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II\NESTIGATION OF EJECTION RELi3ASE CHARACTERISTICS OF 

FOUR DYNAMICALLY SCUD INTERNAL-STORE SHAPES FROM 

A 1 / 1 7 - ~ ~ U  SIMULATED BOMB BAY OF THE REPUBLIC 

By John B. Lee 

A n  investigation has been conducted i n  the 27- by 27-inch pref l ight  
je t  of the Langley Pi lot less  Aircraft  Research Station a t  Wallops Island, 
Va., of the release character is t ics  of dynamically scaled s tores  carried 
internal ly  i n  a simulated bomb bay a t  Mach numbers Mo of 1.39 and 1-98, 
A 1/17-scale model of the Republic F-105 half-fuselage and bomb-bay con- 
figuration was used with four s tore  shapes. The s tore  shapes were the 
modified Mk-'7 store,  the bluff store,  the TX-28 store,  and the turnabout 
TX-28 store.  Simulated a l t i tudes  were 3e400 f e e t  a t  Mo = 1.39 and 
29,000 fee t  a t  M . ~  = 1.98. 

Successful ejections were made with the modified Mk-7 s tore  a t  super- 
sonic speeds a t  near sea-level conditions by the use of high eject ion veloc- 
i t i e s ,  by eject ing the s tore  a t  a negative incidence angle, or by extending 
the release point of the store.  Poor release character is t ics  were obtained 
a t  a posit ive fuselage angle of attack for  the Mk-7 s tore .  The bluff s tore  
was successfully released a t  supersonic speeds a t  low and high a l t i tudes  
and a t  a posit ive fuselage angle of attack. Small changes i n  p i tch  osci l -  
la t ions and ejection velocities have a large influence on the Mk-7 store  
trajectory, whereas the changes i n  the bluff-store t ra jec tory  are small 
with large changes in pi tch osci l la t ions and ejection veloci t ies ,  The 
TX-28 store was unstable with the f i n  configuration of the present report. 
Excellent release characteristics were obtained with the turnabout 
TX-28 s tore  a t  supersonic speeds and near sea-level conditions. 
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INTRODUCTION 

v 
This investigation was made by using 1117-scale models i n  the 

preflight j e t  of the Langley Pi lot less  Aircraft  Research Stat ion a t  
Wallops Island, Va. The dynamically scaled s tores  simulated a l t i tudes  
of 3,400 fee t  a t  a Mach number of 1.39 and 29,000 fee t  a t  a Mach number 
of 1.98 a t  Reynolds numbers of 8.87 x 106 and 14.63 x 106 per foot, respec- 
t ive ly .  The investigation was of an exploratory nature t o  determine which 
modifications were necessary t o  obtain successful releases with the 
Mk-7 s tore  and t o  determine if additional s tore  shapes could be success- 
f u l l y  used i n  the present Republic F-105 designed bomb bay with perhaps 
only small modifications i n  the s tore  shapes. 

An investigation of the release character is t ics  of the Mk-7 s tore ,  
with a high-aspect-ratio, sweptback, three-fin configuration, from a 
simulated bomb bay of the F-105 has been reported i n  reference 1. Suc- 
cessful releases a t  a Mach number Mo of 1.4 simulating near sea-level 
conditions could not be made without modifications of the s tore  f in s .  
For the present investigation of the Mk-7 store,  several modifications 
were made i n  the or iginal  s tore  as suggested by the National Advisory 
Committee for  Aeronautics and Republic Aviation Corporation. The f i n s  

I were made stronger by doubling t h e i r  thickness. Some t e s t s  were made 
with dorsal-type f ins  and also f i n s  with a 33-percent increase i n  f i n  
area. The t a i l  cone of the store was removed for  some t e s t s .  Tests 
were made with ejection veloci t ies  of 30 and 45 fee t  per second a t  
Mo = 1.39 simulating a 3,400-foot a l t i tude.  

An investigation was made of a Wright A i r  Development Center (WADC) 
bluff store with a r a t i o  of length t o  diameter 2/d of 2.58 a t  Mo = 1.39 
and & = 1.98 simulating 3,400 and 29,000 fee t ,  respectively. This 
s tore  was investigated as a poss ib i l i ty  of a smaller s tore  package with 
a high drag and a relat ively low l i f t -curve slope; both of these factors  
tend t o  produce small changes i n  s tore  t ra jec tor ies  with large pi tch 
osci l la t ions.  Some t e s t s  of similar shapes have been reported i n  re fer -  
ence 2, 

Shape TX-28 with 2/d = 8.5, similar t o  the store shape reported i n  
reference 3 but with a lower aspect ra t io ,  three-fin configuration, was 
a l so  tested,  

A turnabout Tx-28 s tore  with 2/d = 4.48, a blunt ogive nose, and 
a low-aspect-ratio wedge-type f i n  was also tested.  This s tore  was re la -  
t i ve ly  compact, with higher drag and increased s t a b i l i t y  over the stream- 
l ined s tore .  

