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NAVORD Report uo;3

Aeroballistic Research Report <«vy%

'WIND-TUNNEL INVESTIGATION OP VARIOUS CONFPiQURATIONAL
MODIFICATIONS OP THE LuY-DRAG BOMB

Prepared by:
Fred J., DsMeritte
Harry Gauzra -
e

he resuits. -~ an lnveezsigation
in the NOL 4G x 4. cm feroballisfics funns: No. 1 to study thse
static stability and drag of the low-draeg .omb at subsuv.ic and
" supersonic speeds, The fo.lowing vests were made:

(a) #%udy of configuratinsnal charges designed to ieduce
the yaw of the bomb,

(b) ﬁ;ag 35 the 250-n-und bomb with cupporting lugs (Mx- ul
‘bomb )

(e¢) ﬁtability of an 8-fin bomb with reduced fin span to
improve the ground clearance problon.‘%\\\\‘

?

U. 8. NAVAi. ORDNANCE LABORATORY
WHITE OAX, MAT/LAND
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This !-westigation was performad at the request of the Bureau
"of Urdhance (reference (a)) under Task Number A3d-4)3-1-5u,

The report covers recent wind-tunnel testsa in the NOL 40 x 40 cm
Aeroba'!liatics Tunnel No, 1. Additional work has been done in
the NOL firing ranges, t e Naticnal Bureau of Standards wind-
tunnel. and the Cornell transoni: wind-tunnel under the direct.on

cf the NOL staff,

Previcr:s NOL ropcerts on the aerodynamiss of the low-drag series
can re found 'n 1<rerences (b) threugh ().

MELL A. PETERSON
Captulin, USN
Ccmmander

R. KENNETH LOBB
By direction
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WIND TUNNEL INVESTIOATION CP VARIOUS CONPIGURATIONAL
MCUDIPLICATIUNS CP THE LOW-DRAL BOMB

INTORDUCTION

'l. This rep.rt describas invest.gat.ons carried wut .u

a #’ries .l low-drug b.mbs of the U, S. Navy, in the wind-
turnels at the Naval Crdnance laloratory. These bombs have
a 3hapd Jdeveloped by Douglas Aircraft. The four low-drag
bombs of this series are the 250 pound bomb, Mk 81; the
500 pound bomb, Mk 82; the 1000 pound bombdb, Mk 83; and the
2000 pound pomb, ¥k 84,

2. The tests made inveived:

a. An investigation of the configurational changes
to reduce the irducsd yawing moment and rolling moment of
the bomd and improve the dynamic characteristics.

b. Drag of the 250 oound bombd with suspension lugs.

c. Invest zation of the stadility of configuration
with fin span ez-al to the maximum body diameter.

3. The low-drag romd with two-degree fin cant is believed
to be one of the Lest boabs develope.”. ‘he erratic flight
mentioned in this repsrt applies to - -y « small percentage
of the bombs drc:.pad.

Symdols

A area 'waximum) of *he body (sq. in.)
c.n, center of gravity (42.5 per cent langth from

’ the nou?
CDo drag ccafficient at zero angle of attack (Pp)
Cp drag conefficient (ig) <

q

Cy normal force coeffiocient ('N)
c, side force cosffiolent (!*?

" q
“a rolling moment coefficient (%)

q

'f:‘. yaning momant coefficient &_

QAd
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: . pltching momert coefficlen MG ) referred te

Cs £ c?:l.); e efficient ((W)
o model diameter {(1l.4yy in.)
Fp rag (1lb)

Py, rormal force (lb) '
P sid~ torce (lb)

. model lergth (see model sketzhes)

K% pitealrg moment {in/lb)

- .. yaw.irg moment (ir/1b)

Mg ' rolllng moment (1ir,’ib)

q dynam.c pressure (psi) see Table 1

e Reynolds number (based on model length)

- (see Taple 1)

angle of attack (deg.)

Discuaaion

4, 1me 3tudy of configuratioral changes of the lowv-drag
bomd way a resul: of recurring indicatiens of .instapiliity of
the borb during droups.

. Early in the drop tests of the bombs it tecame obvious
vhat the bomb was yawirg badly. It aopeared probable that the
pitch freque:cy and the roll frequency were becoming equal
4t z2bqul one o, cle per sevund and that the bomb was locking
intc resorance. Tnitially the .n cant was zero degree with
4 manufacuring tilerance f ! v.5> degree., Calculatiocn
shuwed that accldertal fin cant within this tolerance could
produce sufflclent roll to cause resonance. Hence it wae
‘e;tded to cant the flunr two degrees and thus produce a roll
~.ch would te t.o large to result !n resonance. This . 'rnge
.,pea »d tC curs the trouble with the low-drag bumbs.

