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1c NACA FM L53306a UNCLASSIFIED 

By E. Horman Silvers and Thana6 C. O'Bryan 

The results presented in this paper indicate that the effects  of 
s tores  on wing load distrlbution at smsonic speeds may be predicted by 
a v a i h b l e  methods at the lower angles of attack where wing f l o w  separa- 
tion is negligible. A t  the higher angles of attack where wing flaw 
separation  exists, a store Located inboard an a swept wing may act  much 
l ike  various devices  designed t o  &Lay w2ng pitch-up by reducing  the 
loss In load. at the King t i p  due to flaw eeparation. F'urthermore, the 
results indicate that the normal force and pf t chbg  mment of a store 
located at the wing t i p  can be calculated  quite w e l l  by avai lable  methods. 
On the other hand, no theoretical  procedure is available t o  calculate 
the severe lateral forces and mcnnents encountered at zero sideslip on 
an inboard arrasgement of stores  on a swept wing. 

The continued use of external stores an airplanes has intensified 
the interest  in general bads information Fn this field. Until  recently, 
the only results E " . e  had been obtained to solve a certain  specific 
problem and were of Ut* use  in relation t o  the general requirements 
of designers. Several external-store load programs intended to provide 
general design M o m a t i o n  are currently being followed by the National 
Advisory C a m i t t e e  f o r  Aeronautics. It is the purpose of t h i s  paper to 
review the av-dlahh results af same of these investigations, conducted 
f o r  the  most part  a t  subsonic speeds, and t o  indicate s a w  observations 
that may prove helpful in the design of future external-store 
installations.  
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l i f t  coefficient, 

s t a t i c  aerodynamic 

0 .25~ '  of a, 
pitching-moment coefficient  referred t o  
P i t c h i m  moment 

M c e  root bending moment 
bending-mcment coefficient, 

q% ; 
section normal-force coefficient, 

Normal force 
w 

Pl - P 
pressure coeff icierrt, 

lateral center ~f pressure referred t o  ~ i n g  ~dep-, aQ/Q, 
increment in l a t e ra l  center-of-pressure  location due to 

Q 

exte- store,  YCpm0&l + store - YCpmO&l 

store normaJ"f orce coefficient, 
Nonaal. force 

SSS 

s t o r e  pitching-moment coefffcient, 
Pitching momRllt I 

qss 2s 

store side-f orce coeff fcient, 
Side force 

q5s 

store yaxing-mment coeff Icient, 
Yawing moment 

qss 'Ls 

store  aormal force, Ib 

store side force, lb 

free-stream dynamic pressure 

free-stream etatic  pressure 

local   s ta t ic  pressure 
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a angle of attack of deg 

sw KLng area, sq f t  

SS frontal area of store, sq Ft 

C '  mean aerodyllErmic chord of wing, f t ,  
theoretical tip) 

- 
C average chord of wing semispan, ft 

C local wlng chord, Ft 

Y distance outboard of pLane of symnetry, ft 

t S  length of stoR 

D diameter af store 

A m e p  of the 0.252 =ne 
A aspect r a t i o  csf Xing 

DISCUSSION 

The loads associated with external-store Installations can be con- 
sidered in two parts. One part is concerned with the effects of the 
store  installation rn the loading of wfngs, and the other is  concerned 
wTth the dfrect loads an the stores. The f irst  part of this paper deals 
with store-induced wing loads. 

In order ta dete- the store-induced wing loads, t e s t s  have been 
made of a 4 3 O  sweptback wing of aspect ratio 4.0 in contbfnation with a 
fuselage. As shown in figure 1, the WLng was equipped with pressure 
orifices a t  five stations across the span. In the analysis of the  results, 
a l l  five pressure s ta t im yere consfdered a~ being on the same wing panel 
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at semispan locations of 20, 40, 60, 80, and 95 percent. TWO arrange- 
ments of the external  stores were investigated - an inboard arrangement 
and a wing-tip arraneplent. In both arrmgements, the stores were attached 
d i r e c t l y   t o  the wing surface. 

In this investigation the distributions of? section normal forces - 
over the wing semispan have been obtained at subsonic asd Low transonic 
speeds. First, results are presented f o r  the inboard external-store 
iPEltdlation. Figure 2 shows the ef fec t  of this instal la t ion on the 
8pauxLse distribution of section normal-force cwff ic ien t  and on the 
s t a t i c  aerodynemic p i t ch ing -mnt   coe f f i c i en t  at a subsonic Mach number 
of o.”u. 

