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PREDICTION OF THE REDUCTION IN BOMB RANGE

CAUSED 'BY RELEASE COCILLATION
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1----- 	 •-:. 'D 1
1....4-2 	 ........, 	 1

1 =a.=
r---

----, 	 1
i

I c==7-.7.D
1
;

I 	 ......_
---,--
-....—C.•—■ 	 —L.., . t

CZ= f
'-. 7:1 : 	 f 	 ABSTRACT

---4
--:--- 	 I

DE-1--1.•5240-

1	
1---... ''---- Ar approximate method is presented for calculating the range reduction caused y

L. 1..:	tr release oscillation of a bomb. ",rith this method the release oscillation
1 	 C....p cr, ing any particular rance error may be calculated. Appendices are included

nstrating the application of this method to the }k 5 and la 6... It is evident
that measurement of drag coefficient at large angles of attack will be required
for these configurations, before the most accurate prediction of range reduction
can be made using the technique outlined in this memorandum.

Since the amplitudes of release oscillations are nrictions of the carrier a& yell
: .ez the bomb and ambient release conditions, it is aoperent that neglectof re-

lease oscillation in reduction of ran;:.e bsmbang introduces a significant lack of
re .peatbility '.:11.1ch sho'.11d not be attributed to the bomb alone.
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to demc t one-half amplitude - necondn

• tiry!t d7 to o:leenth amplitude - seconds

-2
a

= period of a motion - sccondz/cycle

2r

rrite of a motich - raliaz per second

• = frequency of a notion - radinec

= 	 \
V -̀ 	C

M 1

c

• = base of natural loT,arithms

t = time - zeconds; eqral to zero at release

= time from release to the midpoint of the htb-half cycle - second:

TT

= zi1c etween. the mea= trajectory tanent i!uric a half cycle and
the horizontal. - ralinnz.

a = an:le of nttack - 	 in radian measure in all equationo in this
rerort.

ch a 	 drc,me.l at 	 midpoint of the

G O

:fa = rate of 	 c (n7 	 o: 	 - rad/zec
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t}f lift 	 a ten=13 to zero - per radie_n

MOrne :":".

:.c'-e- 	 a.3 a t ' to zero - per radian

Deff"icifnt cYr-:e ar; t% 	 lift: velocity tenAz.
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DT3CU33ION OF TI TORY

The reduction in ran7 raze 	 clea,:;e ,c): 'nation can be predicted theoretically
sz outlinc below.

The oscillatory mction of a bomb following its release from any carrier can be
approximately reprecntd by the followini7, relation, when proper values of a o ,and w are used.*

a = a
oeP t sin wt

Min motion damps 	 1(,) per cent of its initial value in time T1/ 10. It wi. be
ascumed th%t. 	 no additional retardation is caused after the motion has
damped to 1/10 amplitu.0

	

	 From the above expression al ,',C is calculated to be

log- 1/'10

T 	 = 	1,10

Duriag the time 11 . 10, the motion roes thr0u.7h.a number of half cycles given by

1/10 -2.3w
P/2 	 rg.

A retardation incremen%erises due to the increased drag during each of these Nhalf cycles. For the k+4 half cycle ue can aoproximate+ the range reduction caused
by the retardation increme,lt in the following manner.

A Rangek 	(decrement of horizontal velocity caused by the retardation increrent
aszociated with the lea half cycle) multiplied by (the time during
which this decrement in horizontal velocity exists)

To e7aluate the range reduction caused by the complete 'oscillation we can
v 	 sum,

over the 3 half cycles, the reduction in range caused. by each individual half
cycle.

*T/4, approximatio%s are involved ;c:c. =Irst it in assumed that g and w are con-:tant for <or 0 	 c , which is reooarj!ly correct for small amplitudes but be-
7cnerally 	 for larre::;econdly, the equation for o

neglects trannverse c.c. Tontion due to lift forces which exist for a O. This
seconJ approximation sr:ould canje no significant inaccuracy.

