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IO - TUNNEL nrmsncm:on oF BOMB -BAY CONFIGURATIONS TWIEHDED
.70 M:I:NJMIZE THE. TUMBLING OF LIGHT-HEIGHT. BOWBS.

By Richard E. EKuhn and Edward C. Folhamus

An investigation has beon condudted "in thé Lengley 300°MPHE 7- by
10-foot tunnel to determine what modifications could be made to con-
ventional bomb beys to reduce the. tumbling difficulties. experlenced
with light~-welght bombs. The Investigaticn consisted. mainly of photo-

graphic studies of the trajectory and. attitude of: lo-scala. dynemic -

modsls of 100-pound brmbs as they d::opped. fron various bomb-bay con-
figurations together with .tuft. gtudies of the Fflow in and around these
bamb-bay configurations.

The investigation indlcated that there 1is a definite regcion of
reversed flow inside the bomb bay which must be wealened or dsstroyed
if good drops are to be obtained.” The mbat Batlefactory configuratiom
tested consisted of a bomb bay divided into compartments in conjunction
with a deflector plaete ahsad of the bomb bay. Satisfactory bomb drops
were. algo: cbtained by -opswing only = small hole in - the bumb bey. directly
below the bomb to be dropped. On the basis of the satisfactory drops
obtained with spherical bombs, 1t appesrs that boubs whose d::'a{; changes
leas“b w:!.'bh a.t :!.tude will give the mos'b s-:.tisfactory drops A

INI'RODUC‘I’ION-_ o e
An investlgation has been conduvcted in-the Langley 300 MPH T- by
10~foot tummel to determine what modificabions to conwventional. bamb-
bay designs are necessary .to insure  satisfactory dreps with light-
weight (100 1b) bombs. It has been reported that Tight-weight bambe-
frequently described erratic initial trajectories when dropped at
relatlvely high, borbing speeds (of,the order of 300 miles per.hour
and. greater). This behavior , apart from precludinr accurate bombing,

sometimes resulbed in- the bombs hitting ezch other and causing
explosions.
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The present investigation consisted of a photographic study of
the trajectories described by small model bombs as they were released
from a simuleted bomb bay in a fuselage model. The tests were con-
ducted at two tunnel speeds and the effects of various deflectors,
separators, door errangements, and bomb-bey modifications were
investigated. In addition, tuft studies were made of the flow in and
around the bomb bay and static pressure fluctuations were measured at
two points in the bomb bay for scme of the bomb-bay configurations
Investigated.

SYMBOLS
Cp drag coefficient G—Z—gﬂ)
s - “wing area, 11.65 square feet
_ _l'vg
q dynemic pressure 5P pounds per square foot
p. density of air, slugs per cublic foob
v velocity of air, feet per second

MODEL, AND APPARATUS

The tests were conducted in the Langley 300 MPE 7- by l0-foot
tumnel . ' L

The model used in this investigatlion conaisted of a fuselage
supported by a rectanguler wing. The fuselage dld not represent any
particular airplane but was merely a fairing around the bomb
bay. A photograph of the model mounted in the Langley 300 MPHE T- by
10~foot tunnel 1le presented in figure 1 and the principal dimensions
of the model are presented in figure 2. The basic bomb-bay modifica-
tions investigated are presented in figure 3. These modifications
were made by inserting wooden blocks in the original configuration.
The various deflectors, separators, and door arrengements investlgated
are presented in figures &, 5, and 6, respectively. -

For the bamb-drop teats f—a-sce:le dynemically similar models of a
1.00~-pound gemral-puz'pose borb (fig. T) were dropped from the bomb bay
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into a net ¥hich can be seen 1n figure 1. Preliminary ‘tuft sthdies
indicate that this net dld not epprociably affect “the flow within~
about 18 inches of the model. The relations of reference 1 were used %o

compute the weight and momcn‘te af inertia. of the lo-scale mod.el 'bdm'bs

which swere bellasted with lead to 'bring- these quantities and.. the cemier
of gravity to the correct megnitude and position: The bambe vere held
in the bomb bay by small electro-megnetic bomb shackles (fig. 3)
-operated from a 12-volt storage bettery. The bombs were released by
breaking the megnetic circuit and the bomb trajectories were recorded
by a still camerse in conjunctlon with two Strobolux lights. The
Strobolux lights were set to flash 2400 times per minute so the time
between two bomb images on the picture is one-fortieth of a second.