The variation in  the s t a t i c  aerodyaamic pitching mcrpnent has proven 
t o  be a useful guide t o  changes i n  span loading over a sweptback WLng. 
One of the most significant changes in  span loading indicated is the 

is characterized by a rapid posftfve fncrease fn s t a t i c  aerodynamic 
pitching mament. A t  an angle of attack of U0, which is w e l l  beyond 
the onset of pitch-up f o r  this wing, the loss in q r i m e n t d .  wing-tip 
load i s  apparent Fn the distribution of sectlon normal forces by cam- 
parison with the span loading calculated by potential-flow mthods of 
reference 1. Before the onset of w i n g  pitch-up (as represented by the 
results at a = bo), the load di6tribUti011 calculated by potential-flow 
methods is i n  good agreement with experiment. 

l 0 S S  in wiw-tip load  that is related t o  ailplane pitch-up - pitch-up 

The s t a t i c  aeroaynamic pitching moment also i l l u s t r a t e s  the principal 
e f fec t  of inboard stores on the l o a  of the plain wing. That effec t  
is t o  delay pitch-up t o  higher angles of attack. In tlzis respect an 
inboard external store  behwes in  much the same way as cer tain auxiliary 
devices designed t o  &lay King pitch-up. Sane of these devices are dfs- 
cussed i n  references 2 and 3. The distribution of section normal-force 
coefficient  over the wing panel at  an angle of attack of 12’ with the 
store on the WLng shows incmased loading at the wing t i p  that is  repre- 
sented fairly w e l l  by the calculated loadlng of the plain wing. A t  a 
1-r angle of attack (a = bo), the cakula ted  10- of the p l a h  wing 
is & h o s t  i den t i ca l   t o  the emrimental loading of the wLng-store 
combination. 

. 

To illustrate chordwlse loading, the chordwise distribution of pres- 
sure at an angle of attack of Eo and a Mach number of 0.70 is presented 
in figure 3. TBe results show that, on the inboard B i d e  of the stom, 
the store reduces the loads of‘ the plain wing by pramoting thickened 
bomdary-layer condftions. The additional t l p  loading due t o  the Store 
is  seen t o  cane frcon a amdl  region of loadings similar t o  those that 
can be predicted by potential-flow metus  just outboard of thfe  store 
end increased  normal-force loads c m h g  fram reduced separation losses 
outboard of this region. 



The points 09 design interest shown by these results are that at 
subsonic speeds i n  place of more detailed loading information  the static 
aerodynamic pitching moment can be used tt8 a guide t o  €ndicate the limit 
of the angle-of-attack raage over wfiich the span load distribution of a 
plain wing, calculated by potentFal-flar methods, may be used t o  repre- 
sent the span load distribution of a swept-wing-fuselage ccplibination 
having inboard external stores. Furthemre, an inboard external store 
extends the range in which cdculated span loadhgs can be used Fn the 
same way as auxiliary devices designed to delay wing pitch-up. The 
amount of extension, however, is  likely t o  depend won the store arrange- 
ment. It fo l lows  that, if  the design Umit of a swept-wing airplane i s  
not attained p r f o r  t o  pitch-up,  recourse must be taken t o  experimental 
span loadings for design purposes. 

Although the information  available on the effect  of inbosrd external 
stores at transonic speed8 is limited, results obtained on the installa- 
t ion  just discussed at a ~ a c h  number af 0.91 (fig.  4) provide same insight 
into the laad- conditians that may be expected in this speed range. 
The delay in WLng pitch-ug caused by the inbomd external store at  sub- 
sonic speeds hae vanished at a Mach nmiber of 0.91. The sfmilaxity 
between auxiliary devices designed t o  delay KLng pitch,up and inboard 
stores is ag&h apparent, since both lose  effectiveness in deLeying wing 
pitch-up with entry into the transonic speed range. A t  an angle of 
attack of U0, the pla in  wing and the --store  collibinatian are experi- 
encing  wing-tip'separation, as evfdenced by pitch-up, and the loading 
characteristics are similar. The calculated distribution does n o t  provide 
a reliable indication of the experimental loadings in  this asgle-of-attack 
range. However, where there is negligible  wing separation  prior t o  pitch- 
up, i l lus t ra ted  by the resats at a n  angh of attack of 40, the inboard 
s tore  again has 110 major effect  on the w i n g  qan loading. 

