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RESEARCH MEMORANDUM 

COMPARISON AND EVALUATION OF TWO MODEL TECHNIQUES 

USED IN PISEDICTDIG BOMB-REUASE MOTIONS 

By Harry W. Carlson, Douglas J. Geier, and John B. Lee 

For the purpose of calculating bomb trajectories,  forces and moments 
have been measured on bombs of three fineness ra t ios  i n  the presence of 
a swept-wing f ighter-bomber configuration a t  a Mach number of 1.61. Tra- 
jectories thus obtained have been compared with those from dynamic model 
t e s t s  and an analysis has been made t o  determine the source of errors 
and t o  suggest improvements i n  both techniques. 

INTRODUCTION 

In  recent years, considerable research ef for t  has been devoted t o  
the problem of predicting the behavior of bombs released from full-scale 
a i rc raf t .  It has been shown that,  for  some ccmditions, a bomb can expe- 
rience interference forces due t o  the airplane flow f i e ld  of sufficient 
magnitude t o  cause the bomb t o  deviate from a normal trajectory and col- 
l ide with the releasing airplane. Forced ejection has been used t o  al le-  
viate these diff icul t ies ,  but it is  s t i l l  important t o  have an accurate 
prediction of release paths i n  order tha t  an ejection system of minimum 
size can be used and disturbances causing bombing inaccuracies can be 
minimi zed. 

For release from an open bay, where use of pure theoretical methods 
would be extremely d i f f icu l t ,  i f  not impossible, two basically different 
experimental approaches have been used. In one method similarity laws 
(ref .  1 )  are applied t o  wind-tunnel dynaanic-model drops. The conditions 
believed t o  be the most important i n  determining the bomb motion are 
made t o  meet the similarity relationships exactly, whereas other factors 
having some influence must necessarily be neglected. The scaled dynamic 
drops are usually recorded photographically for  detailed study. In the 
second technique, the trajectory of a bomb following release is calcu- 
la ted by a step-by-step application of the equations of motion by using 
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mapped data  of bomb forces i n  the  presence of the  airplane. These data  
a re  obtained by s t a t i c  measurements i n  wind-tunnel t e s t s .  

Although any d i rec t  comparison of fu l l - sca le  drops at supersonic 
speeds with e i ther  type of model prediction may be lacking, it i s  s t i l l  
possible t o  make an evaluation of the methods. Measured force data from 
models may be used t o  calculate t ra jec tor ies  fo r  actual  drops of dynam- 
i c a l l y  scaled model bombs. It i s  reasonable t o  believe t ha t  the  degree 
of correlat ion obtained with dynamic model drops i s  a l so  a measure of 
t h e  a b i l i t y  t o  calculate ful l -scale  drops from force data. I f  the cor- 
r e l a t i on  can be established, the  force data  can be used i n  calculating 
t he  corresponding ful l -scale  drops i n  order t o  evaluate the  simple simi- 
l a r i t y  relat ionships used in t he  dynamic drop tes t ing  (provided the  
Reynolds number e f fec t s  can be assumed t o  be negligible) .  Evaluations of 
t h i s  nature were made in reference 2. The agreement between the  two 
experimental methods, however, l e f t  much t o  be desired, and the  main 
conclusion was t ha t  fo r  both methods the  configurations (including the  
bomb bay) must be duplicated i n  a l l  possible de ta i l s .  

The present report  presents the  resu l t s  of a coordinated investiga- 
t i o n  which included (1) s t a t i c  force t e s t s  in the  Langley 4- by &-foot 
supersonic pressure tunnel with subsequent drop calculations and (2) model 
drop t e s t s  of iden t ica l  bombs from the  same airplane model i n  the  pre- 
f l i g h t  j e t  of the  Langley P i lo t l ess  Aircraft  Research Sta t ion at  Wallops 
Island, Va.  A fighter-bomber airplane model and bombs of three shapes 
were used i n  the  t e s t s  a t  a Mach number of 1.61. The r e su l t s  are  com- 
pared and analyzed i n  the  manner suggested i n  the  preceding paragraph. 