The fluctuation of the static pressures within the ‘bomb bay
were meapured &t two pointe in the -bomb bay. These orifices can be:
seen on figure 8 and their locations are given in Ffigure 2. The time
hiestory of the pressure fluctuatlons wae picked up by an electrical.
pressurs transmitter and recorded by .an.NACA fiim recorder.

In order to have the tre.,jec‘boriee cf the lo-scale ‘modal 'bom'bs

-simzla'be 'bhose of *the full- scale bainbs, :Lt is necegsary that the model
bombs be dropped at tunnel speeds which correspond to the fmll-scale

£light speed. accordj_ng to the relatlons of reference 1. For the ilarscale

bombs used d.n these tests - the. relationship ’oetween *the. 'bunnel speéd;
equivalen'b fl‘ight speed and the scale of the 'bOm'bs is gi‘sren 'by. )

Velooit:,r (flight) Vel"“'itj’_‘(mnﬁll

= 316 Veioelty (bunnol)

where . ;. .
N = Scale of bomh '(1,‘/10)'

’ The majori'by of the teste wers conducted a.t a -bunnel sneed. oi'
142 ‘miles per hour, Corresponding to a flight velacity of lu-‘xO mileg
per hour.  Scme of . the tests, however, were made at a 'bunnel speed.: of
k7.5 miles per hour, corresponding 1:0 a flight veloci'by of 150 miles
per hour.
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The engle of attack of the fuselage was held constant at 0° for
all tests. The different configurationa tested are tabulated in
table J. For most configuratioms two bombs were dropped simlteneously;
one from the front shackle and ane from the rear and usually three ox
four drops were maede from each configurstion. Typicael photographic time
histories of oome of the bomb drops are presented in figure 9. Unless
otherwige stated, all the drops were mede at an equivelent £light speed
of 450 miles per hour. In these pictures the rebound:.. of the ‘bomb from
the net can be seen and should not be confused with the actual drop.

RESUIDS AND DISCUSSION -« = = «oto i o

The results of the drop tests for each configuration investlgated
are sumarized in figure. 10. For each conflguration presented, the-
dlrection and nature of the air flow within the bomb bay is deplcted
as well as the bomb trajectories. The gyrbolas and conventions smployed
in the presentation are defined in one of the .two. sketches preceding
configuration l. The other gketch presents the ideal trajectory of &
bonb as calculated on the assumption that the bomb maintains zero angls
of attack as 1t leaves the borb bay. For these computations a bonb
drag coefficlent of 0.195 was assumed, corresponding to the measured
minimum drag coefficient of & 300-pound bomb (reference 2). The "ideal"
trajectory cen be used effectively in Judging. the merits of the various
configurations investigated., Unless otherwise stated all the results
pregented in flgure 10 were. o’otained at an squiva.len'b flight sPeed of
450 miles per hour. .

Configuration; 1 presents & more or 1ess ‘coniventional "bom‘b-ba.’y'
configuration, The erratic behevior of the bombs dropped from the rear
of the bomb- 1s immediately evident. However,reducing the simulated
airspeed from 450 to 150 miles per hour reduced the tumbling and
divergence to the point where: consistently good drops could be secured
from olther bomb position. The improvement with reduced slrspeed haes
also been noticed In fiight. TLowering the bomd sghackle sltered the
behavior but it was gtill not setisfactory.

It can be seen that for almost all configuretions for which tuft
studies were made, there is a definite flow reversal which causes the
boumbs to tumble end which therefore muat be dsstroyed or weakened in
order to cbtain conslstently good drops. Opening only a swall hole in
the bomb bay for the bombs to drop through resulted in soms fairly satis-
factory drops (comfiguration 3). Thig solution, however, would necessi-
tate meking the doors of the bomd bay in small sections and only opening
those sections under the bombs -to be dropped and would poseess the
obJectlionable feature of precluding salvo-type bonbing.
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Attaching deflectors to the fuselage ahead of the boub bay with
no other alteration did not improve conditions appreciasbly. It cen be
geen that in many configurations the bombs were sctually carrled forward
from thelr release position whilg' st3ll inside the bomb bay and then
blown back as they emerged. : _

One modificetion that was tried in an attempt to improve the
dropping characteristics of lightweight bombs was to falr out the
rear cnd of the bomb bey to weeken the reverse flow. This alteration-
(designs C and D) did not in 1tself materially help matters. However,
attaching a perforated deflector 6 inches shead of the bomb bay and
extending the doors forward to the.deflector in combination with bomb-
bay design "C" (configuration 35) seemed to have some merlt. In the
interest of expediency this modification was accomplished by inserting
e block of the proper shepe in the rear of the bomb bay rather then.
alter the model 1tself, It wlll be moted that with this arrangement
the bomb bay 1s considerably shortened but it was felt that this would
have & negligible effect on the gqualitative results cbtalned,