+In a vacuum the stated technique would he exact, since then the relation of
ranze u (horizontal relcJI.:;e vclocit: , ) 	 ;71mr! of Fall)) is a true equality.
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The prewloun expression. for N will renerally not yield an integer value. However,
in the following, portion of the report TZ will be taken an the integer closest to
the number calculat-ed from

-2. ?N 	 —"—no

For any particular bomb at a given Mach number the variation of CD wtth a may be
represented quit:: accurately by s power series in a. For relatively small ampli-
tudes, say .35 radians or less, a parabolic variation i3 sufficiently aceurate.

In gnncral, we asb= the CD at a particvdar Mach nunbnr can be reprezented M5

follown:

CD 	 d i e + d2 a2 + d,c3 + d 4 a + d 5
c5 .

"Do

Using this expression and settinq

a =a sin wt 	 a e
r.

qv
(2k-1)-t--2w sin wt

we evaluate* the quantity

1-7/2
m 4
	
{c (u) -CDo] q S dt

ar5

qtt6 	 (2k--Z a, 2 " '(? -1)22 	 2 	 2w
(2k 1Pk---"

[ 2d1 ae
4
 + 	 a 0

m 	 220 	 0

, 	 (2k-1)UE
`---=e". (2k -1)

+ 	 c„ 	 4 	 ,, ;41
'4 	 -

Evaluation of tbt3 intc..7n:L is -rririn'd ln 1-.PFEIX III. The aynanic prenzure,
q, has been taken an constant durinj, this half cycle.
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	For cane where the dr -- pi;: - 1 	 low no that q varie a2preciably and con 	 de-
partn ninificsntl.y' from unity durih the time T1:10 u::te of the prectdiug Zlquation
for R U recommend.

In many i%ntancen It JU enufficlently ncrate to 1.2_;e the value of Q at re-
leano and co:: 0, . 1 uring the time T1 /10.

theae additional approximations we can write thrt the ran,e reduction. is
represented by the following re)ation.

R = —mu

(2k-1)21-1 	 n, 2 (2k- --1) Pr
[T.O.F. - t r,] 	

% 	
2t.) U

L 211 e 	
+ 	 a e
220

(21,1)222 	 , 	 Pon
s

- 	

(2k-1)22M
a'e4 1 " 2w

1, a ,2
4 •

- e
2w ]

3 0 	 4 0 	 0

'or releace from a : -7.iven alt.ttuie at a 71ven each number either oT theze relations
red1;,,, 	to

	

2 	 7
r.a 4 r a + r,a ) 	reo 	 2o 	 o

	

eonntan: ri, 	 :leane,I. by comparlooi wltb the aplicable
fr)r
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From this equation tt is apparent that the effect on range of any release oscilla-
tion may be approximated, such tl'iat a a priori range correction may be applied.
for release from any carrier, if the release oscillation from this carrier is pre-
If.ctpble. 4

E. T. CLARK - 5141

1/294
2-19/29A

- 	 Bight, 5100
- C. E. Hansche, 5140
- 	 F. Cox, 5110

21/29e - R. 4. ;Thebtard, 5120
22/23k - K. W. Erickson, 513Q
23/29A - 4. C. Scrivner, 52 !

24/29A - G. C. McDonald, 1210
25/29A - C. E. Runyan, 1220
26/29A - E. H. Draper, 1240
27/29A - R. A. Bice, 1260

23,29/29A - G. M. Byrne. 1)25-3

* Ref. aye. : 1921-3-(90) st,ows that for a c;iven bomb a linear relation between
release oscillation amplitude and a parameter 	 should exist for each

AJ

carrier. Thus release oscillation amplitules may be resonaly well predicted..
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Figure I-1 presents a plot of Ria versus Mach number f..Lr the nk 1-7,:o.M) for
lease oltithies of 10,000 to 	 YDO feet. From this plot the range reduction m9y
he ca7culated vith fair ecel..;ravfor c o not exceeding an eotimated .35 radians-

tf,, the United extent. of available exnerimental data indicated in Figure

I-1 arise from a more rotd increa:;c I
71.77_o of atar.n: no 	 he,:t at either Mach .7 or Mash .9. ('.Jee Fiore

pecoliarit:: Sao arisen from a flow separation nbenomesor at the low -.rind-
tunnel test Reynolds numbers, it is probable that the calculations at Mach .8 are
less applicable to full scale than at other Mach numbers.