SYMBOLS 

Drag 
CDb drag coefficient  of bomb, - 

ss 

L i f t  
C ~ b  l i f t  coefficient  of bomb, - ss 

cmb 
pitching-moment coefficient  of bomb, about bomb nose, 

Pitching moment 

ssz 

P pressure, lb/sq in .  abs 

Q dynamic pressure, lb /sq  f t  
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S f ron t a l  area of bomb, sq  f t  

2 length of bomb, in .  

x longitudinal posit ion of bomb midpoint, measured rearward from 
bomb-bay midpoint, in. 

z ve r t i c a l  posit ion of bomb midpoint, measured downward from fuse- 
lage center l ine ,  in. 

t time, see 

i ve r t i c a l  velocity of bomb center of gravity, f t / s ec  

ab angle of at tack of i sola ted bomb 

% angle of a t tack of wing-fuselage configuration 

8 a t t i tude  angle of bomb center l i n e  referenced t o  horizontal, deg 

6 angular velocity of bomb, deg/sec 

f fineness r a t i o  of bomb 

Llvr incremental distance (horizontal) 

Az incremental distance (ver t i ca l )  

Subscript: 

0 at ins tant  of release 

MODELS AND TESTS 

Geometrically iden t ica l  models were used i n  the  s t a t i c  force t e s t s  
and dynamic drop t e s t s .  Dimensional drawings of the  fighter-bomber w i n g -  
fuselage configuration are  presented in f igure  l ( a ) ,  which a lso  shows the  
general arrangement fo r  t he  force t e s t s .  Figure l ( b )  shows the  equipment 
used i n  the  dynamic model t e s t s .  Drawings and photographs of the  bomb 
models and e jectors  used are  shown i n  f igure 2. 

I n  the  force t e s t s  the wing fuselage was mounted on a model s t i ng  
attached t o  the  regular support s t ing  of the Langley 4- by 4-foot super- 
sonic pressure tunnel. The bombs were mounted on a six-component s t ra in -  
gage balance, which was s t ing  mounted off the  tunnel side wall by the  
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mechanism shown i n  f igure l ( a )  .. Bomb angles of at tack of -15O t o  15O 
were provided by t h i s  system. A deta i led description of the  t es t ing  
equipment and procedures may be found i n  reference 3. 

I n  the  dynamic model drop t e s t s ,  performed i n  the  p re f l igh t  j e t  of 
t h e  Langley P i lo t l ess  Aircraft  Research Division Sta t ion a t  Wallops 
Island, V a . ,  bomb release was accomplished through the use of an ejecting 
mechanism u t i l i z i ng  hydraulic pressure. Photographic records of the drops 
were made by use of multiple exposures by a bank of Strobolights, Details  
of the e ject ion mechanism, the  stroboscopic technique, and a discussion 
of the  s imi la r i ty  relat ionships used are given i n  reference 4. 

Two streamlined bomb shapes having fineness r a t i o s  of 4 and 7, and 
a bluff bomb (or  "spool") shape were t es ted  i n  these investigations. 
Both streamlined bombs had f i n s .  Throughout the paper the  bombs and 
e jectors  w i l l  be ident i f ied  as i n  the  following table: 

Ejector used with 

Fineness r a t i o  4 

The nominal ranges of the  angles of a t tack and positions used in 
t he  force t e s t s  and a convenient index t o  the  wing-fuselage-ejector-bomb 
configuration tes ted  a re  presented i n  t ab le  I. 

PRECISION OF DATA 

The repeatabi l i ty  or re la t ive  accuracies during the  force t e s t s  a re  
estimated from an inspection of repeat test points, zero sh i f t s ,  and 
s t a t i c  deflection calibrations t o  be as follows: 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  x, i n . .  f0.05 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  z, i n . .  f0.10 
C D ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.O1 

. . . . . . . . . . . . . . . . . . . . . . . .  C L ~  " .  . f0.03 
. . . . . . . . . . . . . . . . . . . . . . . .  c, ... f0.03 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  a b , d e g  10.10 
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PRESENTATION OF FSSULTS 

Isola ted Bomb Data 

D~ag, l i f t ,  and pitching-moment data f o r  the three bombs are  pre- 
sented i n  f igure  3 .  The unusual shapes of the  isolated data  curves fo r  
bomb 1 are  explained i n  reference 5 .  It should be noted t h a t  the  bomb 
pitching moment i n  a l l  cases i s  referenced about the bomb nose. 

Basic Data Plots 

L i f t ,  drag, and pitching-moment coefficients fo r  bombs 1, 2, and 3 
i n  the  presence of the wing-fuselage combination with no e jector  i n  the 
bomb bay are presented i n  f igures 4 t o  6. The same coefficients f o r  
these bombs i n  presence of the wing-fuselage-ejector configuration axe 
presented i n  f igures 7 t o  10. 

