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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

MEASUREMENT OF STATIC FORCES ON INTERNALLY CARRTIED BOMBS
OF THREE FINENESS RATIOS IN FLOW FIELD OF A SWEPT-WING
FIGHTER-BOMBER CONFIGURATION AT A MACH
NUMBER OF 1.61 WITH ILLUSTRATIVE
DROP-PATH CALCULATIONS

By Norman F. Smith and Harry W. Carlson
SUMMARY

A wind-tunnel investigation of bomb-release problems can be made by
the technique of measuring static forces for computation of bomb drop
paths. As part of an extensive program, forces and moments were measured
at a Mach number of 1.61 in the Langley 4- by 4-foot supersonic pressure
tunnel on bombs of three fineness ratios and on a swept-wing fighter-
bomber airplane configuration for a great number of positions of the bomb
under an open bomb bay. The results show that the interference forces
and moments imposed upon the bombs by the airplane are large and change
rapidly as the bomb is moved through the flow field. The wing is shown
to0 have a very large effect on the bomb forces after the bomb has emerged
from the bomb bay. Calculations of bomb drop path were performed for one
bomb (by using the force data) to show graphically the effects of release
altitude, bomb attitude, ejection velocity, weight, and moment of inertia.
These results showed that obtaining satisfactory bomb release at low alti-
tude is made very difficult by the rapid rearward motion of the bomb
resulting from the large dynamic pressures. Releasing the bomb from a
position just below the bomb bay did not improve the release without the
addition of an adequate ejection velocity.

INTRODUCTION

With the development of supersonic bombing airplanes, the problems
of bomb release have become increasingly important. In addition to the
higher dynamic pressures, the extremely turbulent circulatory flow in
the bomb bay, as well as the nonuniform flow field surrounding the air-
plane, can cause bomb-release moticns that endanger both the bomb and
the airplane.
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In general, there are four methods of investigating release problems.
These are:

(1) Full-scale drop tests
(2) Model drop tests in wind tunnels

(3) Theoretical calculations of flow fields, bomb forces, and drop
paths

(4) Static-force measurements in wind tunnels followed by drop-
path calculations

Full-scale drop tests are obviously hazardous and do not readily
permit investigation of the effects of the large number of parameters
involved. Furthermore, with existing airplanes and bombs the equipment
and speed ranges of the future cannot be investigated. For these rea-
sons, other methods must be used, at least in the initial stages of
investigation.

Model drop tests in wind tumnmels have been performed (refs. 1, 2,
and 3, for example) and several techniques were well established. Within
the limits of rather stringent simularity requirements, such drop tests
can provide useful information for a particular airplane under a particu-
lar set of release conditions. 1In general, however, only limited varia-
tions of some of the important parameters can be simulated in drop tests
in available wind tunnels. Hence, detailed investigation of many factors
affecting bomb release is not readily accomplished by this method.

The development of theoretical methods for calculation of flow
fields, bomb forces, and bomb drop paths is, of course, desirable and
would reduce the need for specific testing. Some work has been done
along these lines at subsonic speeds for externally carried bombs (refs. b4
and 5), but the problems are difficult and the solutions tedious. Little,
if any, analysis has been attempted for internally carried bombs. Devel-
opment of theoretical methods will depend on a careful check with experi-
ments not only for flow-field calculations but also for calculation of
bomb forces and the resultant drop paths.

The measurement of static forces on the bomb through the drop region,
with calculation of bomb motion and drop path from these measurements (the
method utilized in this report) represents a relatively versatile tech-
nique. Although one set of measurements obtained by this method applies
only to one configuration at one Mach number, a rather complete investi-
gation of the various factors affecting bomb motion can be performed by
simply varying the appropriate parameter throughout a series of drop
calculations. Such calculations are readily performed in automatic com-
puting machines. 1In addition to use in the drop calculations, the force
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data may dlso be valuable as a check in the development of theoretical
methods of computing bomb forces and trajectories.

This report utilizes the fourth method outlined. Forces and moments
on bombs of three fineness ratios and on a fighter-bomber airplane are
presented for a large number of positions of the bomb under an open bomb
bay. A number of bomb drops have been calculated and are shown in order
to illustrate the procedure and demonstrate the type of analyses that
can be made.

SYMBOLS
. R . R Drag
Cp drag coefficient of wing-fuselage combination, 35
c . . : . . Lift
I 1ift coefficient of wing-fuselage combination, 5
Q
Cm pitching-moment coefficient of wing-fuselage combination,
referred to é, Pltchlng_moment
4 gsc
] Drag
Cpy drag coefficient of bomb,
a5y
Clyp 1ift coefficient of bomb, it
a5y,
. . L. Pitching moment
Cmb pitching-moment coefficient of bomb,
a5y
(center of moments is nose of bomb )
c mean aerodynamic chord of wing, in.
) total area of wing, sq ft
Sy maximum frontal area of bomb, sq ft
1! assumed bomb center-of-gravity position measured from bomb
nose, in.

1 bomb length, in.
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q dynamic pressure, lb/sq ft

PBp pressure coefficient on bomb base

X longitudinal distance between bomb midpoint and bomb-bay
midpoint (see fig. 1(b)), in.

Z vertical distance between bomb midpoint and a horizontal
line drawn through the fuselage center line at bomb-bay
center line (station 20, see fig. 1(b)), in.

0 attitude angle of bomb center line referenced to the horizontal,
deg

o angle of attack of bomb, © + tan™T %i (for static tests
o, = )

Qe angle of attack of wing-fuselage center line, referenced
to free-stream direction, deg

u velocity of bomb in direction indicated by subscripts, in./sec

U free-stream velocity, in./sec

a/a ratio of bomb sting diameter to bomb base diameter

f fineness ratio of bomb

Subscripts:

X horizontal (streamwise) direction

A vertical (gravity) direction

APPARATUS AND TESTS

Models

The general arrangement of the test setup is shown in figure 1.
Dimensions of the wing-fuselage combination are also given in this figure.
The wing-fuselage combination was designed to simulate a swept-wing
fighter-bomber airplane and was geometrically similar to the configura-
tion used in reference 6. If a model scale of 1/20 is assumed, bombs 2
and 3 (figs. 1 and 2) correspond to a full-scale diameter of 26 inches.
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The wing and fuselage were constructed of metal and were sting-
mounted on the regular support sting of the Langley 4- by L4-foot super-
sonic pressure tunnel. Both pitch and translation were provided in the
angle-of-attack plane by this support system. A six-component strain-
gage internal balance was housed within the fuselage to measure airplane
forces. The fuselage bomb bay was open for all tests and was rectangular
and square~cornered. At the rear of the bomb bay a slot was provided
into which the bomb-support strut could move for the more rearward bomb
positions (fig. 1).

The bombs were constructed of metal and were mounted on a six-
component electrical strain-gage balance, which was supported on a sepa-
rate mechanism as shown in figure 1. Attitude angles of the bomb were
provided by this support system from -15° to 15°, the center of rotation
lying on the axis of the bomb.

A series of bombs of various shapes and fineness ratios was investi-
gated. This report presents the results of tests of three, having fine-
ness ratios of 2.36, 4, and 7 (fig. 2). In order to design a fineness-
ratio series which would represent a geometric family and at the same
time be practical, particularly from the volume standpoint, a combination
of ogive nose, cylindrical center section, and ogive-cone tail section
was used. The derivation of the proportions for the geometric family
is shown in the sketch on the right-hand side of figure 2.

The bomb fins employed a slab-sided double-wedge section. All three
bombs were investigated with and without fins, whereas bomb 2 (fig. 2)
was tested in one chordwise position with a set of fins approximately
two-thirds the area of the original set.

