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ABSTRACT

It i8 8hoWn how l%pprOXiWta solut$cans

f.rmthn waves may be obta,inedwith a tinimum of

WLASSIFIEO

for the exponential ahoek and ram-

effort. Many aueh solutions are needed

fora dimmmion of the radSation and mixing phenomena ammiatedtith the expiosion of

the gadget. FSg6.1 to 3 contain some

.

results on

.
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APPROXIN?ATETREATMF’ OF EXPONENTIALSHOOXAND RAR

Serber in

volume)0

The exponential shook and rarofmotion waves were treated rigorously by

LA-U for arbitrary 1$ is ratio of specific

Further in &l-IO, I?rankeland Davia give the

integrations for varioua,shock and rarefaction waves.

carried out in LA=1O -- especially for the rarsfaotion

heats at cxxmtant pressure and

results of a series of numriaal

The numerical integrations

wave -- were qtai~o laborious

and for many

neotion with

Of shook and

di6auseion8 of the hydrodyn@nic8 of the explosions in particular in con.

radiation and mixing phenomena, it is necessary to get a wide assortment

raretaotion solutions not previously”obtained. It is the purpose of this

note to disouss briefly how approximate solutions for exponential

.
waves may be obtained and to give some XW6Ul~S0

W@ oonnider fira$ the rarefaotion wave (wo use SerberQa.

throughout)~wu write:

shook and rarefaotion

notation (Cf. M-m)

(1)

(2)

[3)

where X, x are the Eulorian and Lagran@an position6 respectively, p the pre66ure,

t the time andX=l. p=l, =d @ are oonstants. The head of the rarefaction wave is

taken at [ = - 1, and the unit of preseure is 0h06f)13 so that f(-1) s1. The boundary

conditions at the head of the wave are that the displaoernent16 zero, the den6ity

norma30 and the rarefaotion wave moves with the velocity of 80Ud$ these oonditiono

(4)
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4

The equations of motion and energy conservation becomeg

(7)

In (8)ILSOhas also been made of the fact that the pressure ie continuous across the

head of the rarefaotionwave.

If one emuuines [7) and (8), one finds thcitthere is a

at{= - 1$ So.. ome ooaffiaient AN the powor series expansion

-arbitrary, so that one mm got any of an inflnita number of solutions dependlmg

on the ehoioo of its value. Moreover, shoe all solutions emerge from the same point

●

( =. 1, it is somevhat difficult to stay on a particular solution if one starts into=

grating from ~= o 10 The more stable method of integration wouldbe to start at ~=~..

but dnoe (7) and (8) constitute a third-order differential equation for$. which at

mo~t oan be reduced to a zwmond-order equation, and since the boundary conditions are

,

s

all given at f= - 1, this would become too complicated. Honever.

solutions in LA-10, one notioes that the temperature

to l%. We therefore assume that the temperature is

tion wave; this is equivalent to the assumption that

come:

never changes

if one examines

more than about

the

5

oonstant throughout the rarefac-

~ ~ = 1 and Eqs, (7) and (8)be-

Inserting (10) into (9) yields the second-order equation:

P({2” MW+PW = o (11)

Eq. (11) can be convert~ into a first-~~~r ?%~a$~ogoby treating ~ as the independ-
● ● ::::

ent variable and ~= ~ @ ==#]a6 the &&d4fkt @@.hb~~~ me get:

●00 !z==””’4$$’*o

.0 ●*b ● O* ●** ● O*9

●e ●*O .~e..00●.*:: .—9===..9* .00.00 .99* .9
●e ..0 ● ●
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Solutions of Eq. (12) are obtained by assuming

by $.; this determines ~ at ~= 0. namely as

(22)

a value of’ $ at f= O which we denote

(=4.) (sinoe@ is finite at {=0).

Eq. (12)is then integrated from @=$. tO $ = . 1 and @(~) Is oomputed from the re-

lation$

These integrations go very rapidly and some reeults are presented in Figs. 1

&o 3. Figs, 1 and 2 give #and @ se functions of
{

for various assumed $o~s. B3g.

3ia a graph of@(0) as a function of#Q. The solution which is to be used depends

a on the tamper density~ e.g.e the solution go = q47hl fits on to

for equal core and tamper densities. It is interesting to note
*

leads to a density at the interface of .45 instead of .~ as in

troatanent.

a ehookwave with ~=1

that the .J4741solution

Serberos rigorous

The exponential shook wave developed in the tamper may be treated approxi-

mately in a very simple fashion. Again using SerberQs notation (cf. LA==14),we write:

x =X1 8* ~(~) . (M)

(15)
!,

G
The point (=1 corresponds to the

@(l) ‘(W)/(K*l)o and f(~) =1.

oity to the pret3aureat the front

x~l et (16)

head 0$’the shook wave and there $(1)=1.

Also, the Hugoniot condition relating the shook velo-

requires tha% p~’1= ~/@*l~ a2 X12 (Pl is the

tamper deneity). The preseure and entropy (energy) equations now beucme;

.

*

#

(2#“4$”[#Q= = [2~(#’+lj9fo

( yf
*F.1 ●

‘@y = jy:. ::.:;:.

●* ●*O :o~●e*●

● ** .’0●

● 00::.*** .*.aa ● me ● *.0 .*..**

(17)
● e. .

●
● 0
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Sims f does not vary muoh from the front to the baok of ‘theshock

let us assume that it is constant (and equal to its value at the front) in ~.

wave~

(18)0

(19)

(17), we find for

(20)

EqB. {19) and (20) constitute an approximate”eolution for the shockwave. To test the

aocuraoy of the approximation, we evaluate $(0) and f(0) for J’= 1040 1.67 and ecxnpar=e

●

with the rigorous vahzes given in LA-10. We gets

t $(0) = 0951,

$(o) = 0006,

The rigorous values ares

$(0) = .$#&,

$(0) = .90~o

The agreement is quite good

better approximation. For

f(o) = 2*17 for ~ s 104

f(o) = 2.25 for ~ s 1.67

f’(o) = 2.20 for g : lol#

f(o) ~ 2.31 for ~z 1067

and moreover it is rolrntivelyeaay

exampleO the next approximation to

to obtain inoreaaing~y

the speoifio volume

(ioe.ojib)-- feund by 8Ub6titUting {20) into (M) - yields very aoeurate reoult~o

● ● O* ● ● 9* ● 99 ● *
● m● :::: :.0
● m

● ● :. : :. . .
●

,~ ●:0 ● 00 ● 00 ● O* ##

● 9 ● 00
● *9 ● ● ●

.00 ●o* ● ● om.

● ** ● ● 00 ●

:::0 :0 .**
● 00 ● 0.

.0 .=. ● * ●
.0
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