These basic data  are presented i n  the  form of plots  of coefficients 
against z ( the  ve r t i c a l  distance between the  fuselage center l i n e  and 
the  bomb midpoint). Data fo r  seven bomb angles of a t t ack .a re  shown. 
From these data, contour maps of bomb forces and calculations of bomb 
motions and paths can be made. An evaluation of the  e f fec t s  on bomb 
forces and moments of an e jector  protruding beneath the  fuselage can 
a l so  be made from basic data p lo t s  and contour maps. A summary of the  
t e s t  conditions (bomb posit ion and a t t i tude)  i s  given i n  t ab le  I. Fig- 
ure 11 presents photographs of the  dynamic model drops used and discus- 
sed i n  t h i s  report .  Table I1 gives t he  pert inent information fo r  these 
drops. 

Contour maps.- Figures 12 t o  18 present contour maps of each coef- 
f i c i e n t  f o r  bombs 1, 2, and 3 i n  the  presence of the wing-fuselage con- 
f igurations with and without an e jector .  The bomb midpoint i s  the  refer-  
ence point ( the  point at which t he  coefficient  i s  plotted) f o r  a l l  contour 
plots .  The bomb, bomb bay, and e jector  are shown on each p lo t  t o  scale. 
From an inspection of f igures 12 and 15 it can be seen that ,  in general, 
there i s  an increase i n  gradients i n  the  v ic in i ty  of the e jector  and some- 
what of a rearward s h i f t  i n  maximum values of the coefficients due t o  the  
presence of an ejector.  From figures 16 and 17 it can be seen t h a t  there 
axe small changes in magnitude and contour due t o  changing e jector  shape, 
Where it was necessary t o  extrapolate data i n  order t o  complete the  maps, 
dashed l ines  are  used. 

Bomb t ra jec tor ies . -  Figures 19 t o  24 present time h i s to r ies  of hori- 
zontal  and ve r t i c a l  posit ion and a t t i tude  angle. The drawings represent 
the  bomb a t  successive posit ions along i ts  calculated t ra jec tory  at a 
time in te rva l  of 0.002 second, These f igures show comparisons between 
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bomb t ra jec tor ies  obtained from dynamic model t e s t s  and bomb drop paths 
calculated from force t e s t s  as i n  reference 3. 

DISCUSSION OF RESULTS 

A comparison was made i n  reference 2 between a forced-ejection model 
drop and a calculated drop fo r  the same conditions using s t a t i c  force 
data.  The bomb bay used i n  the  force t e s t s  did not include a dummy 
ejector .  That comparison i s  repeated i n  f igure lg(a)  . Although the t r a -  
jectory (Ax,  Dz) was predicted f a i r l y  accurately, the correlat ion fo r  
bomb pitching motion l e f t  much t o  be desired. In addition, it should be 
real ized t ha t  a reasonably accurate bomb center-of-gravity t ra jec tory  can 
be predicted without a knowledge of the  airplane-induced disturbances, 
inasmuch as it i s  largely determined by the  bomb weight and isola ted bomb 
drag. It was suggested i n  reference 1 tha t  the discrepancies were due t o  
the  absence of a simulated e ject ion mechanism i n  the  bomb bay used i n  the  
s t a t i c  force t e s t s .  

When the  force data  obtained with the  e jector  were used, an improved 
prediction resulted; t h i s  prediction i s  compared i n  f igure 19(b) with drop 
data  reproduced from the  preceding figure.  In  t h i s  computed case an ejec- 
t i o n  velocity of 26 f e e t  per second was used, since it more nearly agrees 
with the actual  release conditions than does the  nominal value of 30 f ee t  
per second. This change i n  velocity is responsible fo r  the  improved 
agreement in the  ve r t i c a l  displacements. 

I n  order t o  demonstrate more forcibly  the  importance of the  i n i t i a l  
release conditions, f igure 20 has been prepared. In  par t  ( a )  of f igure 20, 
t he  nominal or preset  release conditions (a t t i tude  angle, e ject ion veloc- 
i t y ,  e tc . )  were used i n  the force data calculations and a complete f a i l -  
ure t o  predict  the  actual  pitching motion resulted.  However, deflections 
and play i n  the release mechanism caused the  bomb angle a t  zero time (as  

