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A wind-tunnel investigation was carried out on an o sc i fla t in g model of the F-S
wln&1 with and without an externa l store (AIM-9J m ics il e). Detailed steady and
unsteady pressu re distributions were obtained over the wing , while on the store
total aerodynamic loads were measured .
The tt” ts covered the Mach number range between Ma ~.6 and Ma - 1 .35 , and
reduced frequencies rang i ng up to k 0.4 at t4t • O .t~ and to k 0.’ at ~ •l .3~
This report (Part IV)’~j1ves an analysis of the results of 

the configuration wltt
the store mounted at a pylon under the wing . Emphasis ‘is put on the influence
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‘ the pylon and store on the wing loading and further on the loads acting on
the pylon and store Itself . A comparison is presented of experimental data
and theoretical results obta ined with the unsteady NLRI and Doublet Lattice
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FOREWORD

This report was prepared by the Nationa 1 Aerospace Laboratory
(NLR of kisterdam , the Netherlands. The sponsors were the Air Force
Armament Test Labora tory (AFATL/DLJ) of Eg lin Air Force Base , Florida

S and the Air Force Flight Dynamics Laboratory (AFFDL/FBR and AFFDL/FBE)
of Wright-Patterson Air Force Base, Ohio. The sponsorship was per-
formed through AFOSR Grant 77-3233, administered by Captain 0. Wilkins
of the Air Force Office of Scientific Research (AFDSR/TKN ) of Boilin g
A ir Force Base, Washington D.C.

The report consists of four parts . Part I contains the general
description; Part II discusses the steady and unsteady aerodynamic
tests of the clean F-5 wing ; Part II! discusses the tests for the wing
with tip-mounted stores; and Part IV discusses the tests for the wing
with under-wing stores. V

The princ i pa l investigators were Or. H. Tijdema n and Mr. J. W. (
van Nunen of NLR . They were assisted by A. N. Kraan , A. .J. Persoon ,
H. Poestkoke, Dr R. Roos , P. Schi ppers and C. M. Siebert of NLR.

W ithin the United States Air Force, this program was initiated by t

Lovic Thomas of the AFATI. It would not have been possible without the
expert assis tance of R ichar d Wallace (Lt Colone l s USAF S, Retired), and
Lt Colonel Daniel Seger and Major Robert Powell of the European Office
of Aerospace Research Development (EOARD).
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IN ?RO~UCTION

In order t~~ determine t~ e unsteady airloads on a representative
fighter—type wing at transonic and supersonic speeds , wind—tunnel tests
were carried out on an osciliatii~g model of the F.-5 wing with and with-

out external store. If present , this external store (AIM—9J missile +

.au.~cher) was mounted eit~.er at tne ti~ or ~ t a pylon unãer the wing.

The wing model was oscillated ~r. pitch about a 50 per cent root—

chord axis at frequencies wi.rying up to ~4O Hz (for dimensions see

Fig. la). The Mach number r~~ged betweer. 0.6 ar.d 1.35. Detailed pressure
distributions , both steady and unsteady,were measured over the wing,
while on the store the total aerodynamic loads were obtained. A des-

cription of the experiniental t-~st set—~.p and the test program is given
.

in part I of this report (Ref. 1). The results are published in a data

report (Ref. 2), while for easy data handling they are available also on

magnetic tape.

To assist in the evaluation of the data, reference 1 is supplemented
by three additional parts, covering successively the clean wing, the wing
with tipstore and t~e wing with underwing—store. Each part contains plots

of the steady and unsteady pressure distributions and gives a brief aria—

lysis of some selected results.
The present report (~~~ t IV) focusses on the configuration of the

wing with the underwing—store (figure lb shows the model of this confi—
guratiori mounted on the side wall of the NLR High Speed Tunnel (HST),
while the location of the pressure orifices is given in figur e l o ) .  The
report considers the influence of the pylon and store on the wing loading
and on the loads experienced by the store itself. For the wing this ana-
lysis concerns a comparison with the clean wing configuration, results of
which are taken from part II (Ref. 3). For the loads on the pylon and

store the contributions due to the pylon , the launcher, and the missile

body with aft wings and canard fins are considered. This last part of
the analysis is slightly hampered of the fact that during one of the

testruns on the complete configuration the canard fins broke from the
model, causing the omission of supersonic data for the complete confi—

guration.