The method of dynamic simulation used has been discussed in refer-  
ences 1, 3, and 4. Trajectories obtained by using s tat ic-force t e s t  
resu l t s  are compared with those obtained in  dynamic model t e s t s  i n  r e f -  
erence 5 .  

CONTIDErnIAL 
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diameter, in. 

simulated al t i tude,  f t  

s tore  incidence angle a t  s t a r t  of ejection stroke, deg 

moment of ine r t i a  of s tore  i n  pi tch plane, lb- ina2  

s tore  length, in.  

character is t ic  length, in .  

mass 

free-stream Mach number 

free-stream dynamic pressure, lb/sq f t  

free-stream s t a t i c  pressure, l b / s q  f t  

time, milliseconds 

s tore  weight, l b  

horizontal distance in  terms of s tore  diameter from store- 
release point 

ve r t i ca l  distance i n  terms of s tore  diameter from store-release 
point 

store-e jection velocity, f t / sec  

a i r  density, slugs/cu f t  

s tore  density, slugs/cu f t  

angle of attack of airplane fuselage, deg 

s tore  pi tch angle i n  reference t o  undisturbed free-stream 
direction, deg 
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Subscripts: 

m model 

P prototype 

NODELS AND APPARATUS 

Stores 

The basic s tore  body configurations are shown i n  figure 1, and the 
s tore  ordinates are shown i n  table  I. 

A s  previously shown i n  reference 1, the f i n s  fo r  the Mk-7' s tore  
models were too f lexible* For t h i s  investigation the f i n s  were made of 
magnesium and the thickness of the f i n  was doubled fo r  the near sea-level 
ejections ( f i g ,  2 (a ) ) ,  This f i n  i s  referred t o  as the standard f i n  for  
the present investigation. For the ful l -scale  model the resul t ing weight 
increase due t o  the heavier f ins  caused a rearward s h i f t  of the s tore  
center of gravity. The t a i l  cone of the s tore  was removed a t  s t a t ion  8.647 
( s t a t ion  147 fu l l  scale) t o  move the center of gravity forward. Fig- 
ure 2(b) shows the dorsal-type f i n  and figure 2(c) shows a f i n  with a 
33-percent increase in f i n  area used on'the modified Mk-7 s tore .  

The bluff s tore  ( f i g .  l ( b ) )  had the same store  diameter as the 
Mk-7 s tore  and had a fineness r a t i o  of 2.58. The bluff s tore  i s  of 
in te res t  because the l i f t  and drag are re la t ive ly  insensit ive t o  changes 
i n  angle of attack. Unpublished s t a t i c  data by the Wright Air Development 
Center show tha t  CD = 1.5 a t  Qs = o0 and 1.8 a t  Qs = 1 6 O  and tha t  

CL = 0.29 a t  Qs = 16' a t  a Mach number of 1.5. These coefficients 

are based on body f ronta l  area. 

The TX-28 s tore  was a store of snlaller diameter with a fineness 
r a t i o  of 8.5 ( f ig .  l ( c ) )  . The f i n  used fo r  the TX-28 s tore  i s  shown i n  
figure 3. This low-aspect-ratio three-fin configuration was used i n  an 
attempt t o  obtain a f i n  t h a t  could be stored in the present bomb-bay 
configuration without having t o  fo ld  the f ins ,  Successful s tore  ejec- 
t ions of a similar s tore  shape with higher aspect-ratio f i n s  have been 
reported i n  reference 3. 

The turnabout TX-28 s tore  shape shown in figure l ( d )  had the same 
store  diameter as the TX-28 but a fineness r a t i o  of 4.48. The nose of 
the s tore  had an ogive and was blunted. The s tore  had a low-aspect- 
ra t io ,  wedge-type, four-fin configuration. The f i n  configuration and 
dimensions m e  shown i n  figure 4, Figure 5 shows photographs of the  
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8%-7 store  with the different  f i n  configurations tested. Figures 6, 7, 
and 8 are  photographs of the bluff store,  the TX-28 store,  and the turn- 
about TX-28 store,  respectively. 

I n  order t o  scale properly the  weights and iner t ias  t o  simulate a 
i 3,400-foot a l t i tude,  the Mk-'7 and TX-28 s tore  bodies were made of balsa 

with s t e e l  cores and the f i n s  were made of magnesium. The bluff s tore  
also had a balsa body and a s t e e l  core. For the turnabout TX-28, the  
nose and t a i l  f i n s  were made of titanium, and the body, of balsa with a 
tungsten core. In order t o  simulate 29,000 f e e t  with the bluff s tore ,  
the body was made of magnesium and the core of tungsten. 