R M. PRI Sl BWINE A0 SBve S

U, scveral years lator,‘however. du-ing dive-bombing teets,

laurge yaw redrpeated i1 4 few ¢f the drops. PFlgures 20 and

2, present tne yaw hlstory of a drcp made at Chincoteagi=,

Virgin.a.  The t'igures show the vomp beginnirg to damp then

urdamg and later damp agaln. The key to the problem appears

to be the ruil-ivek-in. The rproll history shows that the roll

1rate of the tomb Luu-eaaea from zero to about one cycle per

- seco..d, then "locks in" and the bomb contirnues to roll unifoimly,

while rolilug at this rate ths bomb is in 4 reasorance condition,
\ The yaw .rurcases urt.l a lurge angle 1s reached, Wind-tunnel

tesgts a% the MNatlounal Bureau of Standards shuw that large rolle

irg momenls are prevent at lardge angles of attack. These large

——— e -

| M -
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moments cause increase in rcll rate, breaking out of resonance,.
and ~n approach <o a ateady state rolling frequency of 7 to 1C
cycles per second. wWhile the ~oll rate is in2rensinz the yaw

~nnw

decreases ranidly ard the bomd falls satisfacterily.

-

7. The conditi{cn for roll-lock-in 1is

L 4+ Lg ¢+ L =0

where;
L = Recllirg nomanﬁ due to fin cant
Lp S Roll damping monment

t<

Induced rollirz moment

Wird-tunnel tests show that the induced rolling moment causes

the roll-lock-1n. Poasible cures fcr roll-lock-in appear to
be _

t. reduce the induced rolling moment
b. 1ncrease the fin span

When roll-iock-?n occurs, the low irag bomb experiences what
is known as "Catastrophic Nrowth ® Yuw" at rescnance due %0
yawing moment, To cure thiu:

a. reduce yawing moment

b. increase fin span

¢. 1increase damping mumernt
d. reduce nutation amm

Wen it was first learned that the bomd was yawing bdadly,
studies were made to determine if the Lrouble was rescnance
or Meg;mus instability. Calculaticn of the damping rate of
ths precesaional and rutational arms showed tha® the present
bomb was prooably not experiencing Magnus instabllity; but if
the steady state rolling velocity was increassd by more f:n
cant, Magnus instability could occur. Therefore, increasing
fin cant in hopes of preventing "1lcux-in" did not appear
feasidbly, 3ince the bomd experiences difficulty at large
angzles of attack, two methods appeared promising in preventing
the erratic flight,

and chord to increase the pitch daaping and tne other method

was to investigate fin shapes which have low {nduced ™olling
moments and low yawing moments,

One method was to increase the fin span

3
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‘rduced *oll Prog.am &nd Large Fin Program

. The felliw!rz conftourations wore reported ir this
vest prugiam, e oL fogarations are reporived lrn references
e aund f :
ta.  basic lew-drog bomt (no f£in cant) ;;O"vﬂs 1,24
(L) - degree (.n cant Pigure 2
v¢) l.ou, d span tall Figure 4
{d) <2.u> d span tail Figures 5,0
(e) large nuse vanes ‘ Pigures 7,9
(') 3matl nose vares ' rigures J,9
(z) i.tu, d o span (tail noved rearward Figures 3,4
¢.213 inghes) , L
" ‘L) end plate © Pigures 13,17
{-) box shroud , Figures 15,1/
o J 1/2 box shroud Pigures 10,17
(k{ porous box shroud © Plgures 14,17
\lg o fin model Figures 12,17
(m long chord (1.4 d span and chord Figures 10,11
of 2.Uy d span model) ‘ ‘
(r.) body alcnhe . Pigure 18

Y. The conf.gurations were all tested at a Mach number of G.91 or

U.9¥9 at a fin roull orlentation cf 22.5 deg:ees. In addition
scme ccnfigurations were tested at fin orientations of zero
degrees and 45 dogrees and at Mach rnumbers ¢f C.SC and 1.5 or
1.98. Figures vul, v2, and o3 show, in tarograph form, a com-
parison of the various configurations. It should be pointed
out tnat the nose vanes were placed in such a position, due to
model constiuction, that & loas of stabtlity resulted. If the
varnes had been placed on the center of gravity or aft of the
centz2r of gravity this would nut have occurred. The porous box
shroud was selected as a configuration because .t was belleved
tnat the solid box shroud would be unstable at transonic and
superson.c¢ Mach numbers. However, tne solid box saroud con-
tiguration wae stable at the Mach rumbers tesied. Photographs
and s«etches of all tne models are shown in Figures 1 through 18,
Pigures 2o throuzh 5Y are plots of nurmal force, gpitching
mcment. rolling momernt, side force and yawing moment versus
anrgle of attacx.