For Ma = 0.6 the experim ental data are supplemented with theoreti-

cal results obtained with the NLRI—meth od , an unsteady panel method for
wing—body configurations (Ref .  5 ) .  Further , since the NLRI—method is
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-~~~ — . . ~~~~, 0 ~~~ 0.5 d~~ r~~ s , ~ac h  ~~~~ ~~ves a co ,~ r son of tor e s tea-~~’
otri tistributions for the configorat on with the~ underwing—store and

f~ r ~r 5 r ean w:r~~.

5 
: nt’ra~ , o:~.~~ hir~ a py~~ n and store under a w i n g  h~e~ a cons ider—

able e:f~’ct on the flow fi .-ld . The :‘l~ w has t~ divurge , whi oh locu~ ly

resoI~ ~n increased f.ow ~.-~-l :ics , causing L :~irt~:ur lowering of tne S

~ 
on the w-~r ~~ie of  tne wi:.~ (e.g. see F:go.

‘..o. ‘~~ — of  A pto~ndix IV.B.).

n f i  ~‘~,re ‘a i n~. w:. how t 1.1 s !‘f t  ~t in :’ 00:1O c S !re ~panw

nero~a b a a  uis trii-r.tio z : •‘~~
‘ Ma O .n .  Besides a ~~ec r u a s t~ of the

S 

w::cn ~s ::x~~~1 just inl-oa ro of trio ~sy or1 one Ohs~~rv e S  a.  so a o~ . so~~r~—

i n - .. tv  across the py~~ :.. T:.r s jump in the loading , wr ich o r r e o p . r 5 . i o

to a ~~~~ .. -~ u on the py bir n , red u~ e5 wit h ~noreacing ir~ci~ t-nce.

At tr ansonic o o r . d : t i ~ r .s (Ma = O.~~; F i g. fb) the addition of t 5 5 C

prIor, and store ~~~~~~~~~ a ~~~~~~ of oupt rs rrio f  o~ over the ~~-r’ -~~

our :‘a c t - : ~. :.~ w r.g on ro th i :es of’ h on. Ti. is suoero :.~ c reg ~~
:s responsible for ’ t ne relat ively barge d crease of the steaoy r:orna

b a t  on tn~ inDc,ard par t of b ’ wing.. With th~ loan on the  outboard section

renam Ing rd~ ost unaffected by the presence of the pylon/store combina—

tror ., the jump over the pylon has increased with respect to the Ma = 0.6

case. The dependence or incidence is similar to the  subsonic case, be it
that for ~ = —0.5 the normal force near the t i p reaches even a larger
value than found for the clean wing configuration.

For Ma 1.35 (Fig. ?c) the interference effect from the pylon and

store :s smaller and also less regular over the span. Just inboard of

the pylon the normal load is decreased , hut around 50 per cent of’ the

span the load for the configuration with store grows above the value

for the clean wing. In sectior, f, just outside the zone of influence
originat ing from the front of the pylon , the tifference becomes negli—

gible again. Between the pylon and the wing tip the interference effects

vary strong ly with  the spanwise posit ion.  The jump in the  normal force

over the pylon remains small. The trend with incidence is similar to the

otr;er cases. S

The quasi—steady sparwise load distrijutions derived from the steady

u.stributions , are presented in fi~ in’es 3a to 3c. i~ualitatively, the

effect of  the py ion and ~‘tore is the sane for the three flow conditions

considered : an increase of the quasi—steady loading inboard of the pylon

az~~i a decreas e on the outboard part ot’ the  wing , toge t her resulting in a

• 3
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The quasi—steady side force and yawing moment coeff ic ients  for the

combination of the pylon arid store are presented in figure 6. The quasi—

steady side force is positive (pointing outward) for all configurations,

vh~ ch is in lir,e with toe behaviour of the quasi—steady spanwise load

di stributions on the wing near the pylon (Fig. 3). With only the pylon

present,the side load is very small. Addition of the launcher increases

the side load uniformly over the Mach number range considered . Next ,

adding the missile body together with the aft wings and canard f ins  more

than doubles the quasi—steady side load. The quasi—steady yawing moment 
A

is small for all configurations.

