ~o.002a—!»9

e -

————

(e) Finally, the desired valuaes of pand 8 are inserted into the
appropriate equaticns to derive CY or C,, for fins oa or off,
SP “s

The signs of the various sideforce terms are applicable to stores
mounted on the port *ring panel where the effects of positive incidence and
positive sideslip are additive. They combine to give an outwerdly
directed (negative) sideforce. For a store on the starboard wing panel,
positive incidence produces an outwardly directed sideforce vhilst positive
sideslip produces an inwardly directed s.deforce. Heace {or this case it
is necessary to reverse the signs of ldcy/ﬂﬁl whilst retaining the sign fur
|dCY/daI.

I+ must again be emphasised that the procedure set out zbove should
only be regarded as an interim revision ol the empirical method and it
only applies for stores mounted at a depth of 2bout 1.4 x store dzameters
below the wing chordal plane., & final revision of the method including
an appropragte allowance for the effects of store depth will be incliuded
when the results of the later tests are avarlable.

10,  STORE SIDNFCRCE FCR VARLOS 4D H0G_STORL/ATRORAFT COFISURATICIS

The proposed expirical method for estimating store/pylon sidelorce
exther as presented i Ref,.1 or in its tentative revised form in section 9
above is only intended to be used when the store/pylon/aircrafi geometry
satisfies the broad specification set out at the start of s=ction 9. So
far in this note, we have merely discussed the results from z series of
general research tests in which these conditions were satislied. Hecently,
however, store load measurements have been obtained in the A.R.a. transomic
tunnel for a variety of ad hoc store configurations mounted beneath the
wangs of several dafferent specific alrcrafti models. Some of these
results have emphasised the dangers of applying the empirical method ocuts.le
its proper range of valwdity and so for compleierszss, 1t was thought worth
including a few typical examples in this note. In particulsr, thess
examples illustrate hov the store sideforce values can be modified :

(a) If the store is no loanger a simple body of revolution ¢ith or
without small tail fins but instead, is fitted with significant
wing-type lifting surfaces,

/ (B).....
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(b) If the store length is no longer comparable with the local wing
chord but is for example, much smaller than tlis,

and

(¢) If the flow field beneath the wing—f‘uselage conf‘lgurat:.on is marked.‘ly
ai’fected by sidewash induced by the fuselage. :

F:Lg.Bl,. compares the values of Cy , dCY/da and dCY/ap obtained for
o

three different stores mounted at the same spanwise position (ys = 0.54)

beneath a 60° delta wing. Store A is similar to the store used in the
research programme discussed earlier in this note; it is a body of
revolution with some tail fins; it is mounted on an unswept pylon at a
depth of 0.127c below the wing chordal plane and with the store mid-point
at X = 0,28, Store B is mounted in about the same position (z = 0.421

and X, = 0.30) but it is & much smaller store than store A with a length,
1 = 0 L2c rather than 1 = 0,80c; also, store B has a mich lower fineness

rat:.o then Store A, Store C 1s unlike stores A and B in that it is &
winged missile; it is mounted at a slightly greater depth,(zs = 0.144)

and at a furtier forward position, x, = 0,02,

Strictly, the empirical method for estimating the store/pylon side-
force is only applicable in the case of store A, If one had nevertheless
applied it to store B, despite its small size relative to the local wing
chord, one would have obtained values virtually the same as those for
store A. Fig.34 shows however that the measured values of CY for store A

and B differ significantly. For example, G, for store B is less then
o
for store A by about 0.1 at subsonic speeds, and by as much as 0,2 - 0,25
at, supersonic speeds; as a result, even though there is a qualitative
similerity between the variation of CY with Mach number for the two stores,
o]

Yc:o
M = 1,1 whereas for store A, it remains positive throughout the.test range
up to B = 1.4. Also, |dCI/da|is less for store B than for store =« by .

some 20-40% according to the liach number and there 'is a further small
diff'erence in the values of ’dCY/ d@l All these changes can probably be

traced to one major factor. This is that although the store mid-points
are at much the same chordwise position, the nose of the smaller store B

is still well behind the local wing leading edge whereas the nose of store
A lies ahead of the leading edge. This means that the nose of store B is
too far aft to experience the large sidewash just downstream of the wing
leading-edge shock at. low supersonic speeds and also, 1t is too far aft to
experience the maximum values of (0/a) which ogcur below the wing leading
edge at subsonic speeds. ‘ .

