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ABSTRACT

The gas dynamics resulting from the release of an isothermal
sphere of gas initially at rest and at a high pressure are
described by the numerical solution of the differential equations
which represent an ideal gas in radial motion. The resulting
outward shock and the inward rarefactions and shocks are described
in some detail and are compared with the gas dynamics of the
point-source solution.l The existence of the inward moving shocks

2=l

and in one instance the

5

has been discussed in several places
early phase has been numerically calculated. This phenomenon is
observed in the present calculations to occur repsatedly, subjecting

the origin to several compressive waves which are reflected there

_ and which move_out to overtake the main shock..
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THE BLAST FROM A SPHERE OF HIGH PRESSURE GAS

I have used a method proposed in 1950 by von Neumsnn anhd Bichtmyerl
for numerically integrating the differential equations of state and motion
of an ideal gas. The method introduces an artifieilally large viscosity for
the purpose of avolding shoek diseontinuities in the numeries. o

I described the blast wave resulting from a point source at the last
Washington meefinge. These results are also to be publighed in the Journal
of Applied Physics.3 In this paper I shall not mention the deta:lls of the
numerical methods but shall deseribe briefly some interesting features of
the blast wave resulting from a finite source, in particular an initially

static and isothermal high-pressure sphere.

EQUATIONS OF MOTION

The equations of motion in some units and in Lagrangean form may be

expresgsed as these

%:;%Qyor %= -0 XQE"'%% (mass)

u_ A% D

il (P + q) (momentum) (1)
?; = % %% x [:7P + {y-1) q] (energy)

In which A is a reduced radlsl distance, x is the mass or lLagrangeean

Presented at the Ameriecan Physieal Society Meetlng, Jamuary 27-29, 1955.
von Neumann, J. and Richtmyer, R. D., J. Appl. Phys. 21, 232 (1950)

Brode, H. L., Numerical Solution of a Spheriecal Blast Wave, Phys.Rev. 95, 658(A)

3 Brode, H. L., Journsl Appl. Phys. (%o be published)
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coordinate, v is the time coordinate and p, P, u, q, sre respectively the
density, pressure, particle velocity, and artificisl viseosity in units of
some amblent values. For this problem gamma was taken to be that of normal
air (1.4).

The particular form used for the artificial viscosity is the followlng:

oS (] e (B -2

M = Number of zones spread (2)
X =r/e
R
E 2
3= _tot _ Mx : ul, .2
=P -F gp(Emt+2)r“
o

This form has the property that it 1s zero except for compressions, i.e.,
shocks, where it spreads the shock over s constant number of space zones (M).
The reduced radius ()) is shown to be dimensionless and related to the total

) and the ambient or pre-shock pressure (Po).

blast energy (Et ot

DIFFERENCE EQUATIONS

We approximate the differential equations by the following difference
eguations, and, begioming with a particular set of initial conditions, advance
a problem in n steps of AT over a mesh of 1, Ax in accordasnee with sta-
bility and accuracy requirements.

n

A, 22 1 1
ot %‘L-f—L P B n n-z n-z
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The maln feature of each problem is the outward-moving shock. Fig. 1
compares the shock overpressure originating from two isothermal spheres, one ini-
tially at 121 atmospheres, the other at 2003 atmospheres, with a point-source
solution (started from an analytical ferm vaiid for strong shocks and due to
Taylor or von Neumann.h) The isothermal spheres were at normal density origi-
nally and consequently were algo at a high temperature. In all cases the
finite source curve becomes indistinguishsble from the poilnt source curve after
the shock from the isothermal sphere has engulfed a mass of air ten times the
initial mass.

A cold source was run in vwhich the same Initial pressure wes used but the
temperature was initislly equal inside and out, which meant a high initial
density. In this case the overpressure did not rise to the peoint-source
value until quite late when it had fallen to about a half an atmosphere. At

that polnt, however, the mass engulfed was agaln spproximately ten times the

b AECD-28060 "Shock Hydrodynamics and Blast Waves," Los Alamos Scientific
Laboratory, 28 October 194k,
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initial mass.

Fig. 2 shows some pressure profiles as a funetion of the radius at
varlous early times after release of an isothermal sphere of normal denslty
gas at two thousend atmos initisl pressure. Note development of the outward
shock and the inward rarefaction. Note in particular the development of an
inwverd shock following the rarefaction. This shock does not sttain a net
inwvard motion until the rarefaetion has "reflected" at the origin.