3 UNSTEADY RE SULTS

3.1 Vibration modes

To monitor the vibration modes of the wing and store during the

tests , the model was equipped with 12 accelerometers , eight in the wing 10!

and four in the launcher , of which two were measuring in vertical direc—
tion and the other two in lateral direction (for exact loacations see

figure la). In the same way as for the clean wing configurations (see

Ref .  3) also for the configurations with the underwing—store , the

readings of these accelerometers were used to make analytical approxima—

tions of the vibration modes for the 20 Hz testruns. The polynomial

expression used for these approximations is:

n m (m = 0 , 1 , 2; r-, = 0,1 for the wing)
w(x ,y) = a x  y

= 0; n = 0,1 for the store)

This expression assumes no deformation in chordwise direction and a

parabolic deformation in spanwise direction . In using the measured

values, for testrun ~48 the reading of accelerometer 5 was weighted to
ensure a realistic development of the torsion angle along the span .

Further, for testrun 1~3 the accelerometers in the store measuring in ver-.

tical direction gave erroneous readings. Therefore , the vertical dis—

— placement of the store was taken equal to the displacement of the wing S

at the location of the pylon attachment , which was in accordance with

the findings for the other testruns. Taking these two points into account,

the difference between the analytically approximated displacements and

the experimental readings remains within 2 per cent of the maximal dis-

placement. Table 1 presents the numerical values of the coefficients

5
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on the upperside are shown with a revert ed si gn.

In the present experiment the unsteady side t ’crt 5’~’ and yawing

moment acting on the pylon ,as wel l as I hi’ unsteady normal force , nid&’ V

t’orce , p itching moment and yawing moment on the store were measured by

the same strain gage balances used to obtain t h e  steady data ( for details

:~ ‘e references 1 and 6 ) .  Plots of thes~ q ua nt i t ii ’ : m ver sus Mach n umber

&Om ’ presented in Appendix IV.!)  fox ’ t~~~b I f t,) l i t r  t - t ’ s t ,

The problems w i t h  the vibration modes in the test run s J~t i and ~~~~

are the cause for the incorrectnegr ,  of the value:; for the forces and

moments on pylon and store as given in the t abulated r e s u l t s  ~H ef .  ,‘) .

For run 1i3 the correct values coul d be retrieved . I’ll ’~’y are presented in

table 2.

3.2.2 Unsteady loads on the wing

The development of the unsteady normal force wit h  Mach number in

the sections 2 , 5 and 8 is given in f igure l~. For a frequency of 20 H~,

th i s  figure presents a comparison between the results  of the clean wing

and the wing wi th  underwing—store. For the lower Mach numbers the store

is complete, while for the higher ones t he data represent the configura-

tion with the canard fins miss ing.  At Ma • 0.9 both configurat ions were

tested.

Comparison of figures It and S show that the character of the inter-
ference found for 20 Hz is similar to that for quasi—steady conditions

except in section 8. In section 2 the presence of the pylon and store

is not felt , while in section 5 the d i f f e r e n c e  between the two configu-