measured by photographs) .to be about lAO instead of the  preset  kO. I n  
2 

addition, i f  the dashed l ine  can be regarded as  a reasonable fa i r ing  of 
the  experimental data, the  bomb has a pitching velocity of considerable 
magnitude (-3, 600° per second) a t  t ha t  instant .  Using t ha t  dashed l i ne  
as  the basis  fo r  selecting the i n i t i a l  conditions produced the r e su l t  
presented i n  f igure 20(b) . Obviously, the angular velocity had been 
grossly overestimated. Fo r tua t e ly ,  i n  t h i s  case, a check run (case 2) 
was made i n  which the  timing of the Strobolights was out of phase with 
t h e  timing of case 3.  The data  from both runs, which have been plot ted 
i n  par t  ( c )  of f igure  20, indicate t ha t  the  repeatabi l i ty  of the  dynamic 
drop t e s t s  i s  very good. However, it i s  now apparent t ha t  a f a i r ed  curve 
of a somewhat di f ferent  character is required t o  represent the drop data. 
Use of t h i s  dashed curve i n  obtaining control conditions (€I0 = l . O O ;  
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iO = 1 , 4 0 0 ~  per second) resul ts  i n  a considerable improvement in  the 
ab i l i t y  of the calculative technique t o  predict the pitching motion. 

These resul ts  i l l u s t r a t e  clearly the need for an accurate evalua- 
t ion  of the actual conditions a t  the instant of release i n  order t o  
obtain correlation of the calculations with the photographically recorded 
ejection t e s t s .  It is also evident that  t h i s  knowledge is  essent ial  in  
determining exactly what full-scale conditions are being simulated. In 
view of these diff icul t ies ,  a l l  subsequent calculations w i l l  be made from 
force data measured with a simulated ejector i n  place and w i l l  use i n i t i a l  
conditions determined from faired experimental drop curves. 

A spool-bomb drop made a t  low ejection velocity (6.3 ft /sec) is  shown 
i n  figure 21. The calculative prediction is  very good up t o  0.016 second 
af te r  release but is poor a f te r  tha t  time. 

Figure 22 presents a similar comparison for  the fineness-ratio-7 
finned bomb ejected with a velocity of 34 fee t  per second and shows a 
degree of correlation. As before, the good agreement of the curve with 
the f i r s t  four points of the bomb angle plot indicates that  the lack of 
agreement beyond that  point may be due t o  inadequacies i n  the calculative 
technique used. Very l ike ly  a closer grid of t e s t  positions is necessary 
t o  obtain a more detailed picture of the rapidly changing interference 
forces. There are other possible causes of the discrepancies between 
the two t e s t  methods, such as the Reynolds number change and the deletion 
of higher order terms i n  the equations of motion given in reference 3. 

In one case, shown here in  figure 23, a more streamlined ejector was 
used with bomb 2. The calculated drop compares well with the dynamic 
model drops for  the f i r s t  0.012 second. Thereafter the bomb reached an 
at t i tude angle of 12' whereas the calculation showed a maximum angle of 
about 4'. This large difference i n  pitch amplitude has not been explained. 
The fai lure  of the calculative technique t o  predict t h i s  effect  again i s  
indicative of the aforementioned d i f f icu l t ies .  The machine calculations 
presented i n  t h i s  report are particularly sensitive in t h i s  respect, since 
l inear interpolation between t e s t  points was used. 

The data for  the forced ejection model drop of figure 19 have been 
reproduced i n  figure 24, where they are cornpazed with calculations using 
the full-scale conditions which the model drops simulate. A model scale 
of 1/20 was assumed. Bombs of three different weights have been treated 
i n  the three parts of the figure. Corresponding alt i tudes were chosen 
so tha t  each case meets the requirements for  t h i s  type of simulation 

Store density 
= Constant . The displacements and times now refer  t o  

S ta t ic  pressure ) 
the full-scale cases. The calculations show almost identical curves f 02 
each of the drops and agree well with the model drop data: The agreement 
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fo r  t h i s  type of simulation depends on a large e ject ion velocity i n  order 
t h a t  the e f fec t s  of gravity w i l l  be minimized. In reference 2 calculated 
drops were used t o  i l l u s t r a t e  the  e f fec t  of release velocity on the degree 
of simulation obtainable. Reynolds number e f fec t s  have not been considered 
i n  these comparisons. 

CONCLUDING REMARKS 

For the  purpose of calculating bomb t ra jec tor ies ,  forces and moments 
have been measured on bombs of three fineness r a t i o s  i n  the  presence of 
a swept-wing fighter-bomber configuration. Trajectories thus obtained 
have been compared with those obtained i n  dynamic model t e s t s  and an 
analysis of the r e su l t s  was made. 