TESTS AND METHODS

s

The angle of attack of both the airplane and bomb and the position
of the airplane with respect to the bomb could be remotely varied in the
plane of symmetry during tumnel operation. (No lateral movement or yaw
angles were obtained.) Hence, for each run the bomb was located at one
chordwise (x) position. During each run the fuselage and bomb angles of
attack were set at nominal values and the wing-fuselage model was then
moved through a series of vertical positions. The angle of attack of the
airplane or the bomb was then changed and the position of the airplane
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with respect to the bomb again varied. The nominal ranges of angles and
positions are shown in the following table:

Angle of attack|Angle of attack Nominal
Bomb| of alrplane, of bomb, x-values, in. z-range, in.
deg deg d
1 i 0, 5, £10, *15 -2.55, 2.% 0 to 6
0 0, *10 -2.8, 2.7 0 to 6
8 0, *10 -2.67, 2.83 0 to 6
2 L 0, 5, t10, t15| -2.55, -1.05, 0.7, 0 to 6
2.9, 5.9
0 0, *10 -2.8, -1.3, 0.7, 0 to 6
2.7, Do
8 0, *10 -2.67, -1.17, 0.83, 0 to 6
2.83, 5.85
3 L 0, 15, €10, £15| ~0.05, 1.85, 5.85 0 to 10
0 "0, *10 “Oudk; 165 3.6 0 to 10
8 0, *10 -0.17, 1.73, 3.73 0 to 10

The forces on the models in each position were recorded. Both the
bomb and the airplane configurations were also pitched in an interference-
free position to obtain the force characteristics of the isolated
configurations.

For all tests a 1/4-inch-wide strip of no. 60 carborundum grains
and shellac was located on both surfaces of the wing at the 1O-percent-
chord point and on the fuselage and bomb nose 1/2 inch from the tip in
order to insure a turbulent boundary layer.

Inasmuch as the bomb-support system was relatively flexible in the
1ift direction, calibration of change in bomb position =z and bomb angle
of attack o with bomb 1lift and pitch were made during balance calibra-
tions. The bomb-position corrections were calculated based on loads
measured in isolated bomb tests for the nominal bomb angle and were
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included in the precalculated values of 2z by which the bomb-airplane
positions were set. These corrections were small, 0.060 inch at the
maximum.

The corrections to bomb angle of attack were not applied in advance
to the angles used. Instead, the corrections were introduced into the
computing equations. The actual value of o for each point was computed
for the loads incurred and was then used in the resolution of forces,
Plots of actual o« (computed) are shown in figure 3 for the three bombs.,
The nominal values which were chosen to be used in subsequent figures
and in the drop-path calculations are shown on each plot. ©Since it
appeared possible that the bomb support strut and the slot at the rear
of the bay (fig. 1) could affect the flow and cause erroneous results,
for one check run a filler block which supported the bomb sting and bomb
in the bay without the strut was provided for this slot. An indication
of the interferences produced by the bomb-support system can be obtained
from figure 4. The single data point with the bomb sting supported from
the rear of the bay agrees well with the curves from data taken in the
usual manner., This result indicates that inaccuracies due to this source
are small, at least for the zero angle-of-attack condition shown in the
figure.

In order to determine the effect on base pressure of the large diam-
eter of the bomb sting or balance shield, a smaller diameter sting (with
balance removed) was provided for one run. The base pressures thus
obtained are compared with base pressures obtained in the standard manner
in figure 5. Although base pressure is shown to be affected by d/d',
the shapes of the curves for the two cases are similar. The maximum dif-
ference shown in this figure corresponds to 0.05 in bomb drag coefficient.

Precision of Test Data

The repeatability or relative accuracies are estimated from an
inspection of repeat test points, zero shifts and static deflection
calibrations to be as follows:

H Ml 5 5 5 5 5 & & 5 % 6 & ¥ 5 4 & 586 4 » R B 4 6w g e HO05
y, in. ° ° e ° ° e ° ° ° e ° ° ° ° e L] L ° e ° ° ° L] ° ° ° ° ° ° to‘lo
Z, in' e L] ° e ° L ° o ° o e ° o o ° o ° ° ° o Ll ° o o e o ° L] ° i-o.lo

Bomb:
CD.b e o o o © © o ©® ©® © o ©® © © e © © © © e °® ©o © e ° o o o o i-o ° Ol

CL‘b e © e o e o ® © © © © © © © o 6 © © © o e © e e © © e o o to ° 05
Cm—b ° ° e ° . ° [ ] ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° ° to ° 03
G;b, deg © o ®© ® © © © @ e © © ® © © © o ©° © ©® © © ©° o © o° o © to . 10
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Wing-fuselage:

CD « o o o o o o o« o o o o o o o e o o o s e o e o e s e« .« to,001
CL..Q‘....C..l....'...l..‘O'....t0.002
Cm...l‘..l.....I.'l.“...il.lll.i‘olool
(I.wf,deg..-...-.‘-..-..............to.lo

RESULTS AND DISCUSSION

Basic Data

Isolated bomb and wing-fuselage data.- Lift, drag, and pitching-
moment data for the three bombs are presented in figure 6 for angles of
attack up to 150. Data are included for bombs 1 and 3 with and without
fins and for bomb 2 without fins and with fins of two different sizes.
It should be noted that the bomb pitching moments are in all cases
computed about the bomb nose.

Plots of bomb force coefficients.- Lift, drag, and pitching-moment
coefficients for bombs 1, 2, and 3 in the presence of the airplane con-
figuration are presented in figures T to 14. A convenient index to con-
figurations and figure numbers is presented in table I.

The basic data are presented in the form of plots of coefficients
against the vertical distance between the bomb midpoint and the midpoint
of the bomb bay (on the fuselage center line). The data for seven bomb
angles of attack at an angle of attack of the airplane of 4° is shown
in the left-hand part of each figure. From this comprehensive data,
contour maps of bomb forces and calculations of bomb drop paths can be
made. The data for three bomb angles of attack at airplane angles of
attack of 0O° and 8° is shown in the right-hand part of each figure.
These data provide less complete information at these airplane angles
of attack and serve to illustrate the effects of changing this angle of
attack.

The effects of bomb position, bomb angle of attack, and airplane
angle of attack on bomb forces are clearly shown in these figures. In
order to illustrate the effect of bomb fins and the effect of the wing
on bomb forces, figures 15 and 16 have been prepared from data of the
previous figures. A comparison of the force data on bomb 2 with small
fins, large fins, and no fins in the presence of the wing-fuselage com~-
bination is shown in figure 15. Also shown in figure 15 are the force
coefficients for each isolated bomb configuration at each angle of attack.
The difference between the curves for the various fin configurations is
shown to be equal roughly to the difference between the interference-free
values of the corresponding coefficient for values of 2z greater than
about 2 inches. The character of the curves is generally similar for the

13
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three fin configurations. Similar results have been found for the other
bombs (1 and 5, see basic data figures) which were tested with and without
fins.

A comparison of the forces on bomb 3 with the airplane wing on and
off is presented in figure 16. The wing is shown in this figure to have
an important effect upon the bomb forces although the basic shape of the
curves remains similar. At x = -0.4, the effect (shown by the difference
between the curves for wing on and wing off) is significant even when the

bomb is within the bomb bay (z of O to 2% inches approximately), beconmes

a maximum after the bomb. has completely emerged (z of & %0 5 inches),
and decreases slowly as the bomb is moved still further from the airplane.
For the further rearward position of the bomb, x = 1.6, these effects
have shifted to larger values of 2. The direction of the drag, 1lift,

and pitch increments incurred by the bomb at the higher z-values is
explained by the downwash produced by the wing at this airplane angle

of attack (4°).

A quantitative evaluation of the effect of the wing on a bomb drop
path has not been made. It seems likely, however, that the effects
indicated are large enough to require that the wing be properly simulated
in model tests such as those reported herein or in model drop tests.

Plots of wing-fuselage force coefficients.- The 1lift, drag, and
pitching-moment coefficients measured on the wing-fuselage combination
and plotted against bomb position 2 for the three bombs investigated
are presented in figures 17, 18, and 19. It will be noted from examina-
tion of figure 1 that some interference would be produced by the bomb
support strut on the wing-fuselage combination. This interference has
not been isolated and is included in the data shown in figures 17 to 19.

Although no evaluation of the effect of the interferences as measured
on the airplane flight path has been made, it is believed that such
effects would be small. It should be noted that the results presented
in figures 17 to 19 are for a wing-fuselage combination without a tail.

It is expected that the effect of a bomb on a horizontal-tail surface
would add significantly to the interference forces measured herein.

Contour Plots

Figures 20 to 25 present contour maps of each coefficient for bomb 2
and bomb 3. (From figs. 9 and 12, see preceding table.) The bomb mid-
point is the reference point (the point at which the force coefficient
is plotted) for all contour plots. The bomb and bomb bay are shown to
scale on each plot.
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These contour maps, in general, show rapid changes in bomb forces
and moments with 2z and x. The data in this form illustrate well the
complexity of the flow field in which the bomb is located. An evalua-
tion of the effect of these measured forces and moments on the bomb drop
path can be obtained only by utilizing these data in the calculation of
bombh drop path.