One of the most effective configursatioms investigated consisted of
dividing the boub bay into smell cells, each cell large snough for one
vertical string of borbs. This modification, in conjunction wlth a
perforated deflector (configuration 11}, resulted. in the most sabis-
factory drops. The tests indicate that these cells sghould have solid
walls to be most effective. Although the doors wers off in this
configuration,tests of other configuratlions with and without doors
indicate that the doors should have little effecte. L

Any bomb possessing & consglderable amount of stability will tumble
somevhat when immersed in & strong turbulent flow. Large changes in
the attitude of the bonb associated with this tumbling will cause large
variations in drag which will greatly affect the path of the bomb, It
is of interest to note that spherical boubs drop satisfactorily from
elther of the bomb positionss%configuration 20) . The spherical bombs
used. for these testas were solid steel balls and were about twlice as

heavy as the %'a—scale model bormba but 1t 1s belleved that the famect that

the drag of a ephere does not changs with its attitnde is the factor
most responslible Tor the excellent drops obtained.

. For some of the conflgurations, records were made of the fluctuations
of the static pressure at two points in the bomb bay (fig. 2) and the
results are presented in table I. .The installation of cells in the
borb bay (comfiguration 10) considerably reduced the amplitude of these
fluctuations, especially in the rear of the bomb bay. ‘

Drag measuremente were alsc made on some of the configurations and
the drag coefficlents are presented In teble I, Thege drag coefficients
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are based on the wing area of 11.65 square feet; the drag coefficilent
of the model with the bomb bay closed is 0.035 ahd the drag coefficlent
of the wing alone is 0.028. Attaching deflectors shead of the boub
bay materially increesed the drag. However, a wedge-sheped deflector
gave the smallest increase In dreg.

CONCLUSIONS

_ On the basis of wind-tunnel tests of various bomb-bay configu~
ratliong, the fnllowing conclusions are indilcated: }
1. There was a definite region of reversed flow inside the bom'b
bay of conventlional d.esign and it was this reversed. flow which caused
the light-welght bombs -to 'bumble as they dropped.

2, Satisfactory drops were obtained by opening only a small Goor
in the bamb bay for the bombs to drop through :Lnstead. of opening ‘the
entire 'bot'bom of the borb bay. . .

3. The mostx satisf‘actory corrf‘iguration tesbed” consisted of &
bomb bay divided Into compartments in con,jvnction wi'bh 23 deflector
plate ahead of the bambd bay.

" k. The satlsfactory results obtained with spheridal bombs
Indicate that bombs vhose drag changes leagt. with a‘btitud.e will give
the mest sat:[.sfactory drops.

Langley Memorial- Aeronauticel Laboratory
National Advisory Comuittee for Aercnautice
Langley Field Va..

1. Scherberg, Max, and Phode, R..V.: Mase Distri'bu'ticn ‘and Performanqee
of Frbe Flight Models. NACA TN No. 258 192"(-

2. Baals, Dongld D., end Smith, Norman F.. Aerodynamic Tdets of an
M-?é Bomb in the 8-Foot High Speed Tunnel. NACA MR, Aug. 25,



TABIE I. - TABIE OF BOMB-BAY CONFIGURATIONS TESTED AND RESULZS OBTAINED

Drag- | Static pressure fluctuation
Conf1gu- Canflguration coef - In bomb bay
ration | Bamb vay| DeTlsctor | oeparators| Doors | ficlent | Front orifice | Rear orifice
1o, (fig. 3)| (fig. W (fig. 5) | (fig. 6)| Op [ Amp.® 23 lamp2 | £3
1 A - - A 0.044 | k.2 28 | 17.5 Lo
2 A - - Off 0.04k | 6.0 19
3 A - - D
b A - A A 0.045 | 5.2 12.0 46
5 A ¢-0 A A '
6 A - B A 0.046 | 4.5 21
7 A A6 B A '
8 A B-6 B A
9 A c-0 B A
10 A - o off 0.043 3.2 9.3 49
11 A B-0 c Off
12 A - D Off
13 A B-0 D off |
14 A B-0 T off
15 A A-0 - A
16 A A-3 - A
17 A A-6 - A
18 A A-12 - A
19 A B-0 - A 0.061 | 3.2 13.3 b
20 A B-3 - A
21 A B-6 - A 0.059 | 4.k 18.6 36
22 A B-6 - 02f 0.059 | 3.7 17.9 34
23 A B-12 - A
2h A c-0 - A 0.055 3.8 28 | 21.4 32

IThe drag cosfPicfent of the model with the bamb bay closed is CUp = 0.035.

e averege doubls amplitude of the pressure fluctuation in percent of the dymamic pressure (q).
frequency of the pressure fluctuation In oycles per mecond.