I n  both of the  model t es t ing  techniques it i s  important t ha t  a l l  
de t a i l s  of the actual  bay be duplicated insofar as possible. In addition, 
the  release mechanism used i n  the  drop t e s t s  must be designed t o  minimize 
play and deflection during release, and the  release conditions must be 
accurately s e t  or  known. The r e su l t s  indicate t ha t  the  s ta t ic- force  
mapping technique requires a more closely spaced gr id  than was used i n  
these t e s t s .  

When the above-mentioned sources of e r ro r  were eliminated as factors  
i n  the correlat ion ( t o  the  extent possible with the  exist ing data) ,  accept- 
able correlat ion between the s ta t ic- force  and dynamic-drop techniques was 
obtained a t  l e a s t  during the c r i t i c a l  period immediately following release.  
The resu l t s  indicate t ha t  both techniques are  useful f o r  model investi-  
gation of release problems and for  guidance of ful l -scale  investigations. 
The ultimate correlat ion of both methods with ful l -scale  drop t e s t s  (which 
depends on the Reynolds number e f fec t s  being small or negligible)  should 
be checked as soon as f l i g h t  data become available. 

Langley Aeronautical Laboratory, 
National Advisory Committee fo r  Aeronautics, 

Langley Field, Va., October 1, 1957. 
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TABU I.- INDM TO WING-FUSELAGE-BOMB CONFIGURATIONS 

AND POSITIONS WED I N  THE FORCE TEST 

Bomb 

2 

2 

3 

1 

2 

3 

1 

Ejector 

A 

B 

A 

C 

None 

None 

None 

ab, deg 

0, 45, 410, 415 

0, f5, 410, f15 

0, 25, +lo, 215 

0 , 5 5 , 4 1 0 , + 1 5  

0, f5, 410, 415 

0, +5, 410, 415 

0, 45, 410, 415 

X, in. 

-1.5, -0.5, 1, 3, 6 

-1.57 4 - 5 1  1 9  39 6 

-1.65, -0.15, 1.85, 3,85 I 

- 1 . 5 , - 0 . 3 7 , 0 . 5 0 , 2 , 4 , 6 , 8  

-2.55, -1.05, 0.7, 2.95, 5.95 

-1.65, -0.05, 1.85, 3.85 

-1.05, 2-93, 6.95, 8.95, 10.95 

z - r q e ,  in. 

O t o  10 

0 t o  10 

o t o  10 

O t o 1 0  

0 t o  6 

0 t o  10 

0 t o 6  

Basic data figure 

8 

9 

10 

7 

5 

6 

4 



TABLF 11.- INITIAL CONDITIONS OF DYNAMIC DROPS 

- - 

so, 
lbIs9 f t  

3869 2 

3%9.2 

3869 2 

3622. o 

3714 7 

3942.24 

Moment of 
inertia, 
l b - b . 2  

1.870 

.418 

.420 

.592 

* 595 

1.175 

Weight, 
l b  

1.80 

.41O 

-409 

. 4173 

-4240 

.419 

Case 

1 

2 

3 

4 

5 

6 

Center-of-gravity 
location, 

percent length 

35.0 

35.0 

35.0 

50.0 

50. 0 

50.0 

Bomb 

1 

1 

1 

2 

2 

3 

80, deg 

Nominal 

4.0 

4.0 

4.0 

4.0 

4.0 

-2.0 

C 

Actual 

2.1 

-.4 

1 

4.0 

2.3 

-2.0 

iO, ft/sec 

Nominal 

11.25 

30.0 

30.0 

30.0 

30.0 

30.0 

Actual 

6.3 

31.5 

33 4 

26.0 

30.8 

34.0 



Design Fuselage Coordinates 

Fuselage R 
Sfation 

Fuselage 
station 

Wing Data 

Wing span 21.918 
Sweep 3 45O 
Aspect ratio 
Taper ratio 

4 

chord 
03 
8.430 

Tip Chord 
M. A. C. 

2 5 2 9  

Section 
6 0 1 0  

NACA 65A006 

(shown twice s i z e  ) 

b o m b  - s u p p o r t  

sect ion A-A 

t u n n e l  w a l l  

( a )  Model setup fo r  s t a t i c  force t e s t s .  

Figure 1. - Layout of models, wing dimensions, and fuselage coordinates. A l l  dimensions are  i n  
inches. 
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L-57-1647 
(b) Equipment setup fo r  dynamic model t e s t s .  Strobolights a t  bottom 

l e f t .  Wing-fuselage model i s  same as  t h a t  i n  f igure l ( a )  . 
Figure 1.- Concluded. 
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Bomb I 

Bomb 2 
(flm mtio 4.001 

Bomb 3 
(Fineness mtio 7.001 

(a) Bombs. (~jector position shown.) 