Drop-Path Calculations

Measured bomb forces and moments, as presented in this report, have
their principal use in the calculation of drop paths. In order to illus-
trate the manner in which these data can be used, a series of calculations
has been performed for bomb 3. The effect of some of the primary vari-
ables, such as altitude, bomb attitude, ejection velocity, and weight
have been treated. The cases calculated represent a brief illustrative
analysis rather than an exhaustive one.

The calculations were performed in a magnetic-drum electronic data-
processing machine by using the equations presented in the appendix and
the data presented in figures 12 or 23 to 25. Full-scale conditions are
assumed, the model data being considered as 1/20 scale.

The variable parameters are as follows:

. . Bomb moment Ejection
Figure 8o, deg Releasefiltltude, 2y, in. Bomb weight, of inertia, velocity,
1B 1b-sec2-in. ft/sec
26 b 0, 10,000, 15 1,750 5,176 0
20,000, 30,000,
40,000, 50,000
27 b, 0, 4, 8 10,000 15 1,750 5,176 0
28 b 0 45 1,750 5,176 0, 10, 20, 30
29 4 10,000 45 1,750 5,176 0, 10, 20, 30
30 L 10,000 15 875, 1,750, 5,176 0
: 2,625, 3,500
31 " 10,000 15 1,750 2,558, 5,176, 0
7,76k, 10,352

The figures listed in the preceding table also show bomb positions x
and z; and bomb attitude angle © plotted against elapsed time after
release. The sketch within the figure shows the bomb release path with
bomb position and attitude drawn to scale for each O.l-second interval of
time. (The time interval for the calculations was generally 0.0l second;
in some cases, 0.005 second.) The bomb-bay outlines are also shown.
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Effect of release altitude.- Figure 26 presents drop-path data for
six altitudes from sea level to 50,000 feet. The low-altitude drops are
characterized by rapid rearward movement because of the high drag at the
high dynamic pressures. At sea level and 10,000 feet, collision of bomb
fins with the rear of the bomb bay occurs, whereas at an altitude of
20,000 feet the release appears to be marginal. At 30,000 feet and
above, the rearward motion of the bomb is reduced to the point where the
drop appears to be safe. Although the overall changes in bomb attitude
angle which occur are of similar magnitude for all altitude cases, the
variations are of higher frequency and reach higher positive values at
low altitudes. The tendency of the bomb to remain at higher positive
attitude angles at low release altitudes (in the particular cases cal-
culated) tends to make the problem of low-altitude release worse by
decreasing the vertical velocity of the bomb. Bomb-release attitude is
therefore one of the variables to be considered.

Effect of release attitude.- Figure 27 presents drop-path data for
four initial bomb angles of attack (-4°, 0°, 4O, and 8°) for an altitude
of 10,000 feet. This figure shows that the release is not improved by
giving the bomb either positive or negative incidence with respect to
the airplane. The release is in most cases made less desirable as a
result of the large angular oscillation induced by either positive or
negative incidence.

Effect of ejection.- Drop-path data calculated for four ejection
velocities (0, 10, 20, and 30 feet per second) at two altitudes (O and
10,000 feet) are presented in figures 28 and 29. In these cases, the
ejection mechanism was assumed to release the bomb at 2z = 45 inches
(corresponding to a 30-inch ejection stroke) with the specified downward
velocity (in the z-direction). The angle of attack of both bomb and
airplane was L4°,

For the case for an ejection velocity of zero, the bomb at either
altitude moves almost straight rearward and collides with the bomb bay.
For all cases in which an ejection velocity of 10 feet per second was
assumed, the bomb clears the bomb bay. This result indicates that the
release of a bomb from a point below the airplane may not produce a
satisfactory release at low altitudes. Imparting a downward velocity
to the bomb also appears to be necessary.

It will be noted that, although in the case for an ejection velocity
of 10 feet per second the bomb clears the bomb bay, the rapid rearward
motion of the bomb makes this drop appear somewhat marginal, particularly
for the lower altitude. For the cases calculated, an ejection velocity
of 20 feet per second or greater appears desirable. The drop paths for
the bombs ejected at the higher velocities at low altitude compare favor-
ably with the drop paths obtained without ejection at high altitudes.

In this investigation, no attempt was made to simulate the ejection
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apparatus, which as indicated in reference 4, can have a large effect
on the bomb forces and the resulting motion.

Effect of bomb weight.- Figure 30 shows the drop paths for four

values of bomb weight (1/2, 1, l%, and 2 times the original weight of

1,750 pounds/ for an altitude of 10,000 feet. As might be expected,
increasing the bomb weight improves the drop characteristics by increasing
the downward motion in relation to the rearward motion. For the cases
calculated, a bomb weight of 3,500 pounds or twice the original weight

was required to alter the drop path from unsatisfactory or marginal to
satisfactory.

The plots of © show that the angular motion increases in magnitude
as the weight is increased; however, because the angular moment of inertia
was not changed for these different weights, this result must be due to
the fact that the bomb incurred a different schedule of pitching moment
on the different drop paths. (See fig. 25.)

Effect of moment of inertia.- The'results of drop-path calculations

for four values of bomb rotary moments of inertia (}/2, 1, l%, and 2 times

the original value of 5,176 lb—secg-in.) are presented in figure 31 for a
bomb weight of 1,750 pounds. Bomb moment of inertia is shown in these
figures to have insignificant effect upon the bomb flight path. Bomb
angular motion, however, is progressively decreased both in magnitude

and frequency as the moment of inertia is increased.

CONCLUDING REMARKS

Forces and moments have been measured at a Mach number of 1.6 on
bombs of three fineness ratios and on a swept-wing fighter-bomber airplane
configuration for a great number of positions of the bomb under an open
bomb bay. The results show that the interference forces and moments
imposed upon the bombs by the alrplane are large and change rapidly as
the bomb is moved through the flow field. The wing is shown to have a
gsignificant effect on the bomb forces both before and after the bomb has
emerged from the bomb bay.

Calculations of bomb drop path were performed for one bomb (using
the force data) to show graphically the effects of release altitude,
bomb attitude, ejection velocity, weight, and moment of inertia. The
results showed that obtaining satisfactory bomb release at low altitude
is made very difficult by the rapid rearward motion of the bomb resulting
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from the large dynamic pressures. Releasing the bomb from a position
just below the bomb bay did not improve the release without the addition
of an adequate ejection velocity.

Iangley Aeronautical Iaboratory,
National Advisory Committee for Aeronautics,
langley Field, Va., August 23, 1956.
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APPENDIX
EQUATIONS USED IN THE CALCULATIONS OF BOMB DROP PATHS

With a knowledge of the static forces and moments acting on the
bomb due to its position and attitude in the airplane flow field and
the forces and moments arising from the translational and rotary motion
of the bombs, the release path can be determined by a step-by-step solu-
tion of the equations of motion. In order to approximate a true inte-
gration, it is necessary that a small time interval be used. Since the
rotary motion is the most critical, it has been found (ref. 3) that a
practical criterion for the time interval is that it produce corresponding
angular changes not exceeding three-quarters of one degree (time interval
0.01 second or less for the cases studied).

The forces which produce accelerations of the bomb in the x- and
z-directions and the moments which produce angular accelerations are:

FX = CDb qF

u
F, = W - (cLb #Cp tanl —Z)qF
Lo, U

u - 1! 61
Mg E:mb # 0y bl 4 (cLb # Cr,, tan U)T + O 23 qFl

where C and C are from contour plots and C and C are
Lb mb ¥ LCL'b md;b

from isolated bomb data. The value of the damping coefficient Cmq was

obtained by the method of reference 7.

The velocities produced by these forces and moments are:

FX n-1 At
Ugg = ux,n-l * m
F At
_ z,n-1
Uy = uz,n—l * m
. . 57.5M, 1 At
9 =81 T
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The corresponding motions or displacements are given by:

F At?
B 1 _x,n-1 At
XS X +F7 m Uy, n-1
2
F At
1l fz,n-1
7=z g + 5 ——— + Uy 5 A

57.% Mp_1 A2,

6 = en—l + = T + en-l At

where

F force in direction indicated by subscripts, 1b
M bomb pitching moment, in.-1b

W bomb weight, 1b

m bomb mass, W/g, lb—secg/in.