The s tore  weights and ine r t i a s  were simulated within %5 percent. 

Fuselage and Bomb Bay 

The 1/17-scale model of the Republic F-105 fuselage and bomb bay 
used for  these t e s t s  has been described previously i n  reference 1. 

Ejection Cylinder 

Store eject ion was accomplished through the use of an eject ion 
cylinder. Ejection cylinder 1 as described in reference 1 was used fo r  
some of the t e s t s .  Some of the t e s t s  were a l so  performed with a modified 
eject ion cylinder, or cylinder 2 as  shown i n  figure 9. This cylinder had 
the same stroke length of 1-76 inches as cylinder 1. The eject ion rod 
was made larger  and stronger, and by placing the locking ba l l s  up in the 
cylinder, springs could be attached t o  bottom of the eject ion rod. By 
modifying the head of the s tore  release pin t o  a hemisphere, the springs 
would lock around the pinhead when the cylinder was i n  a locked position. 
The sway brace could be removed and the model would be f ree  t o  p i tch  and 
yaw during i ts  ejection stroke. This type of ejection i s  referred t o  as 
an unguided stroke, and when the sway brace was used, as a guided stroke. 
The length of the ejection stroke was changed by interchanging the caps, 
with different  rod lengths, a t  the top of the eject ion rod. The rod- 
assembly release pin f i t t e d  into the recess i n  the rod cap and t h i s  pin 
was actuated by the solenoid valve. Near the bottom of the eject ion 
stroke (f ig .  g(b) ) , the locking ba l l s  released the rod assembly and the 
inner rod w a s  allowed t o  t r ave l  f a r  enough t o  allow the springs t o  release 
the s tore  pin. 

The sway braces were interchangeable fo r  the different  s tores  tes ted.  
For the unguided stroke an adapter without a sway brace 8(b) ( f ig ,  g ( a ) )  
was used. 

CONFIDENTIAL 
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Preflight Je t  

A l l  t e s t s  were made i n  the 27- by 27-inch pref l ight  j e t  of the 
Langley Pi lo t less  Aircraft Research Station a t  Wallops Island, Va. 
( r e f ,  6), i n  which the stagnation pressures and temperatures could be 
varied. The Mach number of the t e s t  was changed by use of interchange- 
able nozzle blocks. The t e s t  setup has been shown i n  reference 1. 

Test Methods 

A description of the store eject ion and the photography technique 
used has been given i n  references 1, 2, and 3. 

Successful releases were made with the Mk-7 s tore  a t  Mo = 1.98, 
simulating a 29,000-foot a l t i tude  as reported i n  reference 1. A l l  t e s t s  
i n  the present investigation of the  Mk-7 s tore  were made a t  Mo = 1.39, 
simulating a 3,400-foot a l t i tude,  and with a f u l l  guided stroke. Some 
t e s t  resu l t s  from reference 1 have been repeated where it was deemed 
necessary for  comparisons. The s tore  was ejected a t  30 and 45 f e e t  per 
second with s tore  incidence angles of io = o0 and -kO. Ejections were 
also made a t  fuselage angles of a t tack of o0 and 3O. The fuselage angle 
of attack was o0 for  a l l  t e s t s  unless otherwise noted. 

The bluff-store shape was tested a t  Iv&, = 1.59 and 1.98, simulating 
3,400 fee t  an4 29,000 feet ,  respectively. The s tore  was ejected over a 
range of ejection veloci t ies  io from 12.5 t o  34.5 f ee t  per second. 
Ejections were made with guided and unguided strokes and fo r  stroke 
r a t ios  of 50 percent, 75 percent, and 100 percent of the f u l l  stroke 
length. The store position a t  the s t a r t  of the stroke was the same in 
a l l  cases, but the release point changed with the stroke r a t io .  For both 
the Mk-7 s tore  and the bluff store,  the ejection force was through the 
center-of-gravity point of the store.  

Ejections of the TX-28 s tore  were made a t  Mo = 1.39, simulating 
3?400 feet ,  with q = oO, io = -hO, and a t  ejection veloci t ies  of 34 
and 46 fee t  per second with a f u l l  guided stroke- The point of the ejec- 
t i on  force was 6-5  percent of the s tore  length ahead of the center-of- 
gravity point ( f ig .  l( c) ) . 

