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CONVERGENT WAVE IN A PLASTIC
MEDIUM

/Following ig the translation of an artlcle

by E. I. Andriankin
ayasya Volna v Plas
ish version alove)

entitled "Skhodyashch-
ticheskoy Srede" (Engl-
in Doklady Akademiil Nauk

3SSR (Proec. Acad, Sel, USSR) Vol. 59 No, 4,

TOuB, pages 659=662/ 51

e Lg ,
an N. N. Semeriov, 13 Nov-

(Pfgsented by Academlcl

ember 1959) |

The problem of an exploslon 1n 2 plastic compres-
<1ple medium has been Investigated by A. S. Kompaneyets
in /1/. In this work a simplified law of compresslon was
lpssumed. This made 1t possible to obtain simple equations
for the law of motlon of the front of a diverging
spherical wave. :

Utilizing the analogous law of compresslon (we will
L ssume that the density of the medium reaches the limit
value P, 2> at any pressure different from ZEeTo ),

@e will consider the problem of the converging plastle

the free surface of a . spherical layer wlth an initlal
‘butside radius I Tet the said pressure vary according

to a glven pattern P = POF(t/’tO) (in a more general case
o= F(t/ Ty x) can be assumed). At the inner surface of
the spherical layer of Initlal radlus bO the pressure 1is

;ero, At the instant the pressure ls applied, a shock
have 1s propagated through the materlal,
We assume the medlum behind the front to be Incom~

ave, which can be formulated as follows.
At the instant t = T%, let there be a pressure at

9




L]

pressible, . f.= £, >1%, and the condition of plasticlty
to be satisfiéa:

Tp — 95 == &~} {o, + Qeg).

—
e

where k and m are assumed to be known constants, . and
Cp= 6 are the main gtresses. The subscript f denotes
the values at the wavefront, Further, we assume
that the Iinltial density of the mate%ial in the spherical
layver depends on the radius Fb fb O

We shall solve the problem in
variables,

Lagrangian
where the equations of

ﬁontinuity will be'

ar ’3?0 {ro)

o @)
au - dr de, 2{a :
T ~

%, 3)

Here u = Qér/'ét =r, €t 15 time, » and ro are the varlable
and inltlal coordinates of the particles;
Uging (1)

and (2), we can bring Eq. (3) 1into
the form:

(7]
&ro L (3}7‘ [>] == Ly (rO) r(,ra~'2 0:1 1 (4)'
5 = Gim

Z‘n%«!\.;U’ P = —c,,

The boundary conditions for Egs., (2) and (4)
are the laweg of conservatlon at the wavefront, the equal-
Lty of pressure at the free surface pr
dition of

= a~, and the con-
continuity of the variable gadiug
p¢’ = Fo (R) "(b;éq uq- == E@R }'d, = R == Fay
Play t)y = Pyl (ifzg), eg=1 — oo, ‘ (5)

We shall introduce the dimensionless

a == a‘/a“. b == b./a,_‘,, R R/u(h

§ == ry/fag. re=rju,.
o=ols,, »=kj3mP,, b= /Py, = 1z IT;:':»(};/()E. {6

dxifd-. - Vy’ y==nR? ,P“. Ty, = au /' |1'/pn.

parameters




where a, and b, are the outaide and inside radii of the
spherlcal 1ayer at the instant €.

Integrating (2) and using Conditions (5), we
shall find s ;
e XU 3 \‘r:ﬁ (sys¥ls, = xtA4-3 (‘ g:,:s'*‘c..r.‘s,
o e x (7) |
;f T e— ‘,;‘(;_‘:\':’)“ . Ao E@X: ng . Sx}) - l e ;:v (.t).

Integrating Eq. (4) and using (7), we get
p (“'1 an 1/7!\ oy () re-as? s e N2 \pu Ts2ds,

Ppe= it — %) 4 Py — 0

Pd):: Pu {\‘) B3/ 3 #:4() )

If the law of motion of the wavefront 1s known, the
pressure and veloclty distribution in the entire reglon
x % 8 £1.
An ordinary differential equation for the vel-~
oclty of the wavefront can be cobtained from (8), if we
use fre ﬁond tion on the free surface., Assuming also

%’s while calculating all integrals in Egs., (7)
an@ f8}, we shall find:

:lf - P
=KWz N, T=o 220 oy el ()

Here .

