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ABSTRACT

The time developuent of irregularities due to the "Taylor Instability" is
caloulated for the two.dimensional case®, The rate of sluguletion is oalcul&ted
for two special types of irregularities. The application of the results to the

efficlonoy of explosion of nuclear bomb is pointed out,
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SLUGULATION DURING EXPLOSION D e ‘10 thLOR INSTABILITY

Taylor has ocalled atteution to & hydrodynamical theorem whioch states that
the acceleration of a more dense material into a less dense material causes pre=
existent irrogularities at the interface between tho two materials to growl) until
mizing takes place, Hixing due to the so-called "Taylor instability" plays a role in
the implosion of the bomb, ospesoially in conneotion with certain proposed types of
initiation, but more important, its effect on.tho efficiency of the explosion muat
be evaluated. Thus, when a bomb explodes the active material expands and a shock wave
ig sent into the tampers this shook wave has a much higher density thdn the untouched
tamper in fromt of it, The conditicns for = ¥Taylor iﬁstability“ are, therefore,
present and it is nocessary to know the time develomsent of irregularities in the
shook which mey have arisen, say, from an asymmetric implosior;° After a sufficiently
long time, slugs of tamper material will be formed and mix in with the active material
with a cénseguent loss of efficiency. A knowledge of the rate of slugulation and the
maximun amount of tamper material which can bhe transformed into slugs under different
initial oconditions will permit ﬁore realistic caloulations to be made of the bomb
efficiency. B8ince the averags density in the shook wave is at least ten times the
density of the unshocked tamper, *his is true in the early slages even with rudiation-
it is possible to regard the shock wave as possessing infinitessimal thiokness. Such
sn approximation isg equivalent to the aasumption thet ¥= 1 (¥ is the ratil of specific
heats &t constant pressuro and volumoe and is usually about 1. 4) and should apply when

the wave length of the irregularity is large compared to the thiokness of the shock

~

wave?), wWith & ; i
£ B
1), If(? andl , are densities of the twoi matorials ( }s k 1s the wave
number of the irreguldrity, and a is the rejative aoceleration. then the “"character-

istic time of gr°Wthn 1s JngJ%%) % o oo
Y in S

2.. [

2). The mixing phenomena associated'WLth the fjnite ﬁhioanegs of-the shock wave are

investigeted elsewhere by Bowers and Welsskollfg  — - —o-tit “:ﬂﬁnlﬁss ﬁ.{n
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With the assumption, 3¥= 15 agd &he t’uz!thé..restmo‘rion that the irregularity

is two-dim.en&;:{:)n;l ,.?a..t ..’:; .simple to write down the equation
".',,'" ./"\ of continuity and the equatlons of motlono Suppose m is the
! 3,5,, ""/;\’“ mRss per uanit Lag;rangmu arc length s (1°e°, S, is the arec
b ' length measured from some reference point at the initial time),

FIe ¢ X
p is the pressurs defined as force per umnit Eulonan &ro length, &g 18 the normal den-

sity per unit ares and X(SO. t)o ¥ (So, %) are the Eulerian coordinates of & mess point .

8, at time t3 then we get (of, Mg, 1):

M oo oo [ay wx »x d _J
gl -y )
' ® = . OX
y (C#) % @
ox \ . k)
> _) = o 2
3 ("‘ 3% P 35 i ()

Eq. (1) is obvious and relates the increase in m per unit time to the area swept up
per unit time per unit Sy. Bgs. (2) and (3) are the eguetions of motion and relate the
inoressge in the ccmponents of momsnta to the appropriate components 6.€' pressure- where
the px.'essure is presumsd to act normally to the shocke-wave contour at all points and
for all time.

For our purposes, it is necesgsary to assume that the pressure at the back of thg
shook wave increases oxponentially with time, 1.0, p=p, o 2¢ %t yhere Po and a are |
cmnst'..am't:so Introducing a new variable o= oat, denoting differeutiation witlj respect to
7 by & dot and with ;'especﬁ to S, by @ prime and choosing the unit of pressure so that

pu»/az = 2, eggations (1) - (3) beocome;

R=agp (yx® -xy’) (4)
(nTy) = 2Tz (5)

INEL ASSIFIED

(myx) =-2Ty"
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‘fhen no irregularity is prosant, eqme:mm-(-g) ter B8] should Tead to tie well-known

rasult for & plene shock wave with X‘a‘ mmaly “Rat the pressure at the front of the

shock wave, ioeo, oo ¥ bay/bi:z is one half the pressure at the back, That this is so

follows inmnediatoly:f.‘rom (4) -« (6): =x -'-'v'So = const, 30 that (4) yields.m = go y and

(8) (y¥) =T/ oo 3 we have made use of the fact thet m and y are zero when L= 0.