I bomb moment of inertia, 1b-sece-in.

3Cyy
C damping coefficient = ——
gy 3 81
2V

6 bomb rotary (angular) velocity, deg/sec

W airstream velocity, in./sec
At time interval occurring between successive bomb positions

15

and the subscripts n - 1 denote value from previous point in step-by-

step calculations, and O denotes zero time.

The geometric and aerodynamic parameters assumed for all cases (full-

scale conditions, bomb 3) are as follows:

o = 1O Xo = O 1 =182 in.
_ - 1!

CLy, = 019 Uge = O =05

Cmab = -0.11 Sb = 3.69 sq ft
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— Positive angles

---- Negative angles

Nomina!l angle of attack:

2
(deg)
153

10.2

5.1

Actual bomb ongle of attack,a, degrees, positive or negative

e}
4 6 0 2 4 6
Vertical location of bomb midpoint, z in
(a) Bomb 1; (b) Bomb 2; (c) Bomb 3;

X = =2,55 inches. X = =2.55 inches. X = =0.15 inch.

Figure 3.~ Actual angles of attack (calculated from deflection calibra-
tions) for three bombs. Nominal values of angle of attack ap chosen
for use with the corresponding force data are shown. Onrf = 40,




22 | BRNFETENESadly, NACA RM L56I18
6
/\
4
CDb
2
—Bomb sting mounted
. on strut (figure |)
0o o Bomb sting mounted
from rear of bay
4 —
C""b 0o o//\b
\./
-4
4
Lb (0] O—|
-4 S S~ _
0 | 2 3 4 5 6

Vertical location of bomb midpoint, z , in.

Figure L4.- Comparison of forces measured on bomb with and without bomb-
support strut. Bomb 2; large fins; x = 0.95 inch; ayr = 0%; Gy, = 0.
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Vertical location of bomb midpoint, .z , in.

Figure 5.- Comparison of bomb base pressures measured with support stings
of large and small diameters. x = -2.55 inches; ayr = 40; bomb 2.
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Figure 6.- Aerodynamic characteristics of the isolated bomb.
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Bomb drag coefficient, CDb

Bomb lift coefficient, CLb

Bomb angle of attack, a, , deg

(b) Bomb 2.

Figure 6.- Continued.
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Bomb drag coefficient, CDb
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Bomb drag coefficient, CDb
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Bomb pitching — moment coefficient, C
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Bomb pitching — moment coefficient, Cmb
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Figure 10.- Force data for bomb 2 in presence of wing-fuselage combina-
tion. Small fins on.




NACA RM 156118 55

|

Ayt X ay, b @ b i
{deg) (in) (deg) (in.) {deq) [
4 -105 153 ~1.30 10.2 il

10.2 0

5.1 -10.2 |4

0

~-5.1

—1LI7 102 j3
0

-10.2 ;
s "
i !
1
i i "
i
il
F i
© i !
. Hill
2]
S |
- 31 H
E 15%. 7]
@ 1 i
8l ,
i
-
£ i
o H
[S i
a°3 i I !
i
3
: i
1]
| !
i
i
!
i
JHih] i
1
i Uit H il
24 i i i i S
[0) 8
0 2 4 6 8 10

Vertical location of bomb midpoint, 2z, in.

(a) Continued.

Figure 10.- Continued.




@
=
=

\O
0
-
<t
2
=

O
[fQ

-
(in) (deg)

_"30 10.2 i

Quf |

(deg)

—~ O

Y

—LI7 102
0
-10.2

- 8

R

ke

R

5 qusiolyye0d  uswow — Bulyopd  quog

mn.

Z,

ijon of bomb midpoint,

locat

Vertical

a) Concluded.

(

Figure 10.-

Concluded.




7

[e0]
1
[
\Q
[T
-
S
<
=

ac .
D uatd1ge0d

boip. quiog

n.

z

location of bomb midpoint,

Vertical

inches.

inc

80

-2

= =2.55 to

(a) x

Figure 11.- Force data for bomb 2 in presence of wing-fuselage combina-

Fins off.

tion.




58

Bomb lift coefficient, CLb

NACA RM L56I18

Ayt X

10.2 i ——
: e

—t—

' (deg) [ deg) (in) (deg)
163 ! - 0 =2.801i02

-8 -2.67 102
0

)

0

-102 [

2ot
i
L
G
]ﬁg%%ﬁﬁm%
i B
T

T

10

0 2 4 6
vertical location of bomb midpoint, z in

(a) Continued.

Figure 11.- Continued.




NACA RM L56I18

Lyt X @ ;
(deg) (in) (deg) h i (deg) (in.) (deg)
4 =255 153 gl -&— O -2.80

10.2 ] Hhh ——

5.1 i -

o | :

i -8 267 102
-02 T 0
153 i

Bomb pitching — moment coefficient, Cmb

0 2 4 6 8

Vertical location of bomb midpoint, z in

(a) Concluded.

Figure 11l.- Continued.

59




60
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Bomb drag coefficient, CDb
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Bomb drag coefficient, CDb
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Bomb lift coefficient, CLb
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Figure 14.- Force data for bomb 3 in presence of fuselage. Fins on;
wing off.
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Figure 14.- Concluded.
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Figure 18.- Force data for wing-fuselage combination in presence of
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bomb 3.




NACA RM L56I18 109

Cyf X %
(deg)  (in) (deg)
o 0 -040 S
o4 -015 - 10
& 8 -027 ——-10
12 F
Méﬁ .
S Jo| o YT T
5
£ 08
[13]
3
g o6
.Z %‘E:{ — £} 3
g
f%_’ 04
2
= 02
0 ! 2 3 4. 5 6 7 8 9 10

Vertical location of bomb  midpoint, z, in.

~ (b) Drag.

Figure 19.- Continued.




110

NACA RM L56I118

02
E
(&)
E 0
Q
5
38 —02
5
IS
€ —04
o I,
£
=y
o
3 —06
&
o
[}
£ —08
g
=

—i

0 8 9 0

Vertical location of bomb midpoint, z, in.

(c) Pitching moment.

Figure 19.- Concluded.




‘ot = 0  ‘uoTyeUTqEOS 9FeTOSN]
-JugM ay3 JO ooussaxd uUT Z quwoq JO 4JIT 8yl Jo sotd anojuo) ~°0g SInITL

111

‘ST = % ()

u X ‘podpry quiog  Jo UOIDIO]  [DJUOZIIOL

al ol & 9 4 l ) - -
o
3
o 8
S
NN g
S
N | 77
73 2 g S
\ 1y / bz W
S
N ///@V/mm.\!l \ 3
¥ / 77 r
& v — T ,w
////m,m —~ 1 n@/ 3
S — N
w//ﬂ N S
// l..L.l Z N
A L o
\ 7 U\/ ™~ m.l.nl....ﬂ
I T~ S .

2 obpisny =

e0]
—1
—
O
[
=
S
=

? Aog quog



m *penuTiuO) -°0g SMITI
bra)
| 00T = % (q)
=
m w ‘x  ‘uodows quiog  Jo UOIHDIO|  [DRIOZLIOH
= gl o g 9 v 4 0 a- -
o
m%,
28
= Sy
~ mr
~_ S
= aU_ 9 S
—
R A )
=== V :
/\I
S R 2
~ o bS;
S NhoanaNl
L
| 2 1/1 . 37 N
~J3 =3 \m,\\\\\l)
/% = &\\ 5 S
Nl' \J./ : 5
| I —— —
(|~ [ T o
? %Qmw@HNT.! i S /!W.!!\.\ 0 ztm

? Aog quog

112



XG

=
g
Bomb bay ¢ 5
2
&
—— 2
QM# 1 Tt —1—_1< Fuselage ¢ E
= T — 3
::‘5:\"2- \"/ t 0\\) I
== |
7 R e |
N 7 = ”/:ﬁ _\\'{\ Aa\'/\\a
T T —— A XNp
g, N
RS )
g T T
E 36 ( C \.&_\§’ %
w 6 "
S NG N
3
N N
g &
3
0
4 -2 0 2 4 6 g 10 2

Horizontal  location of bomb midpoint, X, in.

(C) Qp = 50.

-
-
N

Figure 20.- Continued.