The discrepancy between the c&ulated loading and the experimental 
l o w s  of the plain Xing and the wlng-store  canbination can be attri- 
buted t o  the f ac t  that theory does not adequately estimate the Ilft- 
curve slope of the model at this Mach nmnber. 

The dhhurt ion of the s-pan Loding  of the ving t i p  with increase 
in Mach number (figs. 2 and 4) is represented in  the chardwise loading 
(figs. 3 and 5 )  by the reduced suction pressures 09 the outboard side 
of the store and beyond this region in  the reduced sectios loads associ- 
ated with the stalled type of pressure distributions of the chordwlse 
loadings. Theory cazylot be e w c t e d  t o  predict stalled-- loadings 
such as these. The attainment of strpercritical f l o w  conditions texmina.ted 
by compression shock on the wing ard the --store  combination at the 
wing-fuselage junctum as evidenced by the second peak i n  the pressure 

not  adequately estimated by theory In this speed range. - distributions i s  one af the reasons the lift-curve slope of the model is 



The e f fec ts  of t ip   s tores   a re  now considered. It i s  well-known 
that these store arrangements haxe some significant aerodynamic advan- 
tages on straight-wing  airplanes that appear also t o   e x i s t  but t o  a - 
solnewhat lesser degree on wings with sweepback. The advantages come 
from an additional loading of the wing t i p  induced by the   t ip   s tore  that 
can be interpreted as an effective  increase  in wing aspect  ratio. This .. 
effect  is i l lus t ra ted  in  reference 4. In  figure 6 this addi t iona l   t ip  
loading i s  shown at a Mach nrmiber of 0.70 in the distribution of section 
normal force at 8.n angle of attack of 4O. The calculated span load dis- 
tr ibutions f o r  the plain wing and f o r  the wing-store  cambination are 
included. Span Loading was calculated by the method of reference 5. 
The calculated and experimental  increments in  span load due t o  the t i p  
store are i n  good agreement. The loading over the t ip   s to re  a l s o  calcu- 
lated by this method is in good agreement with the measured store load. 
The experimental  distribution  over the store was obtained by dist r ibut ing 
a measured store to" mrmal force  according t o  the theore t ica l   d i s t r i -  
bution. It is of interest t o  note that, of the total   addi t ional  loadlng 
over  the wing and the t ip   s tore ,  about 4-0 percent is carried  directly on 
the store.  

Inasmuch as the addi t ional   t ip  loading due to   t he  store is propor- 
t i o n a l t o  angle of attack, it i s  evidenced in the aerodynamic pitching 
moment by a change in stabiuty. Beyond the effect  on s t ab i l i t y  at the 
lower angles of attack, the t i p   s t o r e  has 110 major e f fec t  an the varia- 
t ions in s t a t i c  aerodynamic pitching moment. Therefore, the distr ibut ion 
of section load at the higher angles of attack would be expected t o  be 
sfmil8,r as they are shown t o  be at an angle of attack of Eo. 

A t  supersonic  speeds, information i s  available on the effect  of 
stores on the lateral center of pressure. The reeults were obtained on 
a mall-size semispan model with a 45O sweptback wing at Mach runnbers 
of 1.4, 1.6, esd 2.0. The results are shown in figure 7 i n  terms of 
the incremental change i n  location of the lateral center of pressure 
due t o  the store. The nose sections shown i n  this figure represent  the 
locations of the stores in both the chordwise asld spawise directions. 
The lateral centers of pressure w e r e  obtained  over the angle-of-attack 
range (a = 00 t o  80) where the wing-root  bending moment varied linearly 
with l i f t  coefficient and c m  be considered to  represent  conditions dis- 
cussed previously a t  subsonic speeds for the low angle of attack. 

The tip-mounted store results in a measurable  outboard movement in 
the lateral center of pressure that i s  equivalent t o  an addi t ional   t ip  
load; however, there is l i t t l e  change i n  the lateral center of pressure 
f o r  inboard stores. The dashed fairing approaching the wing t i p  indi- 
cates a region of uncertainty as t o  the change in lateral center of 
pressure due to   s tores  i n  these  locations. The croes-hatched  region 
represents the ent i re  change in  the incremental lateral center of pres- 
sure due both to Mach number and store chordwise position. Thus, in a 

. 



qualitative Bense external stores show characteristics at supersonic 
speeds similar t o  those at subsonic speeds. Unpublished results also 
indicate that the same type of changes in lateral center of pressure 
due t o  stores was obtained on an uswept KLng at  supersonic speeds. 