Integrating the second equation agein leads to y =-L‘/J:O Consequently ¢ 2 btz =
(o] ) J b/

2 a
po / 2 anrd the frouot pressure is one<half the baock pressure,

Bgs. (4) to (6) cannot be solved analytically for an arbitrary initial irregularit)

X (5q0 0) = Xo (85): ¥ (8910) = yo(S0)s (T=-0 corresponds to t = - ©O; which is
;baken a8 the initial time,) However, an expansion in a povier. series in [ turns out
to be quite convenient, We writes
x (55, 1) =Xt xo e yo ‘4' A\ ) (7)
¥ (So:T) = ¥o + %0+ (/:"' Yo}"’-‘} g
where '}'and ! are fuﬁutions of § and T determined by Bgs, (4) to (6). That the
representation (7) is permissible can easily be ohecked by substitution into (5) and
(6) we nave
Y=t t oyt -
P AP r Y
x x,. + (xb"; +oxg" \f.f ) - (y04+ ¥,' -,P )

Inserting into {(5), we gets
imt (xo‘\',t + y'a" )UE |
= t’ '[x@' * (zou.p + xc'\y.) - (y°:¢.+ yo" \/) '(8)

'
If wo define the radius of curvature at any poifit S, as Ry (5,) = xo"/y ., it follows
Q

from the identity x*% + yo% = 1 wHat R, ig also (-ycl./x‘,'”)o Substituting for xo"» ¥o"

irto (8) and rearranging terms, we Beti

= [ncf]« waci] uums’g.lygygmj o

=2 L Xo [' 1+ ‘f/ ,,¢./Rb.: '%o ~re0e oo
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.00 060 600 000 o000 g,

Equating the coefliciecuts of xg' and yo' in (9); we find for {i’” Y the oocupled diff-

erontial equations;

@T®) =271+ =¥/ ro) (10)
wTW) ==-23(p* + ¥/ Ro) (11)
An identioal proocedurs spplied to Eq. (8) leads immediately to the same Eqs. (10} and (11

Eqs. (10) and (11) ere the equations which are to be solved together with (4) which can

be rewritten ass v ,
m—col‘ﬁ-- ﬁ’ y) +5@ (ﬁ!’"? ¢’) CLT:‘J (12)
We now expand ¢ and \y &5 power sariea in P,y o0

b (S0, TV = 2 *( DT

(13)
.\P (Se,7) = _ﬁf“_‘; an Se)T" ”

The series start with n = 1 gince m = 0 when T= 0,
Evaluation of the (’fn"’ and *;})n's roceeds in the customary manner and we

find that the first two \\)n".s vanishp, Thus we may write up to third order:

x=xo‘YO'¢{$ ' ' (16)
Y= ¥ * %' b

Eg. (15) assorts that the motion of every point of the irregular surface is normel to
itself, The fact that ¥ only enters in third order ocan be used to obtain very simply
the higher coefficients. We have caloulated the first six sets of coefficients with

tﬁe following resultss
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; ¢9! = 2??- /0-4‘ (%!;.) Z_/A_‘_:wg.?o %:. .E. E:.Slsjq’: = 74/;/ «70 " //.‘?? 7 (16)
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Yo now wish to apply our results to the exploding gadget and study the slug development

of the shock wave in the tamper due to,irregularities in the original interface, It
is olear.and cen immediately be deorived from Eqs; (10) to (12) = that one-half of the
Tampor material swept over by the shock wave will be ooncestrated in slugs when the
shook wave hes traveled n distance large compared to the amplitude of the original

“ irregularities, The asymptotio value 1/2 arigses from the assumptions that {e) the
shook wave and the initial irregularities on the interface ara all planes (b) the
shock wave is infinitely ocompressed, and (c¢) éha pressure bohind the shock wave is
spetially constant. If assumption (&) is lifted and the three-dimensional case is
considered, the velue 1/2 becomes 2/3,

While it is certainly worthwhile to kunow the meximum emount of slugﬁlation.'

it is elso of interest to investigate how soon the asymptotic value is reasched for

~ different types of irregularities, Sinée the exaot nature of the irregularity which
mey be pregent on the interface at the start of the explosion is not known, we have

studied two simple ikregularities, namely:

yo = o> Ro  (17a) ““c‘-&ss‘(
Yo = - ,..2<° @l ..,

The ourve (17a) or (17b) 18 assumed to be the m‘qfi.gp qﬁ,:..ga; gf. W‘ fmﬁn;tﬂy conpressead
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shock weve at L= O and we have computed y as a function of x for increasing T
using (16)s The results for (17a) are shown in Fig. ls similar results are ob-
tained for (17b),

It is seen from Fig,l that as time goes on, more and more of the tamper meterial
hits the line x = 3n / 2 to form slugs. It is found that 30 ‘:*' of the msterial is
slugulated after a displecemnent of 2?5 times the initial amplitudes thig is to be come-
pered with the asymptétio value of 50 ;%' In the case (17b), where the wave length
is the same snd the initial smplitude is 1/10 ss great, 30 7‘? »f the temper material
is slugulated after a displecement of 100 timee the initial amplitude,

The above results demonstrate that the maximum amount of slugulation is rea=
bhed rather late and reletively later, the smaller the initial amplitude. The effeat
of the sluguldtion process on the efficiency of the explosion is certainly umfavorable-
sinoe less mess is moved by the seme pressure - but a quantitativs estimate is only
possible if the distribution of alugs behind the shock wave and their rediation heat-

ing sre known, The latter points are being investigated by Bowers and Weisskopf.
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