rations at 20 Hz is slightly less than for 0 Hz. However , in section 8,

contrary to the quasi—steady findings , the pylon arid store do influence

the unsteady normal load at 20 Hz .  As explained below , the reason for

this is different for each Mach number . The large uifferences  found for
- 

- Ma = 1.1 may be caused partly by the change in stagnation pressure from

‘
~~~ 

P = L O x  ~~ Pa to P = 0.7 x iO~ Pa.0 0

To find out how the interference of the pylon and store spreads over

the wing, in figures 9 to 11  the spanwise distribution of the unsteady

normal force and pitching moment t o i ~ the configuration with and without

} 
*• For the integration of the unsteady pressure distributions in sections

3 and 5 the zero vaI_ue~ wrongly measured on the upperside near the
leading edge, was replaced by a new value, obtained by spanvise inter—
polation between sections 2, It and b.
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that the iri x’Iuenct’ of the canard :‘ i n t .  on V t ,  unsteady sp a n w i m i t  S -s.C -1 i t ; —

¶ r t 1 m i t : ~.x i s  i t ;  neg l ig~~t - 1t ’ .

At Ma • 1 . ~‘, t i~~’ .‘ t’t ’.’ 5’t ; - t ~ V h i ’  underv ii ig,— t  to ; ’ ’ ’ i s  very regu m ix ’ , ‘~ h~’

r i ’s  - part o l’ the t i L ’t ’ ! n O L  I f ’ - ;o’ i’  F; . V I a) j s I t n ’  r .’s, I cv. ’r the i i i i.  ‘srst

~
-
~~

rt ‘1 ’ t h e  win g mu; -I t~’ - ‘ 5 t ’  m i s t  ‘1 ev e r  C Vu o u t - C  ,.s;’ I part , mitt Vii:. m ’l ne- rved

ti 1 - - - I ’d ’ I lie quasi—steady Ot i s . ’  i’ t . 3c ) . t i  : i ’ i,’ t i .  ii  C , just Omi t m ; 1 - i ’ ’  I I t  -

,mo ni ’ of influence originat I rig from the t’r - ~I it of th e py l i i i , the i iii ’ , u.’t.c.

has become almost zero . The imag ina ry  part , be i ng ~mal1er in magnitude ,

is affected on 1~y xiear f - Ct. ’ py lon . The t-etta v t ou r  o f ’ t , b ~. ’ unsteady p it ch 1 x;g

moment i5 similar apart. from a - ti p in section ~. ( Y i g. h i .) .

~. 2 .  ~ Unstea dy I ‘m o i s  on the pylon ;LII ,I tit or. -

The s u n  L I  the unst eady lateral loads at 22 Hz m, ’asurt ’d by I n . ’

b-n ,;Ul Oi ’5 iii f l i t ’  py lon ais: the :;t  ~iS t ’  IS  1 i~ ’ V n 5 ’5V ~ t V ’ I g l i ! ’ .’ 12 V s - i ’ ,

Mach n u m ber .  As the  conf igura t ion  is gradually mad e more ‘ om p i t ’X , I V t . ’

i n f l uence of t he di fferent parts of t he t m t  or.’ - ‘at . C-. ’ studi  ed.

I’tt.~ behaviour of the real part s ’ t ’ the tt ide for~’t,’ m u t , i  V h s ’ yaw i hg

moment c o e f f i c ien t  :t is very s imilar  t o  what was found f5~;~ ,) L i:. ( F i g .  0 V

1~C ,  is  i s  val j Ll for the development w i t h  Mach numl-t ’r io, we~ 1 as for C he

variat ions reuu,lting from changes in the conf igu ra t ion . i’hi ’ main 5 ’i ’ nt r ;-

b i tt i on  to the side force comes from the aft w i ng s .  ~\ ‘r Ma O. t i t  ~~
shown that th e canard f in s give a negligible ‘ont.ribut ion . Phi’ rel ts -or ;

for t h i s  is clear . Their locat- i ori far in front s ’ V ’ ( h e  main wing makes