Sto re  Loads 

Several  investigations, the results of which are unpublished, have 
been made t o  evaluate the second part of the 10- of external-store 
installation&, that is, direct  store loading. Qae such investigation 
was made on a North American F-86A-1 airplane with 245-e;allon auxiliary 
fuel tanks equipped KLth small  horizontal fins. The instal la t ion on the 
airplane is sham in figure 8. N o r m a l  and side forces on one of the 
t a n k s  were obtained by pressure ~laeasuren~nt. The pressure orif ices  were 
located i n  meridian planes a h n g  the tank length. 

The variations of normal and side forces on the tank with airplane 
l i f t  coefficient e r e  shown in f igme 9. Keeping in mind that a full 
245-gallon tank ha6 a fuel load of about 1,500 pounds, it is apparent 
that the normal f orces attained, designated by ITs, are m a U  
i n  ccrnparilson t o  the fuel load and are In a direction t o  camgeneate f o r  
it. H i g h e r  normal forces muld of course be shown at altitudes below 
the 30,000-foot level of these tests, but even at sea level *re the 
forces may be as much as three times as large, they st i l l  be CM- 
siderably Less than the fuel load. 

c 

Side  forces,  designated by Ys, however, reach levels at the higher 
Mach nwibers that are considerably above the normal-force loads. Such 
characteristics are fndeed interesting since it muld not be expected 
that loads as large as these would be encountered in fUght where there 
was no intentional  sideslip. The side forces are hportarrt because they 
indicate that  the largest loads may occur in the plane of least structural 
strength of the installation. For t h i s  reason, another f a c t o r  arising 
frm performance requirements mey introduce design problems i n  the lateral 
plane of pylons. For  performance reasons at hfgh speeds, it is reccm- 
mended that the pylons supporting external tanks be kept thin, perhaps 
as much as several. percent thinner than wings,  and free of external 
bracing. Such a cr i ter ion may became difficult t o  follow with lateral 
loads  of the size suggested by these and other results t0 be presented 
subsequently. 

Systematic w3.nd-tunnel imstigatim of direct  store loads are 
also being made. Models on which ~ a ~ n e  results have been obtained are 
shown in figure 10. The wing-fuselage models employed a stra ight  and a 

w e r e  investigated. One store i n  each arrangement was equfpped with an 
- sweptback wing. On each model, inboard and wing-tip s tore  arrangements 



internal.  strain-gage  balance that measured the store  forces and maments. 
Results of the tunnel i n v e s t i g a t i m  at zero yaw ere shown at a subsonic 
Mach number of 0 . 9 .  The store force  coefficients ere based on the s t o r e  
maximum f rontal  area, whereas m n t  coefficients are based upon store 
maximum frontal area and length. Sane of the results presented herein 
have been taken f ram results presented in reference 4. 

- * . .  I .  

Store yawing-moment coefficient,&signeted by I Cys, \ a n d  store 
side-force  coefficient,  designated ( C& are presenkW--trk figure U. The 
positive Hrectione of ELL store LO& c6efficients are the same as t b s e  
employed in aerodynamic practice by the- R a t i o n a l  Advisory Camnittee f o r  
Aeronautfcs. These results indicate that the large lateral loading of 
the inboard  store is primarily a result of wing sweep since  both the 
store yawing-mment coefficients and side-force  coefficients are con- 
siderably less f o r  the inboard stores on the straight-wlng model than 
f o r  the swept-ving -1. The side-force  coefficient at an angle of 
attack of loo would be equivalent on a fighter airplane a t  sea level  in 
unyawed flight t o  a load of about 1, OOO pounds. Although the data  are 
extremely limited, there is evidence that the lateral loading of t i p  
stores may also became large enough t o  be considered. 

The store normal-force coefficients,  presented in figure 12, indi- 
cate that the level of loading for i n b o d  arrangements Including the 
effect of sweeping a wing from 3.6' to 46.70 is low. The order of magni- 
tude of the tunnel result is ,  in fact, about the same 8,s that predicted 
by viscous theom f o r  &11 fsOh*d external  Store and sham by the dashed 
curve i n  the left-hand plot of this figure. 