NACA RM L56I18

- commm

11k

al

ol

8

*panuUTAUO) -°0g SMITI

‘0 =% (p)

w ‘x  ‘JIogbl  quiog  Jo UOHDIO|  [DJUOZIOH

Nl

S
|

9 t g 0
\

Q

©

/| /

7S /ouh / i -
KRN - —
LA ™
A {
T
e~

S+ ©
w7 Jodpy quiog  Jo UOHDIO  JOIIIN

/
v/

3 abojpsny =1 o

NV

? Abg quog

Q

L

S
S




Bomb bay ¢ =
Q
35
g [ g
‘*“""~—~—~-m_wn_¢§fFU“%%W ¢ o
_ &
//f |
e L
2 =" %}? J\
£ NN i >”’ -—
N E&g \—.\_'&J
Y T=6=L : E: N
3 : =z NAA
¥ e =Y
E Y /\:6\‘ s
5 N (e~
N [ =68 \ By-7 3 i
56 i B
._§ Tozs
5
Q Ia—
L g (L;_ ‘7\ \
S
,_‘%
3
0 :
—~4 -2 0 2 4 6 8 10 2

Harizontal  location of bomb midpoint, X, in.

(e) o = -5°.

et
fd
N

Figure 20.- Continued.




‘penuTjuo) -°0g SIMITA

O

]

3

R o0T- = % (3)

—

m £ €

o w ‘X ‘odpls quiog Jo UOWDIO]  [DIUOZUOH

= -2 ol 9 9 w z 0 - b—

= o
—— 7 g

A
L

<
w7 ‘odpny quIog  Jo  UOHDIOl  JOIIN

3 abojesny = T

3 Aog quog —

O
—
—



Bomb bay ¢ %
s
L =
=&f° T T
quﬁ 0 ”“*““‘*“m———-__zﬁfFU*%%w ¢ E?
I N o)
| an
2 e \
g —~
- / S L ~L A
“1B.
T LI ~/g_
g , \//L \\\?;—455\
X — ==
N N = e
E — = ‘. —
8 \-/. ?‘5\\\ @A \B \.;75_ 19—
“G 6 =78 e
"J y ..-<._/ ;5_//
S %
8
RS Se— 3 . /
~ & ’
3
S
0
-4 -2 0 2 4 6 8 10 2

Herizontal - location of bomb migpoint, x, in

?

(g) @ = -15°.

}.J
}_I
-

Figure 20.- Concluded.




ot = *UOTYBUTAWOD aFBTISNT

G -gutA 9y3 Jo soussaxd UT 2 o,son Jo Beap ay3 Jo 30Td anojuo) - T2 mpdwﬂ.m
/WT.M,
m ‘oGl = W ()
m w ‘x ‘ulodpry quiog  jo UOHDIO|  [DHUOZIOH
= 2/ or 8 9 v z 0 Z- -
3
y.
a, g R
S~ 6 =10 Ny
$26"\ ]
e S
Q
; g™
/ ) Q\
~_ NN v S
[ DS .m
”NNMM.I// ~Lor S
S N
TS —— S
[ ——— d
B e —
/ /N\Mwwlf )
L~ - .
o M N N b - IR
2 obpjasny -— L0 owuméu

118

? Apg quog



Bomb bay ¢

e e —— .__zﬁifﬂ*%%m ¢

=
>
Q
=
[
\J1
(&
[
‘_l
Co

I

[0}

Vertical focation of bomb midpont. z, in.
o
3N
iy
)
o

0
-4 -2 0 2 4 6 & 0 2

Horizontal - location of bomb migpoint, x, in.

(b) o, = 106.

61T

Figure 21.- Continued.




-penuTquUO) -*Tg OIMITI

o0

& q

R o6 =" ()

=

m w ‘x ‘uodow quIog  Jo  UOHDIO]  [DIUOZLIOH

3 a- r—
M cl o 8 m, 4 l 0 o

)

©
w7 ‘wodpy quiog  JO UOIDIO]  [DIHIN

N 2
R4
~
127 A
] N )
/.“‘ WAYWIHI” // b
ezl
~gp IS N
e
e /NN
F—~F — g
|
! lu = =
L 4 —— A
3 abopsny — L e Ly .
? Aog quog

@)
Qq
—



X917

=
Bomb bay ¢ =
p=d
=
47— Jo
Quf = T e
Wit 0 e[ [ Fuseloge ¢ o
/”‘_.‘”-J\§// K ] : @
=< o5l
sl
~— % |
2 T J-Z N — !
. — e ——_———
S I — 4%\\\~
N P~
.5 ™~ I—
" —— 475. —
€ | — T
g p \\.55.\/, T
S e, /kS\\\ P
.57.5\
Q
&
3 525 LT TN N D
5 6 @ =
S .
§ \ .d\
L
< &
S
3
L \
N
0

~4 -2 0 2 4 6 8 0 2
Horizontal  location of bomb midpoirt, X, in.

(d) oy = 0°.

=
n
=

Figure 21.- Continued.




122

Bomb bay ¢

NACA RM 156118

Wz uodony Quiog  Jo UOHDIO  JOJHIN

N
Q
© .
z_‘ iy
| ) S
1 _\\ \m\ \w\ M = a
T R G
wr i pimmm N
AL
L I/ /i
N e .
N
\0 o + © @ @A_v




Bomb bay ¢ E
=
o £
it 0 = l—— Fuselage ¢ Eg
& /1 —— - \
7 ~ ~
- 2 _’?E ( \t'.zzi « N \
IS NSO #3
N — ~e=
e \\7
S N e N
S4 ——
= \'5__—-—-——\—
I i s e —
§ 75N e
O~ s
kS 6 UDA =17 70\
§ T
S
S N
s &
:§
Ry
0
-4 -2 0 2 9 ‘ 6 & 0 2

Horizontal ~ location of bomb midpoirt, X, in.

(£) o = -10°.

=
N
N

Figure 21.- Continued.




ee!
—
i~
Nej
I8
=
5
<<
=

124

pepnTouc) - Tg 9aNITd

oG- = % (3)

WX IodpM  qUIOg  JO  UOHDIO|  [DJUOZIOH

-~ V|

o/ g 9 4 A o Z o
s
)
W.
g R
~5207 S
% v.\/n/@mw 2
~x07 m
- N - ST g™
T lf///uQm\ T S
I~ D <A 3

7
e, | 3
—o o =+ §
TR0~ e
N&.//w\ —~ wr
.~ - T J
~ T —

o NS P N

\ _ 5

/ —
A
/ _
?  abopsn4 T

3 fog quog—~]




‘off = 0 -uorjeurquoo oFeresng-Sulm oYL
Jo soussoad ur g qwoq Jo suswow Suryoqld oyl Jo 20Td Janojuo) -*2z oaITg

125

oGT = o (®)

WX Jodpld  quiog o UOHDIO)  JDJUOZLIOH

g 9 t l 0 g- -
al o/ o

/

/

Q
~t
1
I

/
©
W Z Wogbny quiog  Jo  UOIDIGl  JDIIN

77

\ &

./

7./ WA
|
o

v

IAN

il
|

|
x!/
|

3 bojesny =

«Q
—
L

\O
n
[
S
=

? Avog quog



126 NACA RM 156118

2

0

_.__4___h_ziffisabg€ ¢
2 \_/
—
—

a—
\_
§- L
PN

7\5
j

(b) Q,b s loo.

Figure 22.~ Continued.

Bomb bay ¢
7-‘?{
]
/
!
!
-]
\
Q
-
\’\ ~
(3
AN
S~
2

Herizontal  location of bomb midpoint, X, in.

7
65—
<=4

%

T
=2

Q NV Ay © %

£,

0

U7 ogbu quiog  Jo  UOHDIO  JOULIN




TpeNUTRUO) -°Z2 SMITH

P
[V
!