any in te r fe rence  or ig ina t ing  from th i s  wing i m ; i ; t t mit l . TLt ’r e f o x ’ e the  “ ; i iy

way the canard f ins  can cont r ibute  t o  the side force is by means - ‘1’ a

lateral motion of the store i tse l f , and t h i s  m o t i o n  was V ’~ -unsi t o  be

negligible (see section 3. 1 ). The imaginary part oh ’ t h e  si  dt ’ fore , ’ t n t

S 
almost .~ero , wi th  only a small cont r ibu t ion  of t h e  m i t ” , wings in  t h e

supersonic range .

The total unsteady yawing moment - remains smal I .  At ; fas as the real

part is concerned , Lb. ’ launcher and m i s s i l e  body coti t ;’il’ut t’ most , w t m ; I t ’

the af t  wings give a small reduction . The imaginary part is negl ig ib l e .
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- , n n ’~ - m g—s t~- r.’ is given t X ,  figure 15 . lis’ I Iteoret- i.’aI result & C’- r S lit-

5 0  s I  -re were COtO ’ ,i ’ e . t  w , t C ;  V Cu ’  l ,hh i — o c t  n - ’d , w C,;lt ’ for Cu ’

~ t o g  ‘ V . ’ ‘3L’ t t b - ~~t’t L.at,t ic. r n , ’ ,  t o o  ~“ n m e n - - i  t n , ’t ’.

A n t t’~ -ti mid for’ the ci , ‘a t n  wi ;n g , al t t m ’ for t Vi ’ ’ w i n g  w i ll ; py lon ~~i.1 ti I ore ,

V it .’ real part uC’ the calv’u 1 at ‘‘‘1 m o n  ~ t ,  ‘ti d y normal t ’ox’~’.’ , t is normal, is
I s i n g . ’  r I h t rn  C lie experimental v m i  n i t ’ . ; m i c e  the i i :  ¶ ‘ l ’,’r’ , ‘n~’es are s i m il a r

bot I; L’Otl f’i gurat ions , oo rtm ’ 1 ;i~t . 00 :; ~‘Orsc ’rr i  1 fl~~~~ ’~ nter I’erence p 1’ t’e~’t

s h o t , - ; remain v t t l t t ,

The theoretii’al ca l o u lt i l  ions pred ict art int-erft’re;,c” ~i; t . ’ I - ~ t l i t ’

presence of the py ion and stor e , which agrees reasonably with the cx—

per ,n. ’nt -’ti f i n d i n g s . In I he sea I ~ a r t  ot ’ the l i t t u t  ead y l oading the salon—

lots so ;  and measured ,~nuit~- over the pylon mire of the sane order. The pre—

c C cu r e d t i~’t t o m ;  of the load on t Cu’ o~ it V-oar.I part of t t ie wing is t i r g m - x ’

t i , , a m t  t ’oiu id  ~‘x~’t’riseiitally. The reason for this is t b ’  r ela t ive ly low

. - x ~ ’’ ’r ;tn~~’t i t  tt ~
’ v n t n i I , - I t  fo r  the c i  tO Ut wi r ig , which tic i’xp I ii i ; n , ’ d  in par t 11

Viol ’. .~~) are otts.~ed i-v u m i t ’xN ’ L’tt’d peaks and bulges in I Is’ measured un—

~ t i’aiiy pressure tnt ; V s  I but  ions ii;t~I which tend t - ‘ lower t hi’ l i t  t -eg;’at c~i V

v m l o u t’t ; . The small increase of the normal load inboard of t h e  py l oi n i s

i t t  observ , -~t in I V i e t es t-s  for  .10 Vi; ’ . for  reasons explained above in C

s.’.’t ion ~. . . C , but a t~ i ;tl i l a r  increase is foun d in the quasi—s t eady case

~ set’ ~“ I g. I t t ) .  
S

In table the exper I me;; t a - mu ’r ’n a I 1’oi’~’.’ , pit ~‘li t i g  moment , t t  I

t’e so. ’ and yawing moment acting on t t ~. ’ o~’m b I t in t  i ot t  of ’ py l on and store

are ‘~ -tmip ar ed with the value;; obtained with the NLRI—methooi . For the

uns teady normaA and side for~’.’5 the agreement is good , while for the

pitching am;d yawing moment the theoretical values are off i’y a factor