Elector A Ejector B Eleaor C 

(b) Bomb ejectors. 

Figure 2.- Details of models. All dimensions are in inches. 



(c )  Photograph of models. L-57-1646 

Figure 2. - Concluded. 
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Bomb angle of attack, ab, deg 
-.- 

(a) Bomb 1. 

Figure 3.- Aerodynamic characteristics of the isolated bombs. 
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Bomb angle of attack, arb, deg 

( a) Concluded. 

Figure 3.- Continued. 
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-2 0 2 4 6 8 10 12 14 16 

Bomb angle of attack, ab, deg 

(b )  Bomb 2. 

Figure 3. - Continued. 



Bomb angle of attack, a,,, deg 

(c) Bomb 3. 

Figure 3.- Concluded. 
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Fig 

0 I 2 3 4 5 6 7 8 9 1 0  

Vertical location of bomb midpoint, z, in. 

( a )  x = -1.05 inches. 

Force and moment data fo r  bomb 1 i n  presence of the  
'uselage combination without e jector .  awf = 4'. 
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Vertical location of bomb midpoint, z, in. 

( a) Continued. 

Figure 4.- Continued. 
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0 I 2 3 4 5 6 7 8 9 1 0  

Vertical location of bomb midpoint, z, in. 

( b )  x = 2.95 inches. 

Figure 4.- continued. 
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Vertical location of bomb midpoint, z, in. 

( b) Continued. 

Figure 4. - Continued. 
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Vertical location of bomb midpoint, z, in. 

( b )  Concluded. 

Figure 4. - Continued. 
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Vertical location of bomb midpoint, z, in. 

( c )  x = 6.95 inches. 

Figure 4.- Continued. 
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Vertical location of bomb midpoint, z, in. 

( c) Continued. 

Figure 4. - continued. 
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Vertical location of bomb midpoint, 2, in. 

(c) Concluded. 

Figure 4.- Continued. 



NACA RM L57J23 

0 B 2 3 4 5 6 7 ' 8  9 80 

Vertical location of bomb midpoint z, in. 

(d) x = 8.95 inches. 

Figure 4.-  Continued. 
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Vertical location of bomb midpoint, z, in. 

( d) Continued. 

Figure 4.- Continued. 
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Vertical location of bomb rnidpoinf z, in. 

(dj Concluded. 

Figure 4.- Continued, 



Vertical location of bomb midpoint, z, in. 

( e )  x = 10.95 inches. 

Figure 4. - ~ o n t  inued . 
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Vertical location of bomb midpoint, z, in. 

(e )  Continued. 

Figure 4.- Continued. 
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Vertical location of bomb midpoint, z, in. 

( e ) Concluded. 

Figure 4. -, Concluded. 
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0 I 2 3 4 5 6 7 8 9 1 0  

Vertical location of bomb midpoint, z, in. 

(a) x = -2.55 inches. 

Figure 5.- Force and moment data  f o r  bomb 2 i n  presence of the wing- 
fuselage combination without e jec tor .  awf = 4'. 
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( a) Continued. 

Figure 5 .  - continued. 
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Vertical location of bomb midpoint, z, in. 

( a) Concluded. 

Figure 5.- Continued. 
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Vertical locatian of bomb midpoint, z, in. 

( b )  x = -1.05 inches. 

Figure 5.- Continued. 
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Vertical location of bomb midpoint, z, in. 

( b) Continued. 

Figure 5.- Continued. 
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Vertical location of bomb midpoint, z, in. 

(b) Concluded. 

Figure 5. - ,Continued. 
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Vertical location of bomb midpoint, z, in. 

( c )  x = 0.95 inch. 

Figure 5 .  - Continued . 
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Vertical location of bomb midpoint, z, in. 

( c) Continued. 

Figure 5.- Continued. 
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Vertical location of bomb midpoint, z, in. 

(c) Concluded. 

Figure 5.- Continued. 
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Vertical location of bomb midpoint, z, in. 

(d )  x = 2.95 inches. 

Figure 5 .  - Continued. 
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Vertical location of bomb midpoint, z, in. 

(d) Continued. 

Figure 5 .  - Continued. 
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Vertical location of bomb midpoint, z, in. 

(d) Concluded. 

Figure 5.- Continued. 
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Vertical location of bomb midpoint, z, in. 

(e) x = 5.95 inches. 

Figure 5. - Continued. 
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Vertical location of bomb midpoint, z, in. 