the actual values differ greatly and C,, for store B becomes negative above

The differences between the results for stores A and B could therefore
probably be explained in terms of the lccal sidewash field beneath the wing.
They demonstrate however that further rcifinement to the empirical method
would be necessary to make it apply to stores of such widely differing
lengths, In passing, it moy be noted that errors in estlmeoiting the values
of CY for a typical stressing condition such-as g = g = 10" may be less

serious than the errors in estimating the individual terms, Cy dCY/dd

and dOY/dB . This is because the errors in estimating these terms to

some extent co'npensate for one another shen conszder:.ng e positive

incidence condition., For example, fora =8 = » M = 1.40, Cy for
[y . . . S

stores' A and B are respectively -2.6 and ~2.3 and hence for such a

/eondition, ......
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condition, C, for the two stores is almost the same,

Iy

Ag might be expected, the results for store C, the winged missile,
indicate much larger walues for |d.CY/da| and |dC,/dg| than for the two

stores without wings. If the empirical method had been applied to predict

the loads on store C, i,e. if the fact that it has wings had been ignored,

the estimated values of CY would have been more positive than for store A
o}

at subsonic speeds (by about 0.05), and more negative at supersonic speeds

(e.g. by about 0,15 at 1l = 1.4). |dCY/da] for store O would have been

estimated as being about 30% greater than for store A, due to the difference
in the value of X In fact, the measured results shovm in Fig.34 indicate

a reduction in CY varying from about 0,1 at subsonic speeds to about 0,35
o}

at supersonic speeds and an increase by a factor of about 2.0 - 2.2 rather
than 1,3 in ldCY/ dnx|. Hence, as compared with predictions by the empirical

method, one can say that the vings on store C have given a reduction of
about 0,15 in Cy , an increase of about 60% in |aC/dg| and an increase of

Q
about 100% in |aC,/ds].

One should be careful at this point to differentiate between changes
in non-dimensional coefficients and changes in actual loads. The effects
of the wings on store C appear particularly large when expressed in terms
of CY but this is partly because the coefficients are always based on the

frontal area of the stores which is considerably less for store C than for
store A (0.73 sq.ins. model _scale as compared with 1.5k sg.ins.}. Quoting
again values for a =8 =107, If = 1,4. G, for store C is about -5,0 as

S
compared with -2,6 for store A or -3,0 as predicted by the empirical method
for a streamline store at the appropriate chordwise position, In actual
loads, the measured value for store C is -23 1bs, the measured value for
store A is =25 1lbs and the predicted valve for store C is -14 1lbs. The
fact that the acfual loads for stores A and C are comparable is of course
an important conclusion for the design of the store-pylon and pylon-wing
fixationd but it is clearly somevhat coincidental,

Some further results at transonic speeds are given in Fig,35 for store
C mounted on a different pylon beneath a z._Oo swept wing at a relatively
inboard location, Again, the values of the three sideforce terms, ( (8)
values) are given and these may be compared with those for store C under the
60~ delta wing in Fig.34. It will be seen that there is virtually no
correlation whatsoever between the two sets of results,

The geometry of the store C installations under the two wings differs
in many respects. For the L0 swept wing in Fig,35, the store 1s mounted
further inboard, (ys = 0,41 rather than Vg = 0.54), further to the rear