- - 1 ’ V we .  however , in evaluating 1 - b ; ;  s , i t  sh ou l d  1’S real 1 n’.e~1 t.hat t he

no r’r,-,ai fo r~’ e as well as ho ‘ I t  tn - rne t t  I t ; are very smal l . ~‘or exainpi e, t C t . ’

real part c~ t’ t b ’  normal force is only ‘ per i’s - i t t  of t i t . ’ force acti ng

on a ;; t r i p cC ’ the wing on iso l b  si-It ’s of’ C C i . ’ py Ion  hav ing  V he Sana’ wi~It ii

mi t t the store . For the s i l t ’ fo rce  t h is  value i s  about ,iCt per sent- .

.2 f c l i t ’r ,;t.t- i zat ion in t erms  ot ’ the P o t i l -  I ~~ Latt - j O t ’  Met-itoil

Compared to the \ ‘iit ’lt ’t 1 s t - I -j e t ’ (Pb 1 metho d , the NIRI—met,hod uses

C t,o. V im , ’o more computer  C i n. ’ . This  makes the computat I ci t  of unst  .‘ad 5v

c for ce  ooe “‘  .,‘icri t ti for  f lut ,t er  ~‘ .‘i’t t t’icat ion very expensive

and i rn ’,’t’ n t i ’ C i cal i t’ ca r r i et  ~- ; i t  so Ic l v  w i t  Vt t he  N I V~ I — m et h o I  . Therefore ,

n i t ;  ~ l’op.~’;i.0i t o  r . ’t ’.’;’~’;i, ’,’ ‘‘ , it is wor: hwlti Ic to i:;v.’st - i g m i t . ’ t in.’



~t , S-c i r t’v - .~~ t ~mnu’ h c m i  - ‘O ’,n ; ’ ’ ;S s u e  lv i i ’  Ft a cI~’’it1’.’- ’ ”” ’. Cm _ - I

as V .Ctt’ , 1 .—n’.’ - ’ ‘ - _ , iS’S ‘‘5 t In . ’ ti n - ’ - - - n m ’ nt ‘ bit s I -e s ’ s _ ‘t’ ‘‘~‘k.’d

‘ig .; ings rt’o tI .~~ ~~~~ a ‘
~ : ‘ - — -  n ,  - , ‘ ‘it I ’m , ,

I :  ‘ ‘m ‘ 0’ , t -  0 ’ ‘n V i’s t I , 5 ~i ‘, , , i ’ , V j ~n n’ ‘‘ .; ‘ .1, - v , ‘- such a - -‘c ;. ’ .

‘I i .  V r S ’ n ’ I - t ;  V
’ “ ‘ ‘ ‘ I — m ’ s ’ s -  d , i i i  w I n i  C o  ‘, V o ’ -.t ’ - ‘r ’  is  s t  m”’:s’r;Ss ’,I t Y

tiona,l ‘ - ‘ ‘~i “ I : ,~-. ; n’V ’t; ,’ - n - n - r I - n , “h.’’-.’ :~ . . I - ‘ n o ,  ~ 
j I V  ; t

I n t i ’ .’. t., ‘‘o t I S  ‘ ‘~ S les. I t y  m ’ C . ou ,  1 lead V - a g-o - ’t  t - i ’ ’ - :io ’,. n o t ;  n V ’ V V ;’

i n n ’ ‘ - “ 5  - ‘ ‘ - ‘ -  ‘n ,  n ine wj t n ~~~~mt ~~J ;; ‘. ‘ V m - - : tt,tst n ’ 5- , ” ’ ’ ,n’ \‘e r.- m , n I c  \‘ m t I ‘ n o t  f’

1.~~’ ; V . ~~x’~ts ,‘o . s . lo ,  t ot’ ’ Xli l E t ’. - ‘~~ a panel 0~~s ’,,r ; ’t”. , V . , n ,  i t s

0 ’ ; . - - - ‘ I n n  V’ to m ‘ n , ’ s” sri’ sri mi reasonably w , 1 1  Icr I he cc’ “ ,
~-5 in” , V - 0

wIt ’; c o nr - ’’ s - t m 1 ~ s V , .’t” . ‘I’h.’ s~~ e panell;ntg s o t i o r n s ’ , w j V h n i n :  u~t dI’ - - t n ’ S

Vu r’ , :.on s-al r’ ’-~ t
’ t-Rn , n  .& 1 o node 1 n t ’  i’~~tt V ’ - Scm’ ~~id r I V  - ‘ - - c mm .cn. -V - C V -nt 

—

V b ’ launic’h ‘‘m ’ nn ,’td no ‘,:sji.’ cdv , is :tt.o’d I ’~’m’ V - - n m n g  w n 5 : ;  - o w :  m 

CV I n n n i t :”  I - .1 m m  Sr i  V n i l  ot ;  is 
~ \“n; n I ’ ‘ - n m ”  1 ; .

on ii ’, o n l y p r e t n n n ; r ’ i’ mu n l normal ~ond di m t  r~ l i ; ~ , O V , ; t 00 V m ’ - ‘ S ,

ot”,aimt.’-l w tI n nini s ~L I ’t_’ : t 5—i s~y o U ’, for I- I t t  = 2. i ’  cot F = CC ’ !V.s , are

identiouC_ So SC - ,” c t - C ; :  t’cn;nd wIth tbc  NI,b 1—ns’Vl- ,~-~n . T’’e um; ’ - - - n ,- , c t i , t n m  on

n-v Son and :t (or,- ’ t re gi vein in tat le ~ . A S t ,hsu~~V - . ‘ I n s - noun ’ ’ — 