(e)  Continued. 

Figure 3. - Continued. 



Vertical location of bomb midpoint, z, in. 

(e )  Concluded. 

Figure 5.- Concluded. 
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Vertical location of bomb midpoint, z, in. 

( a )  x = -1.65 inches. 

Figure 6. - Force and moment data fo r  , bomb 3 in  presence of the wing- 
fuselage combination without ejector . % = 4'. 
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Vertical location of bomb midpoint, z, in. 

( a) Continued. 

Figure 6.  - Continued. 
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( a) Concluded. 

Figure 6. - Continued . 
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Vertical location of bomb midpoint* z, in. 

(b) x = -0.15 inch. 

Figure 6 .  - Continued . 
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Vertical location of bomb midpoint, z, in. 

( b ) Continued . 
Figure 6. - Continued. 



NACA RM L57J23 

0 I 2 3 4 5 6 7 8 9 1 0  

Vertical location of bomb midpoint, z, in. 

(b) Concluded. 

Figure 6. - Continued. 
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( c )  x = 1.85 inches. 

Figure 6. - Contf nued. 
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Vertical location of bomb midpoint, z, in. 

(c)  Continued. 

Figure 6. - Continued. 



Vertical location of bomb midpoint, z, In. 

( c) Concluded. 

Figure 6. - Continued. 
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Vertical location of bomb midpoint, 2, in. 

(d) x = 3.85 inches. 

Figure 6.- Continued. 
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Vertical location of bomb midpoint, z, in. 

(d) Continued. 

Figure 6. - C'ont inued . 
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Vertical location of bomb midpoint, z, In. 

( d) Concluded. 

Figure 6. - Concluded. 
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Vertical location of bomb midpoint, z, in. 

(a) x = -1.50 inches. 

Figure 7.- Force and moment data for bomb 1 in presence of the wing- 
fuselage combination with ejector C. ab = 4'. 
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Vertical locetion of bomb midpoint, z, in. 

(a) Continued. 

Figure 7.- Continued. 
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Vertical location of bomb midpoint, z, in. 

( a) Concluded. 

Figure 7.- Continued. 
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(b) x = -0.37 inch. 

Figure 7. - Continued. 
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(b) Continued. 

Figure 7.- Continued. 
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Vertical location of bomb midpoint, z ,  in. 

(b )  Concluded. 

Figure 7. - Continued . 



NACA RM L57J23 

" 0  1 2 3 4 5 6 7 8 9 1 0  

Vertical location of bomb midpoint, Z, in. 

( c )  x = 0 . 5 0 i n c h .  

Figure 7.- Continued. 
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Vertical location of bomb midpoint, z, in. 

(c) Continued. 

Figure 7. - Continued. 
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Vertical location of bomb midpoint, z, in. 

(c) Concluded. 

Figure 7.- Continued. 
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Vertical location of bomb midpoint, z, in. 

(d) x = 2.00 inches. 

Figure 7.- Continued. 
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Vertical location of bomb midpoint, z, in. 

(a) Continued. 

Figure 7. - Continued . 
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Vertical location of bomb midpoint, z, in. 

(d) Concluded. 

Figure 7.- Continued. 
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krtical location of bomb midpoint, z, in. 

(e) x = 4.00 inches. 

Figure 7. - Continued. 
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Vertical location of bomb midpoint, z, in. 

(e) Continued. 

Figure 7. - Continued. 
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(e) Concluded. 

Figure 7.- Continued, 
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Vertical location of bomb midpoint, z, in. 

(f) x = 6.00 inches. 

Figure 7.- Continued. 
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(f) Continued. 

Figure 7.- Continued. 
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(f) Concluded. 

Figure 7.- Continued. 
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Vertical location of bomb midpoint, z, in. 

(g )  x = 8.00 inches. 

Figure 7.- Continued. 
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(g)  Continued. 

Figure 7.- Continued. 
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\leutical location of bomb midpoint, z, in. 

(g) Concluded. 

Figure 7.- Concluded. 
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Vertical location of bomb midpoint, z, in. 

(a) x = -1.50 inches. 

Figure 8.- Force and moment data for bomb 2 in presence of the wing- 
fuselage combination with ejector A. = 4'. 
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Vertical location of bomb midpoint, z, in. 

( a) Continued. 

Figure 8. - Continued. 
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Vertical location of bomb midpoint, z, in. 

( a) Concluded. 

Figure 8. - Continued. 



brtical location of bomb midpoint, z, in. 

( b )  x = -0.50 inch. 

