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ABSTRACT

de%lopment of irregularities duo to the “Taylor Instabilityn is

the two-dimensional C%SQ. The rate of slugulation is calculated

for tivoapeoial type8 of irregularities. The application of the results to the

ofi’ioienoyof explosion of nuolcar
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SLUGULATION DURING &Pti&I?Nl %_:??O”&YLOR 1NSTABILIT%

Taylor has oa;lledattention to a hydrodynarnioaltheorem whioh states that

the acceleration of a more dense material into a

existent irragularitielsat the interface between

mixing takes plaoe~

the implosion of’the

initiations but more

be evaluated. Thus,

Mixing due to the so-oalled

less dense material oauses pre-

tho two materials to grow1) Unti1

‘Taylor inskabilitys~plays a role in

bombs especially in oonneotion with oertaia proposed types of

important~ its effeot on tho efficiency of the explosion must

wheu a bomb explodes the active material expands and a shook wave

is sent into the tamper? this shook wave has

tamper in front of’ite The oonditimc for a

present and it is nooessary to know the time

a muoh higher density thtinthe untouched

Is!~ ~or instability” ares ther~fore$.ry

development of irregularities in the

ehook whioh may have arisen~ Gays from an asymmetric implosion. Ai%or a suffioieutly
,

long times slugs of tamper material will be formed and mix in with the aotive material

with a consequent loss of efficiency. A knowledge of the rate of slugulation and the

maximum amourrt of tamper material whioh oan bs transformed into slugs under different

initial conditions will permit more realistio oalouls.tionsto be made of the bomb

effioiencyo Sinoe the average density itithe shook wave is at least ten times the. .

density of the un~hooked tamper. +;hisis true in the early stages even with radia’bion-

it is possible to regard the shoQk wave as possessing infinitesimal thiokness~ Suah

an approximation is equivalent to the assumption that %= 1 {~ is the rati& of 8pecsifi.O

heats at

the Walre

wave2).

oonstant pressure and volume and is
.

length of the i$regulwity is large

.
IPith k $

.

u~ually about 104) and should apply when
;

oompared to the thiokness of the shook
t{

1). Xf(?l and’z2 are

1
[

densities of the two materials ( )S kis t?zewave
number of the irregul rity~ and a 3.sthe Ye ative aoceleration$ then the “oharaoter-

( Jw[.:.:m:
istio time of growth” is

●*. ● m. ● *

2)0 The mixing phenom.enhassociated with the ~jnitq @do’&e~s ~f~the shook wave are
● inverjt,i~tedelsewhere by Bon’er6and ‘1’Veis

flE\A$[f\@

●
●* 9.*9*9* 9
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With the assumption. %0= ~soa#d ~e ~~th~f-estrio+.lon that the irregularity
● e.. *e

9008*O ●.
is two-di&n;~&&l, it ie simple to write down the equation

,../”
I #“

)
of continuity and the eqwatious of motion. Suppose m is the..’ .

I 5“h -“--;;’””’-’

.
mass per unit Lagrangiaziare length SO (i.eo~ So is the aroi .

i. length measured from some referenoe point at the initial time),
i

FIC ~ % “’
the pressure defined as foroe per unit Euh%itn wo 2ength$ =Q is the normal den-

,
.

p is

sity per unit area and X(SO, t)~ Y (SO$ t) “aretho Euleriun coordinates of a mass point

(1)

1

(2)t
I
I

(3)

area swept up

..

per unit time per uni.bSOg Eqso (2) and (3) are the eqyttticxksof motion and relate the

the appropriate oomponente of pressure- whore

to the shook-wavo contour a-tall points and

inorease in the

the pressure is

for all time.

For our

components of moinentato

preaumod to ad normally

purposese it i6 necessary to assume that the pressure at the baok of the
..

2 6 t where p. and a aroincreases exponentiallywith time~ i.e. p = P. eshook w8Vf3

at
Introducing a new variable;= e , denoting differexitiationwith respeot to

.

and with rc+speo%to So by a prime and ohoosing the unit of pressure so that

eqpatiorus(1) - (3] beaane~

.

CMX.lstantso

“’bya dot./

pJa2 = 2,

(4)iia=$zj(yxQ.iyq)
(D+y) = 2TX’ (6)

.