- t t , ’~ ’;l ’ was

ntdcr t~’d fri m t i n s ’ - ‘~~ri f I g;u’ ti S I On vi 1? :  1 1 pit t o r t -  tin:d tic ope~’ :5  V non m i g  f~--r

V ;c ni’es.- V n ’  - ‘on I’ ,~~~n t t ’ n , t  I , - n ;  was “i;i,l,~, V be nlgr . ’ s”n , m - ’ -  V : - - - ‘~~ - ‘5 I t t - n ’ . Sal ;m V

t o m ids  is ‘,o~~~’, good . Even t i-i c , n m t ” , l s are i’r~’. C I o :  “-I well .

~
‘ lo -ar y • S Vu I ,‘ t-’ _’ oV ’ pi ’~V n t ’ m m C V :  ‘rut ’, I nsst ion  pr cc .’m : ’ od ‘ i l-  ‘so ’ Ion ’ V C ; . ’

~ e l  u~ I - 
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the behaviour’ with Mach n’,,~mber , which shows that at Ma — 0.9

the wing loading is dominated by the formation of a shock on

the lover side of the wing
the influence of the complexity of the store , which indicates

that the side force grows consistentl y as the store becomes
more complex , vhile the yawing moment remains very small

a descript i on in terms of polynomial s of’ the in—wind vibration

modes for 20 Hz

a compar ison of these vibration modes with those of the clean
wing, shoving that the pylon and store hardly influence the posi-

tion of the nodal line

a comparzson of unsteady experimental data for Ma — 0.6 with

the results obtained with the NLRI—method , shoving a satis-

factory agreement

the de f in i t ion  of a panel distribution for Doublet Lattice cal—

cuiations of which the results agree well with the experimental

data and which may be of use in practical flutter investigations .
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API’~NDIx IV.C
Unsteady Pressure Distribut .ions

Wi ng + I~ ~on ( C~~if . 1 0 )

Nominal I . OscillationRun Nominal 
~ ,~ ~ .s  

, 
K amplitude Fig.No.

No. Ma o H.. J
(Pa) (degrees)

i:8 o .6 .0 00 0. 1~) ?  0.5 IV.C. 1

li~ 0. ~‘)Q 0.00 0

1.~~ 0.9 00 0.137 0.53 IV.C.

1:14 ~o o. 073 0.20

1 114 1.10 0 0~ 11 5 0.~ I V . C . 5

1 1 5 1.0 14(S) 0..’31 o.:, ’
1~~~ 1. 1 0  0.7 00 0. 117 0.5 :’  I V . C .

I 110 140 1 .~~~3 0 .00 8

I 114 1 . 35 20 0. 0~)9 0 . 53 IV.  C. 0

105 0.7 140 0. 199~~ 0.22 10

Wing + Pylon + Launcher (Conf. 20)

Nominal Oscillation1~~ . Nominal 
~~ 

F K Fig.No.P x 10 / ., amp...itudeNo. Ma o
(Pa) (degrees,

57 0.6 0.7 10 0.101 0.52 IV.C. 11
58 20 0.201 0.5.2

140 0.1403 0.2~

614 0.9 10 0.070 0.53 IV.C. 114

20 o. 1140 0.52 15

66 30 0.210 0.37 1t~
(
~1 140 0 . 210 0. 2

I 1. ~1) 10 0 .050 0 .53  IV.C. 1~
I’ ’  ~‘0 0. I 18 0. ~~ 10

74 40 0.176 0.37

140 0 .0314 0.20 01

78 1.35 10 0.050 0.53 IV.C .20

79 20 0.099 0.~i2 .23
80 30 0.1149 0.37 214

81 0.7 140 0.10’) 0.23

90



5 )

+ Py lon + Launcher + ~ i~~u 1 & ’  i~ody + A f t  W~ n;~~ Con f .  3 1)

Nominal F Oscu lationRun Nomi nal P x 1O~~ (Hz) K a2npl itud~ 
Fi~~.No.

No. Ma o (Pa) (degrees)

88 0. 9 1 .0 20 Q. 1 4 1  0.~)0 I V . C . O b

O 1 .0 14o 0. ‘9 1 0.: :7

1 . 1 0  0.7 20 0. 1 1 0  0 . ’~. ’ I V . C . 0 ó

o I :,~ ~~~.
‘ ~~ ~~~~~~ 2’)

‘1’ 1 . 3 ,‘C 0. 2. V. 0.
I 

~~ 
~~~. ~~ 0. 1 ~~~~~~ 1

+ 1’~’ 1 CT ~ 4 I ILuf lc h ’r + Compl ~~t c ~is  ‘ C~’n V . ~~ I
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