Samewhat higher normal-force coef'f ic ients  are sham fo r   t he   t i p  
arraugements probably because of the pressure field around the wing  t i p .  
The rapid increaee in up load with angle of attack of the t i p  store may 
not result in loads large enough t o  produce structural  overload  since 
the  coefficients shown here suggest normal loads of the sane order of 
magnitude as those produced by fuel loads f o r  such a store used &8 a 
tank. The moment loads due t o  these normal forces may on the other hand 
become critical.  Calculations made by the method of reference 5 f o r  
the swept configuration are shown as a dashed curv-e in W s  figure. 
These results indicate that  the method of reference 5 estlmatee Well the 
slope of the normal-force coefficients of the  t ip  etore.  

The pitching-moment coefficients of the *-tip store are sham 
in figure 13 i n  the plot on the right. The p i tch ing-mnt  coefficients 
are presented about an axis on the tank that coincides with the approxi- 
mate location of the torsional a x i s  of airplane wings. The pitching- 
moment coefficients aP t he   t i p  store increase  rapidly with angle of 
attack as did the nonaal-force  coefficients. In effect  these I X S L d . t B  
show that, if an airplane equipped with t ip   s tores  elcecutes a pull-up 

. 
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t o  high m g k s  of attack at  low altitude, the  store pitching load that 
must be absorbed by the wing panel is proportional  to angle of attack 

demclnstrated that, on several  straight-wing  airplanes in  which wing 
failure  occurred during such a maneuver, wing t o r s i a n a l  effects  comhg 

.1 f r m  tip-store loaddngs such as these are large enough to   cont r ibu te   to  
the wing failure. Since the aerodynamic store loading i~ upward, these 
conditions are of course more c r i t i c a l  for stores  without  Fnternal Load. 
The calculated curve, also obtained by the method of reference 5 ,  indi- 
cates that this method again estimates, at least for this Fnstallation, 
the slope of the pitchfng-mnmed curve. It i s  not yet clear whether as 
good prediction of the pit- loads by this method of calculation  can 
be expected  with other gemetr ical ly  different tip-store arrangements. 

- and may result in significant w-hg torsional loads. Ekperience has 

The pitching-mament coefficients of inboard stores shown in the 
plot on the left are seen t o  be as correspondhgly low &B the normal- 
force coeff icFente of this arrangement. They are less even than predicted 
by viscous  theory (shown by the dashed curve) f o r  an isolated  external 
store. 

Since fins are commonly used on external stores, it is  of interest 
t o  examine sane rea~l ts  (fig. 1-4) that show the effects  of one arrange- 
ment of f Ins on store nuanent coefficients. The f were located at 45O 
from the horizautal and the vertical and were of a size and shape similar 
t o  those &r cansideratinn f o r  use on one type of external store. The 
fins were kge emugh t o  more thm neutralFze the pitching-moment coef- . f ic ients  of the store alone. The results show that the fins reduced the 
p i t c h i w - m n t  load but the Y E W l i p g - m t  load O11 the t i p  
s tore ,  but they increased the pitchhg-moment load and decreased the 
yawlng-mnt load on the inboard store. The arrangement of f ins tested 
is  the type found an bonibs and  is not i n t m d   t o  represent fins selected 
t o  neutralize any particular c-t of store loads. Fins such as 
these, however, if emgloyed on either arrangement of external stores, 
may be eqected  to   increase at Leaat one c m  aP store load. 

L 

In conclusion, the results presented  indicate that the effects  of 
stores  on wing load distribution at s~&sonic  speeds may be predicted by 
available methods at the lower angles of attack xhere wing f l o w  s e p m -  
t ion is negligible. A t  the higher angles of attack where wing flow 
separation exists, a store located inboard on a swept wing may have much 
the same effect  as various devices desie~led t o  &ley wing pitch-up by 
reducing the loss in load at the w i n g  t i p  due t o  f b w  separation. In 
the -le-&-attack range where pitch-up develops, the chardvise - 



distribution of load is Largely unpredictable. Furthermore, the results 
indicate that the normal force and pitching mament of a store located  at  
the w i n g  t i p  can be calculated  quite well by available methods. On the 
other hand, no theoretical procedure is available  to  calculate the severe 
la teral   forces  and maments encountered at zero  sideslip on an inboard 
arrangement of stores on a swept wing. 

Langley Aermut ica l  Laboratory, 
National Advisory Conunittee f o r  Aeronautics, 

Langley Field, Va. 
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