The turnabout TX-28 was tested a t  Iv&, = 1-39, simulating 39400 fee t  

a t  af = oO, i0 = 30 fee t  per second, and a t  s tore  incidence angles of o0 
and -4' with a f u l l  guided stroke. The point of the eject ion force was 
3-25 percent of the store length ahead of the center-of-gravity point 
(figs l ( d ) )  

CONFIDENTIAL 
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RESULTS AND DISCUSSION 

Ejection Photographs 

Table I1 l i s t s  the t e s t s  and the pertinent data of each t e s t .  Fig- 
ure 10 presents Strobolight pictures of ejections reported previously 
i n  reference 1 for  comparisons with t e s t s  of the present investigation. 
Figure 11 presents resu l t s  for  the modified Mk-7 store  with the t a i l  
cone removed and 0.10-inch-thick magnesium f ins .  Ejections of the bluff 
s tore  are shown i n  figures 12 and 13 a t  Mo = 1-59 and 1.98, respectively, 
Figures 14 and 15 are  ejection photographs of the TX-28 and the turnabout 
TX-28, respectively, a t  Mo = 1.39, simulating a 3,400-foot a l t i tude .  

Data Plots 

Figures 16 t o  22 are data plots  of the ejected stores.  The pi tch 
angle Bs is plotted against time i n  milliseconds. The t ra jec tory  of 
the s tores  center-of-gravity point i s  plotted i n  terms of the s tore  diam- 
e te r .  The point of release of the s tore  i s  zero time. The data symbols 
close t o  impact are darkened i f  the s tore  s t r ikes  the bomb bay or fuselage. 

Mk-7 ,Store Ejections 

A comparison of the ejection release character is t ics  of the modified 
store with the or iginal  s tore  (previously reported i n  r e f ,  1) using 
ejector  1 a t  io = 30 fee t  per second i s  shown i n  figure 16(a) .  The 
release point of the store was extended by z/d = 0.418, the advantage 
of which has been shown also i n  reference 1, The modified s tore  ( t e s t  4) ,  
pitched t o  only Bs = 12O, stabilized, and did not obtain enough l i f t  t o  
s t r ike  the fuselage as was the case with the or iginal  s tore  ( t e s t  3 ) .  
The difference i n  s tore  pi tch angle a t  release i s  probably due t o  increased 
f l e x i b i l i t y  i n  the ejection rod a f t e r  repeated use. A n  eject ion of the 
or ig ina l  s tore  with the modified ejector  (ejector  2) was not made, so 
a comparison of ejectors cannot be made. The change i n  flow f i e l d  due 
t o  change i n  ejectors  i s  probably very small. A n  advantage of e jector  2 
was tha t  the s tore  was released within 2 . f ~ ~  of the preset incidence angle, 
whereas for  e jector  1 the s tore  angle changed as much as 6' from the  pre- 
se t  incidence angle. 

Figure 16(b) shows the advantage of s t i f l e r  f in s  ( t e s t  2) and s t i f f e r  
f i n s  with the t a i l  cone removed ( t e s t  5 ) .  The release of the modified 
store,  although greatly improved, was not sat isfactory a t  io = 30 f e e t  
per second, q = oo9 and io = 0' from the normal release point. 

CONFIDENTIAL 
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The store-ejection velocity was increased t o  45 f ee t  per second i n  
t e s t  6 ( f i g .  1 6 ( ~ ) ) ,  and a favorable release was obtained -5 th  a maximum 
8, = 12'. 

d 
The s tore  incidence angle was changed t o  io = -4' ( f ig .  16(b)) and 

a favorable release was obtained a t  io = 3 fee t  per second. The ver t i -  

c a l  velocity of the s tore  became zero in 1.5 s tore  diameters from the 
fuselage and the s tore  proceeded t o  f l y  level .  Increasing the ejection 
velocity t o  45 f e e t  per second allowed the s tore  t o  continue i t s  down- 
ward ejection velocity. The s tore  was ejected a t  30 and 45 f e e t  per sec- 
ond with i ts  f i n s  folded ( f ig .  16(d) ) .  It appears from the s tore  osc i l la -  
t i o n  curves ( f ig .  16(d)) t ha t  the s tore  f i n s  should be opened i n  l e s s  
than 4 milliseconds (model scale time) for  the s tore  t o  follow approxi- 
mately the same pi tch t ra jec tory  as with the fins-open drops. I f  the 
f i n s  are not opened, the s tore  w i l l  s t r ike  the bomb bay even with the 
high eject ion veloci t ies .  

A comparison of f i n  modifications i s  shown i n  figure 16(e) for  
C L ~  = 0' and io = -4'. Adding dorsal f in s  t o  the standard f i n  or 
increasing the f i n  area showed l i t t l e  or no improvement i n  ejection 
character is t ics .  

Increasing the fuselage angle of attack t o  3 O  ( t e s t  15, f ig .  1 6 ( f ) )  
caused poorer release character is t icse The fuselage angle of a t tack had 
a greater e f fec t  on the s tore  p i tch  osci l la t ions than a change i n  the 
s tore  incidence angle, Higher i n i t i a l  p i tch  angles were reached a t  
c q =  3 O  and i o=  -4' t h a n a t  cq= o0 and i o = o O .  