(x, = 0.16 rather than x_ = 0.02) and further below the wing (z, = 0.22
rather than z_ = 0.144). All these changes and also the fact that it s

a 400 swept rather than a 60° delta wing will tend under most conditions to
reduce the wing-induced sidewash. On this basis, therefore, one might
have expecled smaller values for IdCY/ da| in Fig,35 than in Fig,34; as

regards CY.‘ , the values might have been more negative at subsonic speeds
o

and more positive at supersonic speeds, ]dCY/ ds| might have tended to be

greater at supersonic speeds. These conclusions bear no relation to the

observed measured values which indicate a much more positive GY (e.g. at
o

M = 0,6, 2,0 rather than 0.10), a much larger |dCY/da] (at M = 0.6, -0.50

rather than -0,12) and a much greater |dCy/dg] (M = 0.6, -0.50 rather then
-0,10),
/Two factors remain....
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Two factors remain to explain the discrepancy. Cf these, much the
more important is probably the fact that for the configuration in Fig.35,
the store lies much closer to the fuselage, the distance between the edge
of the fuselage and the inboard edge of the store (plan view) being only
0.075/2 instead of 0,250b/2 as in Fig.34h. It is not only the relative
distance from the fuselage that matters; the shape of the fuselage and
the cross-flow that it induces is equally significant. (il flow photo-
graphs taken during tests on the model in Fag,35 confirmed that a very
large fuselage-induced sidewash was present at the store station even at
Zero incidence and this 1s presumably responsible for the exceptionally
large values of CY . Under sideslip conditions, this fuselage-induced

o
sidewash would be expected to be considerably different under the port and
starboard wings amd this could account for the relatively large values of

lacy/as] .

The second factor affecting the store loads in Fig,35 is the presence
of the launcher. In this case, the (S) loads refer to the store and
launcher, rather than just the store, but the maximum cross-sectional area
of the store was still used when deriving the non-dimensional coefficients.
In effect, this means that the so—called (S) loads are really a mean of
what might be estimated as the (S) and (SP) loads and this could materially
increase all three sideforce terms. This could account for an increase of
Possibly 0.3 in C, and possibly 0.15 in both ac,i/da and dCY/d,a . Even

o
s0, this still leaves about 1,6 in G, , 0.25 in acY/aa and 0,42 in dCY/d,e
Q

to be explained in terms of the extremely large fuselage-induced sidewash.
It follows that the present simplified empirical method fails completely-§f
one tries to apply it to a winged missile mounted fairly far inboard and
near a fuselage inducing strong cross flow,

1. CONCLUDING REMARKS

This note has given the store/pylon sideforce and yawing moment
results for a simple store, with or without tail fins mounted on a swept
forward pylon at various positions beneath a 14.50 sweptback wing, The
results have been analysed and related to the likely flow f2elds beneath
the wing to indicate the effects of }ach number, and store chordwise and
and spanwise position, Some indication has been included of the variation
with incidence and llach number of both the depthwise and chordwise centres
of pressure due to incidence on both the store and the store/pylon.

Over most of the test range and for most of the configuratiors, CY is

found to vary linearly with both incidence and sideslip and thus, the basis
of the empirical method proposed in Ref.1 for estimating storefpylon side-
force is confirmed by the present results., Certain detailed changes to
the factors in the method are however required.

/Many of the trends.....
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llany of the trends in the sideforce and yawing moment data have been
correlated successfully with the likely flow field characteristics and in
particular, the wing-induced sidewash. Some of the mein trends are as ~
follows : ’ o . :
(1) For the forward mounted stores, CY is positive at subsonic

. o

speeds and decreases with Mach number above about M = 1,0,

ultimately becoming negative, This is as predicted in Ref.1

but there is a much greater variation with chordwise position

than vwas suggested earlier.” For the aft-mounted stores, C

is relatively small at subsonic speeds but tends to Yo
increase near Il = 1,0 so that at supersonic speeds, t’.‘fY is
greater than for the forward mounted stores. 0

(ii) For the store configurations of these tests, ]dcy/da| does

not vary much with Mach number more than about +15% about a
mean value which depends greatly cn the store position,
- decreasing as the store is moved aft or inboard, It is
suspected that the variation of idCY/dad with Mach number

ig likely to depend significantly on the depth of the store
but this has not so far been investigated. As compared with
predictions by the method of Ref'.‘!,lfdcr/dd was in reasonable

agreement at supersonic speeds but was larger.than predicted
at subsonic speeds,

(113)  |a0/a8| increases with }ach munber near i = 1.0 and this

increase is particularly pronounced for stores mounted in an - -
aft position. Thus, at supersonic speeds, Idcy_/d,9| increases