‘of = Qp (@)

X ‘gl quIog JO  UOHDIO]  DIUOZIIOH
zl ol 8 9 4 g 0

N.I

3 abojpsny =

NACA RM I156I18

? Aog quog

\ V/
v

a

]

©
W Z ‘odpny quiog  Jo UOIDIO [0

V

oy

/Q
.0

ki
S




-peNUT4UO) -'gg 9IMITI

o0
O
hra) 00 =% (p)
-
z w ‘x ‘uiodpw qQuiog Jo UOHDIO|  [DIUOZIIOH
<3 ‘
2 al o 8 9 4 g 0 - VIQ\
) f //
I o— 3
74 T 3
g L
5 %0
{ 9 S
/h/\ L / . m.
\ | \0,\ = Q e w
= A\////f/,\\\ 58
/..// i o ~ 7 —~50" R S— Q
SIS S 2
\\‘ ‘z
4 ¢ AW,I -~ - d
S——iN
“ “V‘l! ol £ e >
= 25
i pammmestes ——— 0 gt
? Aog quog

128



-penuTauo) -*gzg INITL

[oN
A
-

oG- =W (9)

£

w ‘x ‘ulodps quiog JO UOWDIO]  DJUOZIIOH

8 9 4 l 0 - -
2/ o p
3
S
g L
)
S
S
&)
e 9 =
\
) S 3
S SNy i A il e 5
N : P .
NN q O/N — VW
e fm.]il S o>
Do N
ﬂﬂd/ﬁﬁmﬂ 5
-~ RN ol
e ’
N >
| ~t s
| | -7
. R i
— .I'V.!Iil}r\.w.\
/mm/ 2 abojesr ——— 0 Zlu,
2 ,
hd
7
<
[}
M ? Apg quog

X



-panuTAUOD =T SMITL
0T = @ (3)

w x ‘uodoul quiog Jo UOHDIO]  [OMOZH
| 0
al ol

S EEREEEREREE
pEEEEEEEEEEEERE
EEEEERERES

—
L

\
\\ C -

o]
P}
—
0
0
2
3
<
=4

w 7 ‘wodpny quiog  jo UOHDIY JOSIHN

NV

130

3 Aog quog —]



“PIPNTOUO) -°22 2anItd

131

06T~ = % (9)

w x ‘uodp quIog Jo UOHDOO)  JDj0ZIOL

ol al g 9 4 7 o g- =
a

®

S+ ©
Wz odpiy quIog  Jo UODOG) JDIII

A

2 abojesry =
7,

|
|
|

i

f——

? Apg quog

e0]
—
)
\Q
[T
|
S
=



‘ot = o -uoTyBUTqWOD SFBTASNI

= -SutM oyg Jo oouesaxd ur ¢ qwoq JO 3ITT U3 FO 10Td Jnojuo) -°¢g INITI
o
m ‘ST = % (®)
m w ‘x ‘plodous quiog Jo UOHDIO]  [DIUOZIOH
=i 2/ or & 9 14 l 0 - vIQ\
I
S

)

'z ‘odpy quiog  Jo  UOHDIO  [DIIIN

©

,,,,,

Ay

\\ ll]k\lliﬁ,.k\l\lnl\\
; 97 A)ifumm
[ _ At 5
T AT T
// ™~
- N
Fj mmm\mmakult.l ..lulniri 0 eLm\zm

——lk

? Avg quog—1

[8Y
N
1



133

@
—
~

\O
0
i
3
.M.

Zl

*pInuUTRUO) -°¢Z 9MITH

00T =

550] Ao,v

w X oG QUIOG  JO UOIHDIO]  [DIUOZIIOH

o/ g 9 4 b4 0 - viQ\
,/wwﬁﬁll\\\\\\\
27 /
wﬂ» )
7/ T w
R % =~
g. &
~IAK J u w :
5/74 9 S
7
— \ 3
2 777
LR T— N— -
/ /mwf-!.l.l X N
\ /v.u T —|— _] 2 3
T
L N D /NVW ///
0N L
T T T
?  abojesn :ll!:ll!rll!mﬁka&&
? Aog quog




Vertical location of bomb migpoint, z, in.

Bomb bay ¢

i e Fuser
\‘— ——= uselage ¢

f
2 o = I — —=
—— _
. - !
- = (5 4 \§ =3 J
4 i — e
‘\N“ [ e
&\.425\_§
I—— g ~ 55— A
‘\ [
6 , - >\
AN # \\\
4 5
g —] NI 1
AN ~ g
~N
s
0 L] ~.6. (
-4 ~2 0 2 4 6 & 0 2

Horizontal  location of bomb midpoirt, X, in.

(e) ap = 5°.

Figure 23.~ Continued.

He

g
=
=
\J
[9)
-
s
e+



135

[e0]
-
i

\O
[T\
=
3
=

*PONUTIUO) -°¢T SINITI
00 = W (p)

W X oG QUIOG  JO UOHDIO|  [DIUOZIIOL

gl o g 9 b4 4 0 c-
. / A
NI
T~ EX
e
pes
£33 v
/l'l\l\.\\.\

—g/t

7 —

e

|

—%]

5 v y s

- “\h...
[ \1\:
_ - .1 17 T~
| — ¥ ~
i N
[ \.n!l.’ulllihl!!lll|\\.\\
. Irfﬂl\
3 abojesny = e L

? Aog quog

a

©
Wz uodonuy QUIoG  JO UOHDIO  JOIIN

©

V

N

v

IQ

0.

i
[
§§




Bomb bay ¢

9¢T

@y f = A

i —T e Fuselage ¢
f
2
ES
N ——n
. N B \ .
S T \
§4 = s ‘
g S i e e 27 B BN W :
< D e S A ~—
S P —
Q L] <135~
56 NSNS
: NGNS
.‘%
3
S
3° =)
E \'.05
< O~
5D

OF )

10 C :
-4 -2 0 2 4 6 8 0 2

Horizontal  location of bomb migport, X, in.

(e) Up = -50.

=
=
Q
=
i
\J
[O)
=
l_J
o

Figure 23.~ Continued.




N~ *PenUT4UOY -*¢2Z SIMITA
Al
0T = W (3)
WX WO qUIOG JO UOHDIO]  DIUOZUOH
cl/ of g 9 4 c 0 - le ’
597-
///\\.///
//m,.\ / f%
Mmm./// o ]
Ny
/ 61/ n@//, §
/ g/-]
™~/ .\nl// 19 UJ
97- 4
M~
= D | |3
LA — — P S
o~ NHV > ﬂl - 1 w ,
r >~ RC77 - S |
\ e s
\ e
! N
4
[
—
3 abopsny = e S — 0 b a@\

|
L

9 Aog quog

[eo]
—
=

\Q
TR
=
<q
O
<
=

8X



138

Bomb bay ¢

NACA RM 156118

2

0

! <
3 1S
_,w. 2l ° m, ,mw
[ T g o 9
| \ \ g © 4
_. ) g ! 2
A T ¥ 8 TR
| il :
. /, \ Qfﬁx f.\.. © © mwb !
\RR IS N @ IN N
\ \\\ \. Y \ S o«
\ \ / H \\\M\\ vy @ :
\ \ N ﬁ.\\\ \ =
i \ &W\Jﬂﬁ\\\e mWw 0 7\,« . W _Wo
SR 9.».4 N S
LN AR
7 T 9 I
NS
“ | |
| V!
: |
\ S o
! . ]
N\
| J .
\0 Y %+ © © Q!
Io U7 odpr QuIog  JO UOHDIO]  [OIUYIN




Bomb bay ¢

e —

a = 4°
wa~

|
|

A s Fuseloge ¢

=
’,‘5
g
(o
\0N
(o)
=~
!.X
Qo

N
/

Ay

A

Q
/
4
8

Vertical location of bomb rmigpont, z, in.
o
©
=
)
™D
N

) Q75

Up, = 1025
b \ A 0\\
0

-4 -2 0 2 4 €6 8 0 V4
Horizontal  location of bomb midpoirt, X, in.

(a) o, = 15°.

65T

Figure 24.- Contour plot of the drag of bomb 3 in presence of the wing-
fuselage combination. o = 40,




OKT

Bomb bay ¢

|
|

._*“m~‘~mﬁj£:FMWmm ¢

—_—

)
i/
i
;

I T

-

BN

625

N2

A
/

6285

65
=675

Vertical focation of bomb mdpont, z, .
o)
L/

-4 -2 0 2 4 6 8 10 2
Herizontal  location of bomb midpoint, x, in.

(b) Cbb = lOo.

=2
=
Q
>
gy
N1
()N
~
o
(6]

Figure 24.- Continued.




Bomb bay ¢
R e — __MCTFU“%%W ¢
|
f
RS ] —
g \ — ]
N ~ - Lt "1{" — {
- By x I
g L —
R <] N L
g ’ \\\ \\\f\zx
Q e R
g P
] \\ RN
s 6 X
§ - ™
é \\ wes |
- &
3 N
= 1 A2
§ Cz,s =% ; \J
10 k\\\

-4 -2 0 z 4 6 &8 0
Horizontal  Jocation of bomb midpoint, x, in.