Because of the high l i f t  forces obtained by the store,  i t s  t ra jectory 
varies  great ly  with changes i n  pi tch angle and ejection ve loc i t ies .  

Bluff Stores 

Successful ejections were made of the bluff s tore  as can be seen 
from the Strobolight pictures of the drops ( f ig .  12, t e s t s  16 and 27). 

Figures 17(a) and (b)  show tha t  successful ejections were made a t  
both fuselage angles of attack of o0 and 3 O  a t  Mo = 1.39 a t  near sea- 

l eve l  conditions and a t  Mo = 1.98 a t  29,000 fee t .  Although the 
Mk-7 s tore  had a nose-up tendency a t  release,  the bluff s tore  had a nose- 
down pitching motion a t  release, probably a r e su l t  of i t s  f l a t  or bluff 
nose* Even ~ 5 t h  a change i n  6omb-bay angle of attack and changes i n  the 
s tores  pi tch amplitudes, the s tore  t ra jec tory  was almost ident ical .  
This insens i t iv i ty  of the t ra jec tory  t o  pi tch amplitude i s  due t o  the 
f a c t  t ha t  the l i f t  and drag are  re la t ive ly  unaffected by s tore  angle of 
a t tack as noted previously in the " ~ o d e l  and ~ ~ ~ a r a t u s "  section, 
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From the s tore  pitch-time curve it can be seen tha t  the s tore  pi tch 
eelbee: amplitude increases with time. This i s  probably due t o  the t rajectory * e 

earage 
of the s tore  through the disturbed flow f i e l d  and the poor damping char- 

" m@@ (9 * ac te r i s t i c s  of the s tore .  
9 0  Be 
P . 9  (9 

8 8 I n  figure 28 the e jection velocity of the store was increased from 
24.5 t o  34.5 f ee t  per second. By increasing the ejection velocity, the 
i n i t i a l  portion of the pi tch t ra jec tory  was improved but then the s tore  
pitched t o  high pi tch angles. I n  reference 2 it was shown tha t  the store 
t ra jec tory  through a disturbed flow f i e l d  influenced the pi tch t rajectory,  
and tha t  the ejection velocity could be changed t o  obtain the best pi tch 
t rajectory.  

Tests were made fo r  ejection releases fo r  unguided strokes i n  which 
the sway brace was eliminated and the store was free t o  pi tch during i t s  
eject ion stroke. Figure 19 shows t h a t  higher maximum pi tch amplitudes 
were obtained for  the guided f u l l  stroke than with the unguided f u l l  
stroke. The guided stroke for  both a l t i tudes  and Mach numbers was 
decreased t o  0.75 and the maximum pi tch osci l la t ions were decreased. 
For the three-quarter stroke, the sway brace and rod were not projecting 
in to  the airstream. It i s  thus apparent tha t  the rod and sway brace pro- 
jecting into the airstream had a large ef fec t  on the high pi tch osci l -  
la t ions  of the s tores ,  

Several attempts were made a t  Mo = 1.39 and hp = 3,400 f e e t  and 

a t  Mo = 1.98 and hp = 2gJOO0 fee t  t o  e j ec t  the s tore  a t  io = l2.3 f ee t  
per second with a f u l l  guided stroke. The s tore  remained on the sway 
brace u n t i l  the tunnel dynamic pressure was reduced for  a l l  t e s t s  except 
t e s t  21, fo r  which small pi tch osci l la t ions were obtained ( f ig .  12) . How- 
ever, for  a one-half guided stroke, high pi tch osci l la t ions were obtained 
f o r  both Mach numbers and a l t i tudes ,  It is thus important t o  f ind  the 
best combination of ejection veloci t ies ,  stroke lengths, and type of 
stroke, guided or unguided, t o  obtain the most favorable p i tch  t rajectory.  

Shape TX-28 

Tests were made of shape TX-28 a t  Mo = 1.39 and hp = 3,400 fee t  

( f i g .  14) .  The s tore  was ejected a t  io = -4O with the push point ahead 
of the center-of-gravity s ta t ion.  The s tore  was ejected a t  34 and 46 f e e t  
per second but, i n  each case, the s tore  pitched t o  a high posit ive angle 
of attack and became unstable ( f ig .  21). In reference 2, larger f i n s  
were used and the s tore  remained stable.  The f i n  s ize for  the present 
investigation was limited by the bomb-bay s ize .  
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Turnabout TX-28 

The turnabout TX-28 s tore  was ejected a t  io = 27.5 f ee t  per second 
and a t  C L ~  = 0' and io = o0 and -4O ( f i g  5 )  Excellent release char- 
ac t e r i s t i c s  were obtained. The s tore  pitched t o  a maximum angle of 5' 
and s tabi l ized.  When the s tore  was ejected a t  a negative incidence angle, 
it pitched t o  a posit ive angle of attack of 4' and followed a similar 
p i tch  t ra jec tory  as the o0 incidence release ( f ig .  22). A similar r e su l t  
was shown in reference 2 i n  which a fuselage and wing combination was 
used. 