10. The effects ol the l:cduced rulling moment were investl-
gated by free-spin tesis al the Matioral Bureau of Standards

on a pumver of modificalions ‘v the fi..s such as tuist, tangent,
sweep and a' tne Naval vrdna:.ce .u oravury us.ng cornfigurations
which are altered mose rud.cas.y (ref, .

4
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Reduced Fir. Span Program
.. Treo-.. 133 veern some . .rterest in reducinz the fin span

of tne _.= (g vomb. This would aid the ground ard alir-
c'are cle.rance prob.ems., Tests were made (reference (d))

" of ar. eight-fin tomb wi*h a fin span of une diamete:. The

cuenf.gurat.or. was unstable. later an attempt was raldc to
stah!lize the configurat.on using one-half and onf-dlameter.
chcrd snrouds. Photographs and sketches of the configurations
are shown in Figures iJ through 22, The shrcuds stabilized
the pemb at the superscnic speeds but at the transonic speeds
the bomb was still unstable. Pigures 56 and S7 show the data
obtained for these conf.gurations.

Effect of Lugé Program

12. Tests were made of the Mk 81 (250 pound bomb) with
mounting luga. The stability datc for the lug configuration
are shown .n Pigures 58 and 59. Note that th:s lug seems to
cause a very slight change in tiim as would be expected. The
drag coefficlent was greatly increased as can be seen in
Figure ©0, The drag coefficient with lugs compaired favorably
with free~flight drop data obta‘ned informally from the Bureau
of Ordnance., Photographs and sketches of this configuration

~are shown 1in Pigures 23 and 24.

Models, Balances, and Data Reduction

. 13. All the models and baiancos were designed and manufactured

by the Naval Ordnance Laboratory. The models were manufactured
cf steel and are shown in photographs and sketches in I'igures

1 through 24. The datez were obtained usi a six-compouent:
strain-zage balance (5-16) (see refevencen%g)).

14, The data wers recorded. usi thé automatic data recording
system explained n reference (h), The raw data are recorded
into IBM cards ard the data are then reduced to coefficient

form by IEM machines using the data reduction equaticna given
.n reference (1), '

15. Test conditions are given in Table 1, All angles of
i1ttack were corrected for the static aeflection of the calunce
ating due to the aerodynamic loads, An index of the plotted

data is presented in Tuble 2. The NOL sign convention is
shown in Flgure 25,

CONPIDENTIAL
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Tonclusicns

1v. Flguras 41, o/, and 63 s.Gw the effect of confivuration
Thanges on o the -itoning nezent, yawing ncrment, ind induced
Tollilng nonent o% 4 Ma n nuaber of arrroximaitely $.9 and

N onumter 1, ). he conflgurations with large increases

. megant - r _4rge .eCreases in the inquced rolling
noment and y owine noment are configurations wiizh should
ore ralliLtility than the dasic low drag boxzb.

L7 Tids re-crt is intendec as a rrogress rerort on tre

wOor< ccne on t:xe low-sirag bomb in the NOL wind tunnels., York
s cintinuing L0 taeé LCL w:.d vwianel on the i{nduced rulling
TomAnt rroliem ird tesi:i 4~m heing mage by N.L rersonnel at
the G-:ticrnal Sureau of Stanaards to Stuuy the induced rolling

LOTAnt, «na ut "ornell Aercnau*ical Laboratory to detercine

. .= Lransonl~ aerodynamics of the existing Loab, and firings

ars bei- g rcade in the LOL firing range to obtain more infor-
Tatllin 1 tne low-drag bozb.
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Fat'ere:
(a) Gritein, T. A., ‘Wind-unnel hkequest’ (WI'R 2do) ! Conf.) ,
1555 ' e
{b) favzza, H, T, . "5~"ﬂ“*1’ stlc Investigation of the EX- S
3omb 4t Subsunic Speeds,” NAVGAD Report 2614 Ccrf ) lw53

(¢) erg, <. E., Free Fl'gnt Investigation or‘the Stabliliny /
and Drux of Lne EX-lvu Gn,eral Purcose Bume,"” NAVOPD keport
2ilo (Conf. ) 14,3) :

‘4) L ng, J. E., "Low Yaw Duta crn the Low Drag Bomb (EX-10) !
at Trarn sa"~ Speeds (U. "~ M-1.4)," NAVURD Report 4227 (Cornf.) L
‘)5\4 ) ' g

{(e) F!'per, W. D., "Static Stabili*y Characieristics of the /
EX-10 Low Drag Bomb," NAVORD Report 4503 (Conf.) 1957 - ;