(e) o, = 5°.

Figure 24.- Continued.

2

=

3

=

z

Lo
\J

o))
=~

=

o

THT



Bomb bay ¢

T

S

(=, - P T Fuselage ¢
|
LT
/ S

2 lo— —

§ T T T T
P e 35— |

N < ———«-—3%1-* |
-~ . J75
S S 7 I |
8] ™ N B
s 4 575
&
E /‘ .4\
3
S 6 /\.da\
s T~
S T~
5° %
<

0 :

-4 -2 0 2 4 6 & 10 /2

Herizontal  location of bomb midpoint, x, in.

(@) oy = 0°.

=
Q
Je=
-
\JI
(&)
o]
[
co

Figure 24.- Continued.




143

NACA RM L56I18

al

ol

8

*PeNUTIUO) - °Hg SIMBTL

oG- = I (°)

w ‘x  ‘Jodoy quiog  Jo UOKHDIO|  [DIUOZIIOH

9

4 g 0

N.I

VI.

a

77
. %”/U
cor /” | — —t
: ———
| P——tos —

w7 ‘Jodpy quiog  JO UOHDIO DI

q

2 abojpsny =

|

? Abg quog

. Q o

e —- )




*PINUTQUO) -tz oanITg

@
—
9
I "00T- =W (7)
S w ‘v ‘updo quog jo uoypaol  jpjuozioY
= gl ol 8 9 t g 0 Z- t-
<&/ a
Q\!
2= 3
el s
g X
S
Q
S
G2z S
90" N PRt
T g
=5l Wb Ml
SN
I~ T N
—F X
‘, Pz r mﬂ
" i e s
& —/ s —t - ~
[ _ \\\\. II|.W.\H\|\\\[ \\\ N
L e S
) g — l
\ 4 —
| - |
I S R o
D sbopsny - ) Ww A

. e

Abg  quiog —|

1hly
&,



145

eo]
—
=
\O
[Ta\
=
<
O
<
=

19X

ol

SPOPNTOUO) -°HZ PINTTH
oG- = %o (3)

‘

w X ‘Jogow QoG Jo UOHDIO  [DIOZIIOH

o/ 9 4 l 0 - -
7% -
YW D
ﬂ/ m\\?/ 7 W.
7 g =~
/ q
z7 // 8
~ G | S
I 7 i 99

Ly o — L
52/7 ]

//m,\.\/Nu \ﬂ\ W.
pe— SZ77 B S
=7 7 X
i /Q.N A S
— -T S \ &. — A
{ _ < N
e — -1 w

y 7 Z

\ L/
— |
? obppsny AT . 0 w.w;m
? Avg quog




off = o *UOTHBULQEOD 3FBTOSNI-JULM UL
10 oouesexd ut ¢ quoq Jo jusmow SuryolTd syl JO q0Td Jnojuo) -°Gg SInITd

"oGT = % ()

«Q
P
[

\O
e
i |
3
<
=]

w x ‘uodpw quiog jo  UOWDIO|  [DJUOZIIOH

al o g 9 4 4 0 c- -
] 7
S dr
b M
o S
. S
4% — | wr
W] S
~
. 7
/wﬂ./ ~epr-l | W
. LSF - - "
NS £/- —— \ ,w
o /: L |\..||\\\\|||\|\l Ny
i wa\/s.\.\v ,M
I o <
1 7 \b,.\.\
Ll b A =
T T = ~
7 ]
/ R /
] e AN
3 abojpsny = . e U S S I T

146

7 fog quog—~]



b7
5
5
i)

m L
(a)
u X oy g Jo UOHDIO]  [DJUOZLIOH ,
al o) g 9 |4 4 0 a- 4 .
J T oF a
r96-
——] /7&... W
] 8
i So= -4 [ )
]
- IS S
9%
~ g
/a
L , === 2
- e '3
e g
\ ll Wﬁ o/ {Wf
|././ N
_ , NN s
N

8 \ J;\
: - .¥%ffﬁ Amaep




Bomb bay ¢ %
2,747 0 'i:j::ji: _ﬁ_9<~§—--wm.~__«__~m__4:jEm%m@e ¢
<] /:/7 17/~_h ——— 17
™~ S~ - /L 17 i 7 r
2 N |
% I - J
\-
4 ::I:Lfﬁw:> S
I R e e
e ]
&Q\S’;ﬁ‘:

v
v

Vertical location of bomb midpant, z, in.

7
7{)//
el

0 :
-4 -2 ) 2 4 6 & 0 2

Horizontal  location of bomb midpoint, x, in

(¢) o = 5°.

Figure 25.- Continued.

=
=
Q
=
£
\J1
(o))
H
}_.l
[@e]




2 ‘panuTquo) -°Gg aam3td
=
‘00 = % (p)
W ‘x ‘odb quIog  JO UOHDIO!  JDIIOZIIOH
2/ o g 9 4 4 0 a- -
>~ ko a
//‘usq ™
/NM\. & M
‘, A / , W
NN S
I / 8
AN S
N~
//N U//V Q
b // m -
0 |
e D 3
| D s S e U (A 3
| Ao o~ | > &
I I A S
N (% S B S B N S S
. —L -~ 3
N
3
g
|
|
@ - ——
H ?  abopsny e 0 L
mn
P
=
<
2 ? Aog quog
=



s9]
I
U,
\Q
Ta
=
3
=

150

*panutquo) -°Gg SamITA
oG- = o (2)

w Y ‘uodo quog Jo UOHDIO]  JDIUOZLIOH
al ol & 9 4 o

N

N.l

T T~T

1 =

3 aboesny — ]

\

? Aog quiog —




Bomb bay ¢ ;?)
5
=
g d o e 3 Fuselage o
T (weage ¢ H
o
1 —
— \
RN £ — - ”8"\’ \
" (/ 7O0= — T T~ -
v L l,
T 4 —
N e S I
E :23:1445
w6 — AN S
Q A
\\\\ESZi::?\EEEE
8§ — /.35 123
§ \
L
S 8 \\ e
L TN
N \\\/
L b= ZZQ
0 115
-4 -2 0 2 4 6 8 0 2

Horizontal  location of bomb midpoint, x, i

(£) op = -10°.

16T

Figure 25.- Continued.



O
—
i
\O
LN
-
3
=

152

cl

*pepnTouc) --Gg omITd

*oST- =% (8)

w ‘X ‘oG quiog o UOWDIO|  [DIUOZIIOH

- -
o g 9 4 4 _ 0 o
7~
/ N _
r\\/ / H
AR =
< 5
WI/IM X
_ S lg e
=697/ A———

T v g
SESh=NENE
0223 B B

AHmIMV d—1 3
=2 - 74 ,m,
Vg s
—T1 \ Jh— L )
— ~ / A ..Z
—
/
— |
7 abpesny = e A 0 ow.w\gm
? Apg quog




20X NACA RM 156118 153

200 24
HEREEEERE
T
& -
= 160 16
P ~J g
. o .
=x 120 8 %’
g ] 5
= S R O
0 [ N ©
S & » o £
5 o
3 2 a
a 71 £
£ o
fia) 40 -8
0 L] -6
(a) O feet.
200 24
[TT T I
N — b
©
- -
5 <«
x 120 | | o 8 &
(=)
S' 5
= [~
80 Z 0 £
o <}
¥ A 2
£ a
& 40 -8
-
0 ] -16
0 2 4 o 8 10 1.2

Time, 1, sec

(b) 10,000 feet.

Figure 26.- Calculated time histories of motions of bomb 3 at various
altitudes; ayp = 4°; 65 = 4°.




NACA RM 156118

24

bop ‘g ‘oibup epnpio quiog

©

[e0)

@) [e0]

=16

g

154

u ‘z pup
! p

=< 120

80

©
¥

‘uoipsod ‘b0 quiog

20,000 feet.

()

24

Bap ‘@ ‘sjbup epnyyp quiog

2

(e0]

(@)

8

[ [T FTTT[]

~N—1_ 1

="

200

‘u ‘z puo
| p

< 120

o
<o)

‘uoipisod B0

quiog

Time, t, sec

30,000 feet.

(a)

Figure 26.- Continued.