As a r e su l t  of the investigation of s tore  ejections from the simulated 
bomb bay of the Republic F-105 airplane a t  Mach numbers of 1.39 and 1.98, 
the  following conclusions are indicated: 

1. Successful ejections of the modified I&-7 store can be made a t  
near sea-level conditions by the use of high ejection veloci t ies ,  by 
eject ing the  s tore  a t  a negative incidence angle, or by extending the 
release point of the s tore ,  

2. The use of dorsal-type f ins  or increasing the f i n  area showed 
l i t t l e  or no improvement i n  the release character is t ics  of the modified 
Mk-7 s tore  having standard f ins ,  

3. A posit ive fuselage angle of attack caused poor release charac- 
t e r i s t i c s  of the modified Mk-7' s tore ,  

4. The f i n s  should be opened i n  4 milliseconds (0,068 second f u l l  
scale)  a f t e r  release t o  s t ab i l i ze  the Mk-7 store.  

5 .  Successful releases can be made with the bluff s tore  a t  low 
a l t i tudes  and low Mach numbers and a t  high a l t i tudes  and high Mach num- 
bers a t  a posit ive fuselage angle of attack. 

6. Release character is t ics  of the bluff s tore  were improved by 
decreasing the ejection stroke so tha t  the sway brace did not project 
i n to  the airstream, or by the use of an unguided stroke i n  which the 
sway brace was eliminated. 

7 .  For the bluff s tore ,  decreasing the length of the eject ion stroke 
and reducing the ejection velocity caused high pi tch osci l la t ions,  but 
the  airplane was not endangered. 
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8. Small changes i n  pi tch osci l la t ions and ejection veloci t ies  have 
a laxge influence on the Mk-7 store  t ra jectory,  whereas even large changes 
i n  pi tch osci l la t ions and eject ion veloci t ies  have l i t t l e  e f fec t  on the 
t ra jec tory  of the bluff store.  

9. The TX-28 s tore  was unstable i n  the v ic in i ty  of the bomb bay with 
the present fin configuration. 

10. Excellent release character is t ics  were obtained with the turn- 
about TX-28 s tore .  

Langley Aeronautical Laboratory, 
National Advisory Committee fo r  Aeronautics, 

Langley Field, Va., September 11, 1956. 

John B. Lee 
Aeronautical Research Scient is t  

Approved : 
seph A. Shortal 

Chi s Aircraft  Res.earch Division 

CONFIDENTIAL 
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TABLE 1.- STORE ORDmATES 

dimensions are i n  inches I 

L.E. radius, 0.248 
T,E,  radius, 0.108 

CONFIDENTIAL 



TAEiLE 11.- TEST SEQUENCE 

Remarks 

Repeat of t e s t  8 

Full guided stroke 
Full guided stroke - 
Full guided stroke 
Three-quarter guided stroke 
Ful l  unguided stroke 
Nl guided stroke 
One-half guided stroke 

Full guided stroke 
F u l l  guided stroke 
Three-quarter guided stroke 
Ful l  unguided stroke 
One-half guided stroke 

Unstable i n  vicinity of bomb bay 
Unstable i n  vicinity of bomb bay 
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(a) Nodified Mk-7 store; 2/d = 6.00. 

I 

o 2 .070 3.6ko d 6 2 0  

(b)  Bluff store; 2/d = 2,58. 

I 

3 .i65 I 
0 10 .ooo 

(c)  TX-28 store; 2/d = 8.5. 

Nose 

(d) Turnabout TX-28; l /d  = 4.48. 

Figure 1. - l/l7-scale models of Republic F-105 stores. All  dimensions 
m e  in inches. 



- 
View C-c 

/ 

Sta. 7.235 Fin geometry same as 
standard fin except as 
shown. 

View B-B 

(a) Standard fin, (b) Dorsal fin. (c) 33-percent increase in fin area. 

Figure 2.- Mk-7 store fin configurations and dimensions. All dimensions are in inches (model 
scale). 
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Figure 3 , -  TX-28 store fin configuration and dimensions. All dimensions 
are in inches (model scale). 

Figure 4. - Turnabout TX-28 store fin configuration and dimensions. All 
dimensions are in inches (model scale) 



(a )  Standard f i n s  closed. ( b )  Standard f ins .  
0 

8 

L-95853 
(c )  Dorsal f in s ,  (d) 33-percent increase i n  f i n  area. 