Fig,nre 1-2 presents range reduction versus amplitude of release for release alti-
t,:de: of 10,000 to 4-0.00 feet and Mach .6. To obtain calculated range reduction
applicaille for lar7e a o , a 5th degree polynomial was used to represent CD v3. a.
This polynomdal representati= 	 inaccurate for mall a o . Therefore, Figure 1-2
conoicts of a re-plot of Fi1re I-1 data for small a, faired smoothly into the
710t of the range red1;ctisn apelic9b1c for la.rre a o . This procedure yielded rase
reduction values Ihich are approximately correct ler all a o less than 1.3 radians.

Also shown in Fir2ore 1-2 are four "experimental" rar,F;e reduction figures obtained
as the difference 'etween the measured range of four drop tested units and the
calculated range of her units for zero angle of attac h .

It appears that the experimental range reduction values are larger than alose cal-
culated. This is ascribed in part to the range reduction canned by small bomb trim
which is exhibited by most :a 5 untts, but which was nezlected in obtaining the ex-
perime%tal range reduction figures.*

1-3, L., 5, and apre5est the :Lach variations of CL, Ci, 	 + c7 ,2 ,

cersun a which were used in the calculations of range reduction. -

t- ne value of 	 in roizure I-1_, for n:....^11 .8 at a = 1.58 radians (93° ) was obtained
-Ismmin7, that the n7: 5 at this an-le of attack has practically the sare drag

as a rt - . t circular cylinder wit:. fineness ratio 3. CD 	 klio,m+ for
'ler In i--7)mpre - sitle 	 ntcsher flow. Extrapolation of

me.Las -..-13.,Ja ,a also thou ntter s...reent if they -,7cre all
ree.,?.. toa tonic of t. st..171thlri 7.4".:71t of inertia, -zeint, and dynamic pressure
versus release Mach 	 in the calculations of this report. Since •
these data are not of priary importance to thin report, this laborious refine- •
ment is deemed Lhnocccosar:.

. 7)017f and 71.0:7D107 .1, p ?,43.
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thce two weapons th gk5 release pron).em is hovever most severe, 5ince itn
IC: moment of inertia , ompe_ml to the Mk 6 vimos to appreciably litgLer value:; of
a:, for 7.imilar relen.se conditions.
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APP:.7 .T'IF. Il

mIK 6 RANCF, Pj.70=1:0!:

7.'iturc 11.-1 preento a plot of R/ 	 veroun !!.c.ch ro..mber for the Mk 	 Bomb for r-

lenc r..ititkA,7> of 10,) to 1L3,.)00 feet, from which the rax 	 reduction due to

an eni117,tion of initia1. amplitude lezz thr.r. .35 rtlite.n1 me.y he calculated.

of i7 .,teret to co7yre Figsrcs 1-1 a.nd 	 whit repre .7.erlt R/ag for the
7 	 roestively. For :lac'h 	 the range reduction

111 ,:c reiccsc_cendAtiots criti corresoondinc to zt pp.rticular yndue of ao 13

-1.1:tter for the 	 t th9.n for the !lk

the oppotite is true, due pri7.e.rily to the marked incredze in th re. 5
1.r ,17 d ,:e to an7„ic of atto.ck, which was mentioned in APPDIX I.

Fig-ures 11-2-5 present the Math variations of 	 C, Cmq Cmq, and CD versus

a 	 L7 the calculritionn.

che_retcric: 	 in thene c.ilcuic.tio!is tare

. 263

1188 slug-ft
2

- 5 ft.
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