as the store is moved aft, A significant incidence-sideslip
cross—coupling effect is confirmed in that in nearly all cases,
dCY/dﬁ increases significantly with incidence. This increase

is best expressed as an increment rather than as a percentage,

(iv) For the stores with tail fins, the largest values of c, ere

obtained near zero incidence, Increasing incidence tends to
reduce Cn and tends to mowve the centre of load nearer to tt}e

store mid-point. The values: of Cn increase with ladh number up

to near ¥ = 1.0 and then decrease ;Hothey decrcasc considersbly
as the store is moved aft, the fin contributions to Cn change
glgn as tho store is moved aft, - o
N _ b

(v) The C -& curves are much less linear thaa the Cy-a date. The
incidence at which the change in slope occurs tends to decrease
with liach number and to increase as the store is moved aft; the
actual change in slope becomes less as the store is moved aft,

The maximum values of CY and ('.5][1 for a particular store/pylon

installation will clearly depend on the flight envelope and it is difficult
to draw general conclusions., For a typical store location below the wing
leading edge at mid semispan, it seems that in general, assuming the
critical stressing case to correspond to maximum posiiive incidence, the
maximum loads would decwzase if the store were moved aft or if it were
moved inboard. The maximum values of CY will almost always be greater at

low supersonic speeds than at subsonic speeds; for forward mounted stores,

this will be mainly because of the decrease in C’I with lach number coupled
o

with some increase in |dCY/da|; for stores mounted further aft, this will

be because the increase in |d0,/da}and |dC,/d5| more than offsets any

/relief due to an,,.....
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relief due to an increase in C In practice, hovever, transonic speeds

Y L]
(=]
may pose more coritical loads than supersonic speeds because it is near

i = 1,0 that the maximum values of -|dC,/dq| can be recorded and more

particularly, because in practice, transonic speeds are likely to be
associated with low altitude and hence high~q conditions, . ;
The depthwise centre of pressure tends to be indepemdent of
incidence and -Mech number but to be sensitive to store chordvise position
and to whether the store has fins or not, In the present tests, the
centre of pressure vas furthest from the wing and hence, the bending
moments about the pylon-wing fixation greatest,, when x, = 0,15 and when

the fins were present.

Finally, the note includes some illustrations taken from the
results of ad hoc store-load measurements showing that the EIDPJ.I'J.CB.J. method
as at present formilated should not be used for :

(a) Stores that are small in relat:r.on to the loecal wing chord,
(b} Vinged missiles,

() Configurations mounted well in'board and near a fuselage mducing
a strong cross-flovy,

v
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A.R.C CP. No 955
June, 1984,
P. Marsden and A B. Haines

MEASUREMENTS AT TRANSONIC SPEEDS OF THE SIDEFORCE
AND YAWING MOMENT ozo<>mmo=m STORE ARRANGEMENTS
MOUNTED BENEATH A 45 SWEPT WING-FUSELAGE MODEL

Test have been made in the A.R.A. 9 ft x 8 ft transonlc funnel
on & mnﬂmmaywnmm store-pylon arrangement mounted in various locations
beneath & 45 swept wing-fuselage model Siz-component measurements
of both tne lozd® on the store including pylon-induced effects, and
of the total store plus pylon loads have been obtelned for Mach
numbers from M = 0 80 to M = 1 41 Trls note presents the full
sideforce and yawing moment results These are gnalysed in detail
and related to the likely sidewash fleld beneath the wing at both
subscnle and supersonic speeds, a8 obtalned from other sources. The
experimental sideforce results are compared with estimates dased on

the/



the emplirical method presented In A.R.A Report No & Thege
comparisons show that certain changes in the empirical method are
deslirable and appropriate suggestions are made 1n thils note, a
finai revision w11l be made wheny further experimental results are
avallable ghowing in particular, the effects of changing the depth
of the stere beneath the wing

The unpublished results of some ad hoc wmmam at dwpnmonwo speeds
on winged misslles mounted beneath both a 80° delta and a 40 SWept-
back wing are given 1n order to emphaslse the dapgers 1n uglng the
empirical method for stores which have significant wing-type 1lifting
surfaces
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