Figure 5. - Photographs of 1117-scale Mk-7 s tore  with different  f i n  configurations . 



Figure 6. - Photograph of 1/17-scale bluff  s tore .  L-95850 

Figure 7. - Photograph of 1117-scale TX-28 s tore .  L-95851 

Figure 8. - Photograph of 1/17-scale turnabout TX-28 s tore .  L-95852 
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L-91890.1 
(a) Exploded view of ejection cylinder 2 with (b) E jection-rod assembly. 

sway braces. 

Figure 9.- Ejection cylinder 2. 
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(a)  Test 1; magnesium f i n s ,  

. -- 

( b )  Test 2; aluminum f ins .  

L-95854 
( c )  Test 3; magnesium fins,  with release point extended x/d = 0.418. 

Figure 10.- Originall&-7 s tore  e j ec t ions ' a t  Mo = 1.40, hp = 39400 feet ,  

io = 30 fee t  per second, cy. = oO, and io = o0 with Oe05-inch-thick 

f ins  and ejector 1 ( re f .  1). 



e 
c r o  

e 

(a) Test 4; standard fins; io = 30.0 feet per second; io = 0'; release 

point extended z/d = 0.418. 

L-95855 
(b) Test 5; standard fins; io = 30.0 feet per second; io = 0'. 

Figure 11. - Modified Mk-7' store ejections at l4.0 = 1.39, hp = 3,400 feet, 
and C L ~  = o0 with 0.10-inch-thick magnesium fins. 
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(c )  Test 6; standard f ins;  io = 45.0 f e e t  per second; io = 0'. 

L-938% 
(d) Test 73 f i n s  folded; io = weO f e e t  per second; io = --hoe 

Figure 11. - Continued. 



( e )  Test 8; standard fins;  io = 30.0 f ee t  per second; io = -4'. 

( f )  Test 9; repeatabili ty of t e s t  8. L-95857 

Figure 11. - continued. 
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( 9 )  T e s t  10; fins folded; ;, = 45-0 feet per second; io = -4'. 

L- 

.) Test 11; standard fins; k, = 45.0 feet per second; io = - 

Figure 11.- Continued. 

CONFIDENTIAL 
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(i) Test 12; dorsal fins;  ko = 30.0 f e e t  per second; io = -4'. 

L-95859 
( j) Test 13; dorsal fins;  io = 45.0 f e e t  per second; io = -4'. 

Figure 11. - Continued. 



Side V i e w  

Bottom view 

L-95860 
(k)  Test 14; 33-percent increase of f i n  area; io = 45 fee t  per second; 

and io = -40. 

Figure 11.- Continued. 
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L-95861 
(1 )  Test 15; standard fins; c q  = JO; go = 30 feet per second; and io = - 4 O .  

Figure 11.- Concluded. 
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(a) Test 16; go = 24.5 feet per second; af = oO; full guided stroke. 

L-95862 
(b) Test 17; io = 25.0 feet per second; full fgided stroke at q = 3'. 

Figure 12.- Bluff-store ejections at &, = 1.39. hp = 39400 feet; io = oO= 



) Test 18; ko = 33.5 feet per second; ccf = 0'; full guided strc 

L-91 
Test 19; io = 34.5 feet per second; 9 = 0'; three-quarter gu 

stroke. 

Figure 12.- Continued. 

5863 
ided 



( e )  Test 20; io = 34.5 fee t  per second; c ~ f  = 0'; f u l l  unguided stroke. 

L-95864 
( f )  Test 21; io = 12.5 fee t  per second; 9 = 0'; f u l l  guided stroke. 

Figure 12.- Continued. 



L- 
;t 22; go = 12.5 feet per second; af = oo; one-half guided 

Figure 12.- Concluded. 

"J (JIuT I D W f  IAL 



( a )  Test 23; io = 26.5 feet per second; af = 0'; full guided stroke. 

L-93866 
(b) Test 24; io = 26.0 feet per second; full guided stroke; af = 3'- 

Figure 13,- Bluff-store ejections at Mo = 1.98. hp = 29,000 feet; io = 



( e )  Test 25; io = 28,0 fee t  per second; af = OO; three-quarter guided s t r  

L-95867 
(d) Test 26; ko = 23.5 f ee t  per second; c4, = oO; f u l l  unguided stroke 

Figure 13.- Continued. 



Side View 

L-95868 
(e) Test 27; go = 12.5 feet per second; 9 = 0'; one-half guided stroke. 

Figure 13.- Concluded. 



(a) T e s t  28; ko = 34.0 feet per second. 

(b)  Test 29; io = 46.0 feet per second. 
L-95869 

Figure 14.- Shape TX-28 store ejections at  Mo = 1.39. hp = 39400 feet; 

cy. = 0'; and io = -4'. 



(b) Test 31; io = -4'. 

