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A wind-tunnel investigation of bomb-release problems b Lade 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 Mzach mumber of 1.61 in the ILangley 4- by 4-foot superscnic pressure
tunnel on bombs of three fineness ratios and on a swept-wing fighter-
bomber airplane configuration for a grest number of positions of the bomb
under an open bomb bay. The resulis show that the interference forces
and moments imposed upon the bombs by the eirplene are large snd change
rapidly as the bomb is moved through the flow Tield. The wing is shown
to have a very lerge efifect on the bomb forces after the bomb has emerged
from the bomb kay. Calculatlons 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 obtalning satisfactory bomb release &t low alti-
tude is made very difficult by the rapid rearwsrd motion of the bomb
resulting from the large dynsmic pressures. Releasing the bomb from a

position just below the bomb bay did not improve the release without the
eddition of an adeguate ejection velocity.

INTRODUCTION

With the development of supersonic bombing seirplanes, the problems
of bomb release have become increasingly irmportant. In addition to the
higher dynamic pressures, the extremely turbulent circulatory flow in
the bomb bay, as well a&s the nonuniform flow field surrounding the air-
plane, can cause bomb-release motions that endanger both the bomb and

the airplane. ﬂ

UNCLASSIFIED
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In generel, there are four methods of investligating 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-scele drop tests are obviously hazardous and do not readily
permit investigetion 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 tunnels have been performed (refs. 1, 2,
and 3, for example) and severel techniques were well established. Within
the limits of rather stringent simularity requirements, such drop tests
can provide useful information for a particuler airplene under a particu-
lar set of release conditions. In general, however, only limited varias-
tions of some of the imporitant parameters can be simuleted in drop tests
in availeble wind tummels. Hence, detailed investigation of many factors
affecting bomb releese is not readily accomplished by this method.

The developrent of theoretical methods for calculation of flow
fields, bomb forces, and bomb drop paths 1s, of course, desirsble and
would reduce the need for specific testing. Some work has been done
along these lines at subsonic speeds for externally carried bombs (refs. L
and 5), but the problems are difficult and the solutions tedious. Little,
if eny, analysis has been attempted for internally carried bomwbs. Devel-
opment of theoretical methods will depend on & careful check with experi-
ments not only for flow-field calculations but z2lso for celculation 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 obtalned by this method applies
only to one configuration &t one Mach number, & rather complete investi-
gation of the various factors affecting bomb motion can be performed by
simply verying the eappropriste parameter throughout a series of drop
calculations. Such calculetions are readily performed in automstic com-
puting machines. In addition to use in the drop calculations, the force

magn ,

.
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data mey slso 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 airplene are
presented for a lerge number of positions of the bomb under an open bonb
bay. A number of bomb drops have been calculated and are shown in order

to illustrate the procedure and demonstrate the type of anelyses that
can be made.

SYMBOLS
s s . . Drag
Cp drag coefficient of wing-fuselsage couwbination, T
c . o s - Lift
T 1ift coefficient of wing-fuselage combination, __E_
Q
Cm pitching-moment coefficient of wing-fuselage combination,
=~  Pitchi
referred to £, Pitching moment
4 gsc
, Dreg
Cpy drag coefficient of bomb,
aSp
CLip 1if%t coefficient of bomb, Lift

Wy

. Pitching moment
pitching-moment coefficient of bomb,

a'b q_S'b
(center of moments is nose of bomb)

c mean aerodynamic chord of wing, in.

S total area of wing, sq £t

Sy maximum frontal area of bouwb, sq Tt

1! assumed bomb center-of-gravity position measured from bomb
nose, in.

1 bormb length, in.
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qQ dynamic pressure, 1b/sq i
Ppy pressure coefficient on bomb base
p 4 longitudinal distance between bomb midpoint and bomb-bay

midpoint (see fig. 1(b)), in.