Figure 8. - Continued . 
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Vertical location of bomb midpoint? z, in. 

(b) Continued. 

Figure 8. - Continued. 



Vertical location of bomb midpoint, z, in. 

(b) Concluded. 

Figure 8. -' Continued. 
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Vertical location of bomb midpoint, z, in. 

( c )  x = 1.00 inch. 

Figure 8. - Continued. 
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( c) Continued. 

Figure 8. - Cont hued. 
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Vertical location of bomb midpoint, z, in. 

(c) Concluded. 

Figure 8. - Continued. 
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Vertical location of bomb midpoint, z, in. 

(d) x = 3.00 inches. 

Figure 8. - Continued. 



Vertical location of bomb midpoint, z, in. 

( d) Continued . 
Figure 8. - ~ont inued . 
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Vertical location of bomb midpoint, z, in. 

( d) Concluded. 

Figure 8. - Continued. 
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Vertical location of bomb midpoint, z ,  in. 

(e) x = 6.00 inches. 

Figure 8. - Continued. 
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Vertical location of bomb midpoint, z, in. 

( e )  Continued. 

Figure 8. - Continued. 
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Vertical location of bomb midpoint, z ,  in. 

( e) Concluded. 

Figure 8. - Concluded. 
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Mrtical location of bomb midpoint, z, in. 

(a)  x = -1.50 inches. 

Figure 9.- Force and moment data  f o r  bomb 2 in presence of the  win@ 
fuselage combination with e jec to r  B. awf = 4'. 
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Figure 9. - Continued . 
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Figure 9.- Continued. 
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Figure 9.- Continued. 
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Vertical location of bomb midpoint, z, in. 

(b)  Continued. 

Figure 9.- Continued. 
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Vertical location of bomb midpoint, z,. in. 

(b) Concluded. 

Figure 9.- Continued. 
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Vertical location of bomb midpoint, z, in. 

( c )  x = 1.00 inch. 

Figure 9. - Continued . 
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Vertical location of bomb midpoint, z, in. 

(c)  Continued. 

Figure 9.- Continued. 
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Vertical location of bomb midpoint, z, in. 

( c) Concluded. 

Figure 9.- Continued. 
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Mrtical location of bomb midpoint, z, in. 

(d) x = 3.00 inches. 

Figure 9.- Continued. 
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( d) Continued . 
Figure 9.- Continued. 
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Vertical location of bomb midpoint, z, in. 

(d) Concluded. 

Figure 9.  - Continued . 
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Vertical location of bomb midpoint, z, in. 

(e) x = 6.00 inches. 

Figure 9.- Continued. 



NACA RM L57J23 

0 I 2 3 4 5 6 7 8 9 S O  

Vertical location of bomb midpoint? z, in. 

( e ) Continued. 

Figure 9.- Continued. 
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( e ) Concluded. 

Figure 9.- Concluded. 
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Vertical location of bomb midpoint, z, in. 

(a) x = -1.65 inches. 

Figure 10.- Force and moment data for bomb,3 in presence of the wing- 
fuselage combination with ejector A. awf = 4'. 
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(a) Continued . 
Figure 10. - Continued . 
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Vertical location of bomb midpoint, z, in. 

(a) Concluded. 

Figure 10. - Continued . 
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Vertical location of bomb midpoint, z, in. 

(b) x = -0.15 inch. 

Figure 10.- Continued. 
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(b) Continued. 

Figure 10.- Continued. 
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Vertical location of bomb midpoint, z, in. 

( b) Concluded. 

Figure 10. - 'Continued. 
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Mrtical location of bomb midpoint, z, in. 

(c) x = 1.85 inches. 

Figure 10.- Continued. 
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( c )  Continued. 

Figure 10.- Continued. 
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Vertical location of bomb midpoint, z, in. 

(c) Concluded. 

Figure 10.- Continued. 
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(d) x = 3.85 inches. 

Figure 10. -' Continued. 
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(d) Continued. 

Figure 10.- Continued. 
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Figure 10.- Concluded. 
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CASE 2 CASE 5 

CASE 3 CASE 6 

Figure 11. - Stroboscopic photographs of bomb drops. L-57-1648 
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Htrizontal location of bomb mapwH, x, in. 

Figure 12.- Contour plot of force and moment data of bomb 1 in presence of the wing-fuselage 
combination without ejector . ab = oO. 
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Hcrizontal location of bomb mdpoint, x, in. 

( c) Pitching moment. 

Figure 14. - Concluded. 
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Figure 16. - Concluded. 
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