‘1) DeMertizte, P. J., Cauzza, H., Shantz, 1., "Miscellaneous . o

‘ Wind-Tunnel Tests on the Low Drag Bomb." NAVORD neport 5,02, ;
(Conf.) 1950

{s) Nicolaides, J. D., "On the Flight of Ballistic Missiles,"” ,./
PuOrd Baliistic Technical Note Number 1, 1Ybe (Conf.) v S

h) Nicola.des, J D., and MacAllister, L. C., "A R view of ‘ -

iercbali.stlc Range Hesearch on Winged and/or Pinned

Missiles.,” Buird Ballistic Technical Note Number 5, lyb54

n.colaides, J. D., "Pirst Primer of Bomb PRillistics,”

L Om! Technical Note 20 (Unclass.) 1955

Shantz, I., Gilbert, B, D., and white, C. E., "NOL wind-

Tunnel !nternal Strain-Gage Balance System,”" NAVORD

Repcrt 29,2 (Unclass.) 1953

giibert, B. D., "Automatic Data Processing System (ADAPS3)

Por the Supersonic ¢ind-Tunnels,” NAVORD Repcrt 2413

‘ (Unclass. ) 1y953°

{1) DeMeritte, P. J., Gilbert, B. D., and White, ¢, E.,
"Contract W!nd-Tunnel Testing," NAVORD Report 3562 (Unclass.)
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TARLE 2

INGF) To +LCTILAL LALA
FIN FOSITICN

SLlFIGTRATTIIY DEGRFEFS _MACH NO.
Fody al. - - C.%
Fecic 2.5 c.%8
:)O fln k.’:.nt C C.a
2° fin .. nt 13.29 0.3
2O fin ~z .+ 2.5 C.8
2° fin cant “er 0.8
2% fin cant “5 0.6
1.¢¢473 @ s;an C c.8
1.¢£74 @ cran 22.5 0.0
Fasie 22.% n.8
2° cane 2.5 0.95
¢ Fin 2.5 .95
large checrd 22.9 0.91
Easic 22,5 N.95
1.¢¢7R d cran 2245 C.91
2 d spen 22.5 C.95
Baz’~ 25,8 G.9%
Forous box shrcud 22.5 G.91
Solid box shrouc 27.5 0.91
1/2 iex shroud 22.5 0.91
Basic o 0.7%
Fnd rlate 2.5 0.91
larga vane 22.5 0.99
vmall vane 27, C.¥5
Easic 22.9 0.95
Fnd rlste c .91
Lasic C 0.91
1,67 d sran (¢ 0.91
Large c-ord c APRED |
Small vaure o] C.95
Large vane 0 C.95
kasic e C.%1

CONFILENTIAL
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TAELF 2 (Conts)
INDEY Tu PLOTTEL DATA

" FIN GRIENTATION

S NFIGURATION
=2 Al

—

6 Fin
¢ Fln

- Basic

1/2 Box shroud _

Forous Eox shroud
Sclid Fox shroud

kasic . :

¢ Fin
2° cent
Eody alone

Fasice

2° cant
l.6€¢77 d span
Porous Box
Solid Sox

Fnd FPl-+e
Easic

¢ Fin ,
Small vape -

Large vane

% Fin, full shroud
8 Fin, half shroud
3 Fin :

“ Fin ‘

8 Fin, fuil shroud
3 Fin, half shrecud.
2 Fin '
L Fin

2504 E8mb with Lug

250# Fomt with-:ut Tug

2504 Eomt with Lug

250# Bomb without Lug

DFGHFEY MACH No, FIG, No,
c €.95 46, 47
15 0.95 Le, L7
0 0.91 Le, 47
Ly c.51 Lg, L9
Ls 0.91 L3, 49
D) .91 by, L9
¢ 1.58 50, 51
o 1.58 50, S1
.- 1.358 50, 51
22,5 1.57 52, 7
2.5 1.58 92, 53
22.5 1.57 52, 93
22.5 1.57 52, 53
22.5 1.57 52, 13
22.5 1.57 54, 55
22.5 1..7 54, 55
15 1.98 5, 55
22.5 1.58 By 55
205 1.58 4y 55
) C.94 56
n C.93 56
.0 .25 58
c 0.61 56
0 1.58 57
0 1.58 57
0 1.58 57
o] - 0.9 53
n 0.94 58
0 1.52 59
0 1.58 59
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FIG.1 BASIC MODEL (NO FIN CANT)
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FIG. 5 2.05d FIN SPAN MODEL
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FIG. 12 6-FIN MODEL
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FIG. I3 END PLATE MODEL
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FIG. 14 'POROUS BOX MODEL ~
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FIG. 16 HALF TIP CHORD SOLID BOX SHROUD MODEL
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FIG. 18 BODY-ALONE MODEL
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