2 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.

e attltude angle of bomb center line referenced to the horizontal,
deg
o angle of attack of bomb, 8 + tan™t %: (for static tests
o, = 6)
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/far ratio of bomb sting dismeter to bomb base diameter
f fineness ratio of bomb
Subscripts:
X horizontal (streamwise) direction
2 vertical (gravity) direction

APPARATUS AND TESTS

Models

The general srrangement of the test setup is shown in figure 1l.
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 sirplane 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 L-foot super-
sonic pressure tunnel. th pitch and translation were provided in the
angle-of-etteck plane by this support system. A six-component strain-
gage intermal balance was housed within the fuselage to measure airplane
forces. The fuselage bomb bay was open for all tests and was rectengular
and square-cornered. At the resr of the bomb bay e 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 end were mounted on & 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 shepes 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-
rztio series which would represent a geometric family and at the seme
time be practical, particulerly from the volume standpoint, & combination
of oglve 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 investigeted 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 originsl set.

TESTS AND METHODS

The angle of attack of both the alrplane and bowb and the position
of the sirplane with respect to the bomb could be remotely varied in the
plane of symmetry during tumnel operation. (No lateral movement or yaw
engles 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 agein 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
1l L 0, ¥5, ¥10, ¥15 -2.55, 2.5 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, 5.7
8 0, t10 -2.67, -1.17, 0.83, 0 to 6
2.83, 5.83
3 4 0, 5, t10, ¥15| -0.05, 1.85, 3.85 0 to 10
o 0, i‘lo "'O."", 1.6, 3.6 0 tO lo
8 0, 110 -0.17, 1.73, 3.7> 0 to 10

The forces on the models in each position were recorded. Both the
bormb 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 l/h-inch-wide strip of no. 60 carborundum grains
and shellac was located on both surfaces of the wing at the 1l0-percent-
chord point and on the fuselage and bomb nose 1/2 inch from the tip in
order to insure a turbulent boundary layer.

Inesnmuch s&s the bomb-support system was relatively flexible in the
1ift direction, calibration of change in borb position =z and bomb angle
of attack o with bomb lift 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 sngle of attack were not applied in advance
to the angles used. Insitead, the corrections were introduced into the
computing equations. The actual value of o for each point wzs computed
for the loads incurred and was then used in the resolution of forces.
Plots of actual o (computed) are showm in figure 3 for the three bombs.
The nominel velues which were chosen to be used in subsequent figures
and in the drop-path calculations are shown on each plot. Since it
eppeared possible that the bomb support strut and the slot et the rear
of the bey (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 dats point with the bomb sting supported from
the rear of the bey agrees well with the curves from date teken in the
usual msnner. This result indicetes that insccuracies 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 belence 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 menner
in figure 5. Although base pressure 1s shown to be affected by d/d’,
the shapes of the curves for the two ceses are similar. The maximum dif-
ference shown in this figure corresponds to 0,03 in bomb drag coefficient.

Precision of Test Data

The repestability or relastive accuracles ere estimated from an
inspection of repeat test points, zerc shifts and static deflection
calibrations to be as follows:

X, in- ¢« e ¢ 8 « e e o . e e .« e * = & & e« =

« & s 8 ® = § & =« to-os
y’ in- e o & @ ® 8 ® ¢ € 8 e @ 4§ e 8 @ @ ¢ @ B G 6 & @ & 2 T T = to.lo

Z’ i—n. - a L] - . - - L] - - L - L] - L L] '. . L] - L] L ] a - a L - L L i-o- lo
Bomb:
CD.D e & # 8 & ® e 88 e & a 8 ® e 8 & ® ° @& e ¥ @+ 2 & s o s & » '-tO .01

CL‘b e . - - . . - L] L] L3 [ ] . L] . . - [ L] - - L] L] L L L[] [ ] . L] - -l:o L 05
Cm-b " ®» © e = s @ « @& ® e e € 8 @ @© 8§ & * = & & @& T s & & & 1:0 . 03
o, deg £0.10
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Wing-fuselage:
CD - L] L . L] L) - - - L] L] L] L) L] . L] L] L] L] - . L] L] L] L L] L] L ] L] L] -L-o - Ool
CL L] . . L . . L] L) L] L) - L) L] L] . L] L L] L] - L) L] - L] L] - L L] L] . *0 . 002
10.001