. . .
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When no irr~gularity is present, eqlf&t2b@”(~J ~e”~j
——

well-known
● 09...@ ● *

● **.
:

=esult for a plane shook wave with”g~:%~ n&ly+&~ the pressure at the front of the

shook wave, i~e~, Go y &2y/bt2 ie one half the pressura a+ the backo That this is 80

follows immediatolylfrom (4) - (6); x= So55const, so that (4) yields.m=cro yand

(5) (ti)=va ;: we have made use of the tact that m and y are zero

~n~egratiw the seoond equation age,inlads to Y = t/J~. Consequently

. p ‘2a+/ 2 and the fiosxtpressure is one-half the baoko
i

Eqs~ (4) to (~) oannot bra solved analytically for an arbitrary

~(so, 0) = %0(%)* y (s.90) = Yo(%)o (T=xl oorrespondq to t =

taken ak the initial tisneo) However, an expansion in a powex cwmi.es

to be quite convenient We write?

pressure. .

initial irrcgularit~

-~)whioh is

in~turne out

(7)

+
where - and ;

representation

W’ we have

. .

are funat~ons of So and T determined by Eqs’~(4) to (6)0 That the

(7) is permissible oan easily be oheoked by gmbstitution into (5) and

Y= %g# “+ Y()’”y” c

If ~definetheradiuls of ourvuture at anY Poi~t So as R. (S.) ‘arot/yo-, it follows

from the identity X92+ y92= 1 ~~at R. is ~~=0 (.yc(/xC”)o Substituting for Xo”s YO1l
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the ooef~ioieuts of ~ t and y.s in (9)s we find for is ‘~ the ooupled diff-

equation88

(Xkb) =2 ~(1+~’w$/Ro)

(m~y)== 27’(+ ‘ + ~/Ro)

An ident’ioalprooedur~lapplied ~0 Eqo (63 leads i~.ediately

Eqs~ (10) and (11) are the equations whioh are to be solved

(lo)

(11)

to-the same Eqs. (10) and (11

together with (4) whioh oan

.

(12)

be

We

(X3)

(14)

= 1 Sinoe m = O when ~= 00

the $ ~’s and
-’l’n’sTooeeds ‘n ‘he

The series start with n

cu8tomary manner and weRvaluation of

find thst the first two

.

$hi’ vanishp $Thus e may write up to third order2
;.

1
.

(15)

motion of’every point of the irregular surfaoe is normal to ‘

only enters in third order oan be used to obtain very simply

Eq. (15)

itself.

tissf.wix that the

The i’aotthe.t‘{

higher coeffioierats.

.

●

Xa have calodated the first six sets of’uoeffioients withthe

the

+
3= - 0d22@ ,

q.), = %26 “@-3 (#??J’
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now wish to apply our resuIts to the exploding gadget and study the slug development

the shook wave in the tamper due to,irregul.aritiesin the original intorfaceO lt

oloar.and am immediately be dori.vedfrom ?3qs.(10) to (12) . that oneohalf’of the

tamper material swept over by the shook wave will be oonoentrated in slugs when the

6hook wavo has travelad a distance large compared to the amplitude of the original

irregularityes. The asymptotic value 1/%?arises from the assumptions that (a) the

~hook wave and the initial irregularities on the interfaoo are all p).ane~(b) the

shook wave is infinitely oompress.ed,and (o) the pressure behind ths shook wave is

spatially Constant. lfasmmption (a) is lifted and the three-dimensional case is

o,onsi.dered~the value 1/2 beoomes 2fi0

While it is aertainly worthwhile to know the maximum amount of slugtilation$
,

it is also of inter@. to investigate how soon the asymptotic value is reaohed for

. different types of,irregularitios~ Since the exact riatureof the irregula.ritywhioh

may be preweriton the interface at the star% of the explosion is not known, w have

studied two simple iimogu.larities,namely:

.

.
a--T”-6r--”---” ●
..0-.,-==-*-
● * ● . . . . . . .
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dlGGk WTiVe at ~= O and we have oozq?uted“yas a f%rmtion of x for increasing

using (16)0 The results for (17a) are shown in Fig. 1S similar results nra ob-

tained for (l?b),

It is 6oen from J?igQlthat as time goes on, more and mora of the tamper meterial

hits the Hne x ~ 3n / 2 to form slugs. It is found *ha% 30 ~~ of the material ie

slugulated after a displacement of 205 time8 the initi~l ~plitude: this is to be oom-

pared with the asymptotic value of 50 ,*C In the ease (l?b), where the wavo length

is

is

the same and the initial amplitudois 1/10 as great, 30 ~% of tho tamper material

alugulated after a displacement of 100 times the initial amplitude.

The above results demonstrate that the maximum amount of slugulation i~ read

bhed rather late and relatively later, the smaller the initial ~plitide. The eff’eat

of the slugulation process on the efficiency of the explosion is oerlxiinlyunfavorable-

sincm less mass is moved by the same pressure - but a quantitative estimate is only

possiblo if the distribution of 31ugs behind the shock wave and their rediation heat-

ing are known. The latter points tirebeing investigated by Bower~ and Weisskopf.
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