S .
et ST B NN R I

K= dla--1rte (@) 2R (g - g)

fa-- 4 ta™t —x®1y + a*l &l i
T PR e i Vs
a=1r +“_~777T' d7

23 (a — 1) x% {6y — a®F (z, x)]

e (a1 __,\»""1) 51 = g (4> X:‘)'
Wt

In order to integrate Eg. (9) 1t 1s necessary to

now 1ts asymptotic expression at x >0 and the value of
the derivative dz/dx at point x =1,
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After a seriles of calculations, we shall find

AN e o R VY 2 La e vat(e— 1) (M
(; \J{)] = 1:.1 “%“ a ..} El(“’!‘ ")1 “‘{"‘%]3 (t},‘.‘)[ "{\ Q:{, 02 Froed ""13 (K l), t\))
imr= A, =Bt va-n 0 (x=—0, n>0) (1

Ea )
2fa - Vi —Bia—~ 41

i Bt ., w=— g

(=0, 2 0U). (I

However, 1f the outslide pressure drops rapldly, the
wave may stop before reachlng the center.

Eguations (8) and (G) are true in case of ¥ 0; if

m = 0, the condition of plastliclity becomes Cﬁ,*-C%::k and

tre solution 18 given by the same eqguatlong, in which we
have to assume

2:=0, & =2kIn(x/a). By-x-—4pk.

T4 should also be noted that Egsg. (9) glve a sol-
utlon to the problem of the collapse of a spherical
laver of 1incompressible plastic material. In that case 1t
18 necessary to assume

r” = 53 —}N x:;-"”b;:s X == [). 7)4'; == U, ] .I/xl,
13
ko= A e A T D | (13)

T, ¥ =il
- a —xT )

a* b . g3t

In these cases an agymptotilice solution 1s glven by
Eg. (11). At T =1 and x = by ]

the boundary condltions for this
pbroblem will be y = O3 1in the case of inltlal motion in
the fluld, the boundary condlition will be y = y,. The
iatter occurs, for instance, when a spherical layer of
rompressible material has been compressed by the outside
bressure to the limlt conditlon pP. = f,; then, after
Fhe disappearance of the shock wavé (at the boundary with
bhe emptbty space) the compressed material continues to
pollapge as 1f incompressible.,

In Figs., 1 and 2 the results of the numerical in-
regration of Eas.(8) are shown. Curve 1 corresponds to




the sclution of the problem, for parameter values of:

1.2

il

Pt

=t

%oz -0,1

o= -1

for Curve 2, we have:

Tz -0.1

o = 0

g wen 1
oﬁu""” ) >




{In the case of a constant outslde pre
Eqs ) will be integrated in squa
The valiues ¢f A and B in the 3
(11) and (12) czn be debermined by =
culation. In ax“ 2, A=0Q.44, Bl
case 3, A~ 0,166, B =1, 464, and a}.wl 6.

The concentration of the energy in the center c¢an
be investigated throagh the behavior of the golution at

x =+ 0, The energy per unit volume conslists of kinetle
enersy. ﬁ*SSLpauion energy at the wavefront, and dissipat-
ton energy due to the work of the forces of plastlic de-
formatlion; therefors
{

| 1 1
oy 1 ¢~ o
S AN S i o
S a*Fdu= T 3"0 (s) u $7ds e 5 SS@P’@S“(!S#
a Ry
X
Tl It jiistd
Ly _1 (,L(h—ﬁ:‘d 1S3
T \ '“«”}dc. (14)
X
/:
!
%!
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?fymmummq,mil“ N ; 02 g:;
! ' il N 2’““%@:% H i %
b ¢ : 0! )/o"*’/
¢ p2 04 g5 g8 02 g 85 68
L e o
lg., 1 Flg. 2
It can be esgtablished, studylng the behavior of
these 1lntegrals at x ~»0 and g0, that the final con-
centration of energy in the center takes plsace only in the
base of the collapse of & upheWioaT layer of incompresuib
eluid (the second integral in (14) is absent) under the
ondition n=mk=0 (k is arbitrary). In other cases all
ntegrals in (14) converge, and thls means a decrease in
Fhe stored energy at the center,
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by assuming a variable corn
on the amplitude of the 1
: / 4t would be neced

i
(A

an inbtegr
Front of the shock wav

the above, the problem can be solved
wpresslon of matter, depending
ure at the wavefront /2/.
heve b golvl
s

In analogy to

wever, a8 in /3, :
val differential equatlon for

Chem, Physlcs Instltute, koad, Sci. USSR

gubmitted 13 Nov. 1G..

REFRERENCES
DAN (Proc. Acad. Sel)

1/ A, &, Kompaneyets,
{1950)

'2/ A, N. Romashev, V. N, Rodlonov, A. P, Sukhotln, DAR,
12%, Ne. 4, (1958)

/3/ Kh., A, Rakhmatulin, L. I. Stepanova, Shorau. Voprosy
reorii razrusheniya gornykh porod deystviem varyva (Coll.
problems in the Theory of the Degtruetion of Rocks by
reans of Explosions) Acad. Scl. USSEK, 1958

N, 128, No. 2,

., P, Koryavov, DAl
(1959

et Y2

/b/ E. I. Andryanking

END

2167

109, No. 1,