Cm. a a ¢ ®* & a2 s & & T 8 ¢ ¢ & & & ¢ B T B 8 ¢ B & B e & & =

aowf’ deg ¢ 4 & s & s = B L ® @& & 2 & F B & &8 B B &6 B 8 8 & '-!-0.10

RESULTS AND DISCUSSION

Basic Data

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

Plots of bomb force coefficients.~ Lift, drag, and pitching-moment
coefficients for bombs 1, 2, 2nd 3 in the presence of the airplane con-~
figuration are presented in figures 7 to 1&. A convenient index to con~
figurations and figure numbers is presented in table I.

The baslc dats are presented in the form of plots of coefficients
against the vertical distance between the bomb midpoint and the midpoint
of the bomb bey (on the fuselage center line). The data for seven bomb
angles of attack et an angle of attack of the zirplane 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 atbtack at airplane angles of
attack of O° and 8% is shown in the right-hand pert of esch figure.
These data provide less complete information at these airplsne 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
engle of attack on bomb forces are clearly shown in these figures. In
order to illustrete the effect of bomb fins and the effect of the wing
on bomb forces, figures 15 snd 16 have been prepared from date of the
previous figures. A comparison of the force data on bomb 2 with small
fins, lerge fins, and no Tins 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 configuretion at each angle of abtack.
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 ccocefficient for velues of 2z greater than
about 2 inches. The character of the curves is generally similar for the

sy
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three fin configurations. Similar resulits have been found for the other
bombs (1 and 3, see basic data figures) which were tested with and without
fins.

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

bomb is within the bomb bay (z of O to 2% inches a@proximately), becomes

a maximum after the bomb has completely emerged (z of 4 to 5 inches),
and decreases slowly as the bomb is moved still Purther from the airplane.
For the further rearward.position of the bomb, x = 1.6, these effects
have shifted to larger values of z. The direction of the drag, 1lifi,

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

of attack (L4°).

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 1ifc, drag, and
pitching-moment coefficients measured on the wing-fuselage combination
end plotted against bomb posltion 2z Ffor 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 isoleated and is included in the deta shown in figures 17 to 19.

Although no evaluztion 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-tall surface
would add significantly to the interference forces measured herein.

Contour Plots

Figures 20 to 25 present contour meps 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
scele on each plot.
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These contour maps, in general, show rapid changes in bomb forces
and moments with =z and x. The data in this form 1llustrate 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

bomb drop path.

Drop-Path Cslculations

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

The calculations were performed in a magnetic-drum electronic dete-
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 date being considered as 1/20 scale.

The variable parameters are as follows:

Bomb moment EJectlon
Figure 0, deg Releaseazltitude, 2y, in. | Bomb veight, | go'gneioo velocity,
£ ik 1b-sec2-in. £t/sec -
26 L 0, 10,000, 15 1,750 5,176 (o]
20,000, 30,000,
40,000, 50,000
27 -4, 0, &, 8 10,€00 15 1,750 3,176 o
~
28 4 o] L5 1,750 5,176 0, 10, 20, 3¢
29 H 10,000 15 1,750 5,176 0, 10, 20, 30
30 L 10,000 15 873, 1,750, 5,176 (Y
2,625, 3,500
3 E 20,000 15 1,750 2,558, 5,176, 0
7,764, 10,352

The figures listed in the preceding table also show bomb positions x
and z, and bomb attitude angle 6 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 ere
characterized by rapid rearward movement because of the high drag at the
high dynamic pressures. At see 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 appesrs to be marginel. At 30,000 feet and
above, the reerward motion of the bomb is reduced to the point where the
drop appears to be safe. Although the overall changes in bomb attitude
angle vhich occur are of gimilar magnitude for all altitude cases, the
variations are of higher frequency and reach higher positive values at
low sltitudes. 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-zltitude 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 airplasne. 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
veloeities (0, 10, 20, and 30 feet per second) at two sltitudes (0 and
10,000 feet) are presented in figures 28 and 29. In these cases, the
ejection mechenism was assumed to release the bomb at z = 45 inches
(corresponding to a 30-inch ejection stroke) with the specified downward
velocity (in the z-direction). The angle of atteck of both bomb and
airplene was 4°.