NATTONAL ADVISORY
COMMITTREE FOR AERONAUTICS
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TABYE T- TABIE OF BOMB-BAY CONFIGURATTONS - Concluded

) Dragl Statioc prespure fluctuvation
Confign- Conflguration coef= in bcmb bay
ration | Bomb bey| Deflector |Separators | Doors | ficlent| ¥rout orifice | Reer Jrifice
mo. | (flge 3}| (fig. W) | (£ige 5) |(fig. 6} Cp | pmp.? B w2 23
25 A C.b - A 0.057 | 5.3 :
26 A -6 - Off | 0.056 | 3.5 2k 0 3k
27 A c-12 - off 21.h 33
28 B - - B 0,043 | 5.5
29 B B-6 - B
30 B B-6 - Off
31 c - - B 0.01"1" 2-8
3e c - - off
33 c B-0 - B )
34 C B-6 - B 0,054 | 2.8
35 c B-6 - o
36 c B-6 - Off 0.056 | 3.2
37 c C-0 - B
38 U 0“6 - B 00”9 5.1
39 c G"'G - G 0-0""9 6.0
30 c c-12 . B
31 D - - D 0.04: | 2.3
he D - - off ;
43 D B-0 - off |
by D B-6 - B 0:055 | L2
55 D C-6 - B 0.054 | 5.5
T D c-6 - ofe
h8 D B - Off

The arag coafPiolent of the model with the bomb ay closed 18 Cy = 0,035-
20he everage dogble smplitude of the pressure Finctustlon in percent of the dypamlc pressure (g) .
Srhe frequency of the pressure fluctuatlon cyolos per seoond.

NATTONAL ADVISORT
COMITTERE FOR AFRONAUTICS
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Figure. 1 - Front view of bomb bay model and-net mounted in the 300 MPH 7- by
10~foot tunnel.
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Fgure 2.- Delor's of bomb bay rrode!.
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designs investigated.



Fig. 4

NACA RM No, L7D11

] 0
 Deflector A (50/1d) ! l«
— 4a4|-- Deflector B ( perforated, —~a
. R5 % of area )

(<

I
' I
]
Deflector D (£=270) < 7
Deflector £ (L= 3.00) x\;‘f"
— 4'84“— " [Pos. of deflecrors \>/
- A B¢ a
A-0 |B-0 |c-0 10
A-3|8-3 5
A-6|B:6|c 6|6
NATIONAL ADVISORY - = — =
COMMITTEE FOR AERONAUTICS A-/R|B-/12|C/2|I2

Froure 4. - Drawing sliawn;;z detarls ond positions of the
varrous deflectors fested.
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Figure 5.=Drawmng of bomb bay Separarors.
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Fig. 6
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Figure 6 - Various door arrangements
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Figure 7 -~ Dfawmg of oso scale madel of
100/b  general purpose bomb .
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Figure 8.~ View of interior of bomb bay showing magnetic homb shackles and
: pressure orifices.
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Configuration 1 Bomb Bay A

Doors A

Figure 9.- Representative pictures of drops.
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Configuration 1 Bomb Bay A

Doors A

Tunnel speed reduced to simulate a bombing
speed of 150 mph. :

Figure 9.- Continuped.
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Configuration 3 Bomb Bay A

Doors D

Figure 9.- Continued.
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Configuration 5 Bomb Bay A

Deflector C=-0
Separator A
Doors A

Figure 9.- Continued.
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Configuration 11 BombBay A

Deflector B-O
Separators C

Doors off

Figure 9.- Continued.
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Configuration 20 Bomb Bay A
Deflector B-3
Doors A

Spherical bombs

Figure 9.- Continued.
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Fig. 9 cont.

Configuration 24 Bomb Bay

Deflector

Doors

Figure 9.- -Continued. '
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Configuration 35 BombBay C

Deflector B-6
Doors C

Figure 9.~ Concluded.
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Frgure [0 - Results of bomb drops
and tuft studies
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Fig. 10 cont. NACA  RM No. L7D11
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NACA RM No. L7D11 . Fig. 10 cone.
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