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AB$TRACT

Tineproblem of findingthemost general laws by means of

which a blast in one medium can be scaled to a “similar~’blast

in a?nothermedium is here investigated. It

lowing corxiitiorsare sufficient; they also

1.) Both media must have the same

state and this equation must~

be of the form Eint=Pv*

v -1

is found that the fol-

appear to be necessary,

equation of

ir.gemral,

If the initial

pV products for both media are the same,

then the more general equaticn of state

E= pVf(pV) is admissible.

2.) The initial ~essures

be space independent.

?.) The initial densities

in the two media must

must be space independent.

The actual analysis is carried out for a simplified cases

but will obviously exterd to the above generalization and no farther.

—
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We can write the hydrodynamical equations in terms of

<. = p/p. > ?j =&!@. and the scaled time7 = t _/poVo. h spheri-

cal coordinates they are

1

We have assumed that the internal energy is pV/ (Y -1). ‘1’he

Hugoniot conditionsbecomo

—-. ..—
Ej=-l

— =-i? s “ —dd~ .?~-l

.

2

where the subscript s refers to conditiom at the shock front} and Y is

shock radiue . We see then that the differential equations (1) and the

boundary conditions (2) are independent of the initial cod itions of tie

medium if we agree to measure all velocities in the ‘t‘-timescale.

Consfier now two explosi(~ns,occurring in media of clifferent

initial densities ad pressures, which are similar at some instant in
.

the following sense:

a.) Both shock frents are at identical radii

b.) Both blast waves ha’.’eidentical contours

of ? and~ at this instant of time.
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Both blasts then satisfy identicc.dinitial conditionsand identical

boundary conditicins;thue both will develop (in ~-time) in identi-

cal fashions. Thug we see tht if both are similar at t = OS both

will be similar at respective later times tl ~ t~ if

The subscripts on p, V refer to the initial conditions of the two

media.

The scale factors

similar explasicns have for

and R they are unityj while

WI,ich is sound velocity for

for the various variables between two

the mcst part been feud; for $,7,

for t the scale factor is -/–pv ,

a gamna law medium. It remains to find the

ratio bet.h’eenthe total energies in two stiilar explosions. The irJ-

ternal energy of a unit ma3s is

and the kinetic energy per unit mass is

The total energy per unit mass of any particular ~cel is th~

E
tOt

= PGVO.A
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where A is a fhnction only of the scale invariant variables ~,q,

and R. Consider nw tw explosions, similar at the instant under

consideration. Explosion (1) takes place in a medium initially

under the conditions (pl, VI); the initial conditions for explosion

(2) are (p2, V2), For the total energies we have

Y

‘lopv (
‘l=f llj

A.2Tf R2 dR

/0

Y

ii2 = ~2. PV [A.2~R2d R
2“

or

‘1

, ‘1
This last equation gives

W2

‘2

the relationship between the energy releases

required of two explosions in order that they may be similar.

We see now kw to scale from an explosion in a medium of

one density to an explosion in a similar medium at another density.

Suppose, for example, we wish to obtain a pressure vs. distanco

curve for a 50 kiloton explosion occurring at an altitude of 9

kilometers. The pressure at 9 kilometers is 0,312 atmospheres. Ac-

cording to equation (3)} ’an explosion of O s 16c) kilotons at
-+2●

3
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sea level will be similar to 50 kilotons at 9 kilometers. By the

usual wl/3 law of scaling we construct a pressure vs. distance

curve for a 160 kiloton yield. Say that the result is p~ (R). The

result for a 50 kiloton yield &t 9 kilometers WW be 0.312 . I&w

(equal values of ‘shock are attained at equal shock radii). In

order to show the effect we have pbt:.ed in Fig. I) the o~~r Press~e

vs. distance cuuves for a 50 kiloton yield at sea level and at 9

kilo~ete~ altitude, Both curves are for free ~r~ i. e.~ they each

assume an infinite homogeneous atmos~e~e. It is readily seen that

significant over-pressuresare achieved at larger distances in a

denser medium.

me foregoing laws for sctiing explosions from one medium

to another have assumed

a.) The flow is spherically symmetrical.

b.) Both media obey the gamma law and have

the same value of @mma.

c.) Both media are infinite and homogeneous.

Restriction (a) is obviously unnecessarily strtigent. lt iS ~ediately

apparent that no assumptions need be mde concerning symnetry; the laws

hold for any type of flow. Condition (b) is necessary in general, in

order that the shock conditions (2) be indepemlerit of tlke initial
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credit ions. In the special case that the initial pV products for tk

LWO media are the same, “gamnamaybe an arbitrary functicn of the

product pV. Condition (c) may not be relaxed, as the derivation of

the equations of motion (1) assume commutability of the derivative

operators with p. and Vo.
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