For the case for an ejection velocity of zero, the bomb at either
altitude moves almost straight reerward and collides with the bomb bay.
For 211 cases in which an ejection velocity of 10 feet per second was
assumed, the bomb clesrs the bomb bey. This result indicates that the
release of a bomb from a point below the airplane msy not produce a
satisfactory relesse et low altitudes. Imparting a downward velocity
to the bowmb &lso appears to be necessary.

Tt will be noted that, although in the case for am ejection velocity
of 10 feet per second the bomb clesrs the bomb bay, the rapid rearward
motion of the bomb makes this drop appear somewhat marginal, particularly
for the lower altitude. For the cases czlculated, an ejection velocity
of 20 feet per second or greater appesrs desirable. The drop paths for
the bombs ejected at the higher velocities =t 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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aepperatus, which as indicated in reference 4, cen have a large effect
on the bomb forces and the resulting motlon.

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

values of bomb weight (1/2, 1, 1%, and 2 times the original weilght 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 welght is Increased; however, because the engular 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 peths. (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-ina) 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
anguler motion, however, 1is 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-wilng fighter-bomber airplane
configuration for a great number of positions of the bomb under an open
bonb bay. The results show that the interference forces and moments
imposed upon the bombs by the ailrplane are large and change rapldly as
the bomb is moved through the flow fleld. The wing is shown to have a
significant effect on the bomb forces both hefore and after the bomb has
emerged from the bomd bay.

Calculations of bomb drop path were performed for one bomb (using
the force date) 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 reerward motion of the bomb resulting
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from the lerge dynemic pressures. Releasing the bomb from a position
just below the bomb bay did not improve the release without the eddition
of an adequate ejection velocity.

Langley Aeronsutical Laboratory,
National Advisory Committee for Aeroneutics,
Tengley Field, Ve., August 23, 1956.
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APPENDIX .
EQUATIONS USED IN THE CALCULATIONS OF BOMB DROP PATHS

With a knowledge of the stetle 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 transletional 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 approximete 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
anguler 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 = CD‘bq.F - !

g~ [

F, = W - (cLb + cI;b tan~L %’-)qF z. - -
Y

. u -1 u,\2" 81 i
= an-l —A& —Z z
Mog Emb + C, tan T * (CI + Cp o tan U)T + CmqL 2;] qFi
where C and C are from contour plots and Cj, and C are
Iy Iy o, Tota,

from isolated bomwb data. The velue of the damping coefficient Cmq ves
obtained by the method of reference 7.

The velocities produced by these forces and moments are:

Fx n-1 At
Ug = Uy po3 + —F—
F fa\"
= z,n-1
Uy uz,n-l * m

. 57.3M,_1 At :
= Gn_l + ____.].:.__-

|ﬂ$i|- iih 1f

De
i
”
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where

At

The corresponding motions or displacements are given by:

F A2

x,n-1
i + Uy p-1 OO

4
"
||
i
|_.l
+
V] (o

Fz,n-1 A7
S LN,
m + uZ,n-'l

-

57.3 Mp-1 a2 .
n-1 2 I n-1l

At

force in direction indicated by subscripts, 1lb
bomb pitching moment, in.-1b
bomb weight, 1b

bomb mass, W/g, lb-sec?/in.