155

(eo}
=1
H

\O
[[Q\
H
g
=

Bap ‘g ‘slbup epnyyo quog

16

N © © o (£
N S x
)
[
| H
- \
\
| \
] X
| |
| |
| /
| /
[T TT]
g 8 & 8 g °
u ‘z puo X hr_O_twOQ Ho quog

(e) 140,000 feet.

bap ‘g ‘sibup apnjyp quiog

N © ® o © T
N (e») x o
\
®
,\ ©
1] /
/
- m ,, s
| ,_ |
- |
H \_
- N
| [ .
| |
HEEEEE o
5 8 8 8 8 ©°
‘u ‘z pup x ‘uomisod ‘B0 quiog

Time, 1, sec

50,000 feet.

(£)

Figure 26.- Concluded.



156 NACA RM 156118
24
£ i
o
N 3
.U I -
5 @©
~ o /TN 8 g
5 \ \ 5
% AN 6 g
a z 2
] 80 / (0] '_g
o
I A ‘E
£ - [=]
§ 40 g g @
Q
0 a— 16
(a) 90 = -)4'0.
200 24
HERERREE
N - - - _Fg
-o ] ~
5 ® .
* 120 —1g 8 %,;
5 N | 5
% 3
® 80 - o £
) (=]
3 L+ T a
£
£ I
@ 40 ] 8
L
T
0 S -16
0 2 4 6 8 10 12

Time, 1, sec

(b) 6y = 0°.

Figure 27.~ Calculated time histories of motions of bomb 3 with various
bomb attitudes. Altitude = 10,000 feet; ayp = U4°.




-
LM
1

bap ‘g ‘oibuo spnuip quog Pop ‘g ‘slbup epnuyp quiog
N © © o ® © N © © o ® @
e
X g S 9
o = =
- N X =+ = \ Y © o8
\ n g S
o) - = .
,‘ @ ! ) ~ &
o S )
— o
\_ / ] ) iR
/ |
_ 1 HuEE o
g 8 g ° g 8 8§ 8 & °
‘W ‘z puo x ‘uoisod B0 quog w ‘z pup x ‘uoiyisod B0 quog

NACA RM 156118



158 NACA RM I56I18
200 24
£ 160 6
N g
o
2 -
O - ©
x 120 8 o«
- — 2
& Sl &
2 2
= 80 o £
o X £
© Ea
£ §
CS 40 ﬁL 3 -8 m
0 16
(a) O feet per second.
200 24
lj HEEENN
. H ]
N g
-o | ~
§ B
< 120 ' 8 o
o
5 ) 5
% p
* 80 0 é
o 5]
¢ L
£
£ N
@ 40 8
o L= - -16
0 2 4 6 8 10 12

Time, t, sec

(b) 10 feet per second.

Figure 28.- Calculated time histories of motions of bomb 3 with various
ejection velocities at sea level. oyuf = 40; 0o = 4O.




159

bep ‘g ‘elbuo epnyyp quiog Bap ‘g ‘eibup spnpyo quiog
3 © ® o ® © S © ® o g <
1 _2
(TT171 [TTTT] =
| i
L * |
mies w@ _ 1
| ‘@ | Ol S
I 3 g g
R g 3
— 0 — g <
— % — ® o 3
—! 47} L] m
_/j r
— ) [ o] I9) Q
\_ g ] § & o
2 < £
y g 0 D
& £ H o A
8 R g
. B : G
N N x
™M o ™~ N ™~ T &
x| ~ et
2> ~ I~ ~ ™~
- ~
W\
= :
Da
/ \ I
Q o) ©
g 8 8 8 g © g 3 8 3 E: °
w ‘z puo x ‘uosod B0 quog , ‘u ‘z pup x ‘uopsod 'Bo  quiog

o]
—
=
\O
Ta
=
3
,ANn



160

200

in.

x and z

[o0]
(@]

Bomb c.g. position,

D
O

200

in.

160

x and z

120

@x
O

o
(@]

Bomb c.g. position,

NACA RM L56I18

24

160

120

Bomb attitude angle, 8, deg

-6
(a) O feet per second.
24
LTI
N
g\éﬁ L
N 16
I g
T"@; kS
o
8 o
g
LT ] /Z o
< g
o E
- Is]
X o
£
o
faa]
-8
L]
— 16
.2 4 (3 8 1.0 1.2
Time, 1. sec
(b) 10 feet per second.

Figure 29.- Calculated time histories of motions of bomb 3 with various
ejection velocities at an altitude of 10,000 feet.

A = )-I-O; GO= 40,




21X

NACA RM 156118

20 RN
aeee pm——. o

‘ I
£ 160 7 g\"*ﬁj’ — 16
N < N
- ||
& — .
2 oo < llg
5 8
G A
(o]
® 80 Y/ - 0
S %
£
2 40 -8

0 -6
(e¢) 20 feet per second.

200 z [TITTITTI]®
£ 160 ~ L: 16
y — 1
E C\J -
g ||
* 120 — [ 8
WS_h / 8
2 /

" 80 0
&

(&)
el X
§ 40 -8
0 -16
0 2 4 6 8 10 12

Time, 1, sec

(d) 30 feet per second.

Figure 29.- Concluded.

Bomb attitude angle, 8§, deg

Bomb - attitude angle, 8 , deg

161




162 - TSI NACA RM L56I18

200 24
[TTTTTTTI1
e
< 160 — 16 o
N H >
T .
< 120 1> B 8 o
e 5]
:‘% T~ | ®
g S
o X ©
o

2 2 £
il faa)

8 40 1/ -8

o L= {8

(a) W= 875 pounds.
200 24
[T T TTTTT]

£ 160 [ %} ® o
N H £
g [ &
< 120 \9 & 2
3 / 5
? 8
80 5 o £
o [<]
() X .
Qa L~ g
5 m

@ 40 -8

— B
= -16
25 = 4 6 8 10 12

Time, t, sec

(b) W= 1,750 pounds.

Figure 30.- Calculated time histories of motions of bomb 3 with various
bomb weights. ayf = 4°; 8o = 4°; altitude, 10,000 feet.



163

OOFE0 0650 HOlwa'0

NACA RM I56T18

bep ‘g ‘sbup epnuyp quiog

N ® ® o © g
N A R N
( N
—
.
1 L4
| \[ |
L | ,
| /
,\
. [ 1]
g & & 8 § °
‘u ‘z puo x ‘uoisod 69 quog

2,625 pounds.

(¢) W

24

bep ‘g ‘elbup epnjyp quiog

e © o @©

-16

™~ |

L ——]

)
JF

> 120
80

‘u ‘z pup ‘uosod B0 quiog

1.2

1.0

Time, 1, sec

(d) W = 3,500 pounds.

Figure 30.- Concluded.



164 NACA RM L56I18

OTIITITITT] T *

| | B
£ 160 16
5 g
~
° R
[o] D
* 120 2 8 o
5 g
2 = 8
o poe]
~ 80 - o £
3 T/ :
[S
2 S
£ [1a)
@ 40 - B -8
e
0 = 16
(a) I = 2,558 lb-sec2-in.
200 24
TTTTIThT
£ 160 16
e g
gL <
e
% 120 5 8 o
o
s 5
5 —
o -
80 5 o £
o 5]
[$) L X a
7 [
£ &
8 40 -8
1 -
0 e -6
0 2 4 & 8 10 12

Time, 1, sec

(b) I = 5,178 lb-sec-in.

Figure 31l.- Calculated time histories of motions of bomb 3 with various
bomb moments of inertia. da p = 40, 6o = 4°; bomb weight, 1,750 pounds;

altitude 10,000 feet.




22X

NACA RM L56I18 165

200 24
£ 160 6
N . by
el
.O B -~
5 . @
% 120 T T =g T 8 o
g ~ 5
o -
5 T o
é 80 Z 0 é
g x :
' £
£ 8
m 40 -8 .
0 ==t 16
(¢) I= 7,764 lb-sece-in.
200 . "
LI
Hee—x]
— S~
L el
- 180 % 6
N g
S O
g o
x 120 — 8 o
T o}
5 L , 6 §
87 e
8 = 8
= 80 2 o £
g 3
5} X .
/ £
£ 5
m 40 _8
O - //
= -6
O 2 4 6 8 10 12

Time, 1, sec
(d) I = 10,352 lb-sec?-in.

Figure 3l.- Concluded.

NACA - Langley Fieid, Va.