Figure 15. - Turnabout TX-28 store ejections a t  Ivb = 1.39. 
hp = 3,400 feet;  cq = O O j  and io = 27* 5 f ee t  per s e c o n j  

CONFIDENTIAL 



x/d - Horizontal  d f s t a n c e  

(a) Comparison of modif ied-store and original-store (ref .  1) ejection 
with ejector 1 extended x/d = 0,418 a t  go = 30 feet  per second. 

Ffgure 16.- Mk-7 store oscillations and trajectories o a t  M = 1.39. 
hp = 3,400 feet; and c q  = 0 . 



x/d - 3 o r i z o n t a l  d i s t a n c e  

(b) Compa3-ison of f ins and body changes at  ko = 30 feet  per second, 

Figure 16 a - Continued. - 



Time - ( m i l l i s e c o n d s )  

x/d - Horfznntal d i s t a n c e  

(c) Cornpasison of ejection velocity change with modified store 

Figure 16. - Continued. 
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Time - (mi l l i seconds)  

x/d - Horizontal dfs tance  

(d) Ejections a t  io = -4O with standard f i n s  open and closed and ejec- 

t i on  velocity change's. 

Figure 16. - Continued. 



Time -(mf l l f seconds)  

x/d - Horizontal distance 

(e) Ejections with fin modifications at = 0' and io = -4' and 

velocity changes. 

Figure 16. - Continued. 



Time - ( m i l l 1  seconds) 

Horfzontal d i s t a n c e  

( f )  Compsrison of changes i n  ay with standasd fins a t  fro = 30 f e e t  
per second. 

Figure 16. - Concluded. 



Time -(milliseconds) 

x/d - Horizontal distance 

(a) & = 1.39; hp = 39400 feet- 

Figure 17.- Bluff-store oscillations and trajectories for a full guided 
stroke with ejector 1 and io = 00 with change in q. 



T i m e  4 m i  l l f  seconds) 

dis tance 

(b) M~ = 1.98; hp = 29,000 feet. 

Figure Concluded. 



Time 4 milliseconds) 

Figure 18.- Bluff-store osci l la t ions and t ra jec tor ies  for  a fuZl guided 
stroke a t  Mo = 1-39. hp = 3,400 feet;  q = oO; and io = o0 with 

change in ejection velocity. 



Time  4 milliseconds) 

x/d - Hcrizontal  d i s t a n c e  

(a) & = 1.39; hp = 39400 feet ;  go = 34 fee t  per second. 

Figure 19*- Bluff-store osci l la t ions and t ra jec tor ies  a t  ccf = oO, with 

ejector  2, for  guided and unguided strokes and change i n  stroke r a t io ,  



Time - (mi l l i seconds)  

x/d - Horizontal  d i s t a n c e  

(b) F&, = 1-98; hp = 29,000 fee t .  

Figure 19.- Concluded. 



Time - (millf seconds ) 

-Z - 2 o 2 4 6 8 10 12 

x/d - Iforizontal distance 

Figure 20e- Bluff-store osci l la t ions and t ra jec tor ies  a t  &, = 1.39. 
hp = 3,400 feet;  af = 0'; and go = l2.5 f e e t  per second; for  0-50 

and 1.00 guided stroke ra t ios .  
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-20 - 5 0 5 1 0  15 20 

Time 4 m i l l i s e c o n d s )  

H o r i z o n t a l  d i s t a n c e  

Figure 21. - TX-28 store oscillations and trajectories at M, = 1.39. 
hp = 39400 feet; af = oO; and io = -4O with change in ejection 

velocities. 



Time - ( m i l l i s e c o n d s  ) 

-2 o 2 4 6 8 10 12 

x/d - H o r i z o n t a l  d i s t a n c e  

Figure 22.- Turnabout TX-28 store  osci l la t ions and t ra jec tor ies  a t  
= 1-59. hp = 39400 feet ;  2, = 27.5 f ee t  per second; and af = o0 

with change in io. 
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Number 

ABSTRACT 

A dynamic investigation of store ejections from a l/ l7-scale bomb 
bay of the Republic F-105 airplane has been conducted i n  the 27- by 
27-inch pref l ight  je t  of the Langley Pi lo t less  Aircraft Research Station 
a t  Wallops Island, Va., a t  Mach numbers of 1.39 and ~ 9 8 ,  A modified 
Mk-7 store,  a bluff store,  a TX-28 store,  and a turnabout TX-28 s tore  
were ejected over a range of e ject ion veloci t ies  from 12.5 t o  46 f ee t  
per second., The purpose of the investigation was t o  determine what f i r s t -  
order e f fec ts  were involved i n  making these store ejections and t o  ascer- 
t a i n  which modifications might be used t o  obtain successful releases near 
sea level.  
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