2

bomb moment of inértia, lb-sec~-in.
3Cy,

damping coefficient = ——SI
S 5V

bomb rotary (engular) velocity, deg/sec
airstream velocity, in./sec

time interval occurring between successive bormb positions

and the subscripts n - 1 denote value from previous point in step-by-
step calculations, and O denotes zero time.

The geometric and serodynamic perameters assumed for a2ll cases (full-
scale conditions, bomb 3) are as follows:

ap = 4° %o = O 1 =182 in.

— 4
= 0.15 Uy, =0 'Zi" = 0.5

-0.11
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-— Positive angles

---- Negative angles

16Nomiml cngle: of attack: ( d:tg,)

153

100

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

5.1 50
4k
2
o] 0
) 2 4 6
Vertical location of bomb midpoint, z in
(a) Bomb 1; (b) Romb 2; {e) 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 velues of angle of attack op chosen
for use with the corresponding force data are shown. ayr = 4°.
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Figure 4.~ Comparison of forces measured on bomb with and without bomb-
support strut. Bomb 2; large fins; x = 0.95 inch; oy p = O°; Qp =
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(a) x = -2.55 to -2.80 inches.

Figure T.- Force data for bomb 1 in presence of wing-fuselage combina-
tion. Fins on.
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Bomb lift coefficient, cLb
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Bomb pitching - moment coefficient, c"‘b

o

[

‘o Large fins |
; O Medium fins
A No fins 1

A ] .
ﬁT W hanad E
A §
_ _..Q
N ”jj ; 3
0-0- -§
°
=]
§
. - R . i
2
2, =102 deg | B @, =0 deg
g [
o 2 4 6 8 0o 2 4 6 8

Vertical location of bomb midpoint, 2, in.

(¢) Pitching moment.

Figure 15.- Concluded.

Isolated bomb »

ay-102 deg

86

gTIOCT W VOVN



NACA RM L56I18 * 99

Bomb lift coefficient, CLb

1.8 Etﬂ\'ﬂﬁ\{,\t S e
f J T
1.2 = o%—)-E—oé-’ﬁ T o b
J[#}D){ 2 %’U o]
g~
_'d_)
4
0
Wing
o] On
_4 o Off
Qs deg
— 10
-8 === -10
\q Q / kKt Fﬁ ﬁll‘
\ Y t t'l\ ] ~O---
v £ 0 - !
-1.6 LE R ¢ ot
y ‘\ l‘ l" - &
\\rb \tli' ’Oo\a yo 5P R
) [« o / ~O-—O
-2.0 v f’(ﬁ — @]
‘11’ x= —.|5in. x= |.85in.
-24 | L
0 2 4 6 8 o 2 4 6 8

Vertical location of bomb midpoint, z in

(a) Lift.

Figure 16.- Effect of wing on the forces on bomb 3. ayr = LO.

[solated bomb



e

Bomb drag coefficient, CDb

Wing
(] On
o Off
@, deg
—_— 10
-——= -0
.____‘ ﬁ
,&?;JIQ‘B‘Q“Q;NQJ .'8
/ IIL_PL- |
4(:/5 P _(",__0-(’»———0/0 'S
Nal
sﬁ ®
x= =15 in. x=185in,

4 6 8 0 2 4 & =8

Vertical location of bomb midpoint, z in

(b) Drag.

Figure 16.~ Continued.

{solated bomb ¢
00T

QTIOST WM VOVN



NACA RM L56I18

Bomb pitching — moment coefficient, Cmb
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Figure 29.- Calculated time histories of motions of bomb 3 with various
ejection velocities at an altitude of 10,000 feet. anp = 4°; 65 = 4O.
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(b} W= 1,750 pounds.

Figure 30.- Calculated time histories of motions of bomb 3 with various
bomb weights. agr = 4°9; 6o = 4°; altitude, 10,000 feet.
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Figure 31.- Calculated time histories of motions of bomb 3 with various
bomb moments of inertia. oup = 4°; 8o = 4°; bomb weight, 1,750 pounds;

altitude 10,000 feet.
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