In Fig. 3 we view pressure-radius profiles near the center and at times
Just before and after this inward shock impinges on the origin. Arrows in-
dieate the general movement with time and hence the sequence for nearly con-
stant time-intervals.

Sinee the shoeks are, of necessity, spread over several mesh points, the
piecture near a singular point suech as the origin appears quite smeared out |
with a conéequent loss of detail.

Using mesh sizes about one fourth the original size, portions of the
problem were re-run. Admitting some uncertainty in positions and peak values
of shoeks, a comperison of the shock pressure for this inward moving shock
shows some appreciable dlserepancy only near the origin. After reflection the
discrepancy deereases agaln in spite of their quite different histories near
the eenter. The discrepaney may be attributed mainly to the difficulty in
ldentifying the shock when the rounding is comparable to the shoek radius.

This shoek pressure is deereasing initially although moving inward since
the net outward expansion behind the main shock is dominant. (Fig. b4).

If one eonsiders rather than the absolute pressure, the ratio of excess
shock pressure over the pressure ;mmediately in front of the shock, a quantity
more charascteristic of the strength of this shoek, then it is seen that the |
inward shoek 1s increasing in strength but remainé stationary until its pressure
ratio 1s greater than unity. (Fig. 5).

The reflected shock moves into a higher pressure and so has a lower ratio.
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. The reflected shock decreases sbout inversely with the radial distance al-
though it has a finite strength.

The density profiles at early times show a sharp compression spike at
the maln shock and a rarefeetion eating inwerd from the surface of the initisl
sphere., (Fig. 6). The rarefaction reduces the density in the sphere to a
very low value. The lnward shock is seen to reflect and move outward, over-
take the main shock and leave a permanent diacontinuiﬁy in density (and
temperature) at the point of coalescence.

The temperature profiles at early times (Fig. T), show the cooling effect
of the rarefaction and the very modest heating done by the main shock. Just
as with the density a sharp break or discontinuity is maintained at the boun-
dary of the initlally heated sphere. The inward shoek is seen in even greater
contrast here.

‘ The dotted eurve indieates the results with a smaller mesh size at the
same time as the dashed curve ﬁhich iz for a larger mesh size.

After some considerable time two similar problems with considerably
different zone gizes compare sbout as in Fig. 8.

The portion near the origin was covered with a fine grid in the case
illustrated by the dashed curve. The grid was coarser for the same case near
the main shock,.however, vhieh asccounts for thé poor reproduetion of the seeond
shoek at this point high on the back of the main shoek.

In addition fo thg main shoek and the inward shock shown previously,
suecessively smaller shocks develop from interaction with the éontact discon-
tinuity at the edge of the initial sphere. This boundary is marked by ticks in
Fig. 9. Note the reflected and the transmitted shoeks being formed.

The initial rerefaction refleects at the origin and on moving ocutward in-
teraets with this same diseontinulty to send back a pulse.

This pulse, in turn, runs into the outward-moving second shock and sends

inward a pulse containing elements of both rarefaction and compression. In
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this figure, thils pulse 1s shown interacting with the origin. In the upper
curve a rarefactién followed by a shoeck is moving inward. The middle curve
shows the rarefaction reflected and the shoek still inward bound. The lower
curve finds this shock reflected and moving out.

Retracing a little in time, the next set of pressure-profiles (Fig. 10),
show the main shoeck decay with time and the movement of the second shock after
reflection at the eenter. In the seeond ecurve this seecond shock 1s Jjust
passing through the discontinuity, and the minor puise shown on the previous
slide is about to hit the center. In the third curve the second shock is
riding up the main shock and a tertiary shoek reflected from the interface is
raeing inward. The fourth eurve shows this third shock outward bound.

In the first eurve of Fig. 11, the seecond shock 1s sbout to elose with
the main shock and the third shoek is eneountering the interface. The second
curve shows the first two shocks eoalesced and the third shock rising up the
main shoeks.

Pulses and small shocks rattle back and forth in this hot interior sub-
Jeeting the origin to repeated shocks and temperature rises, so that the temp-
ergture gradient in the gas that started out as‘isothermal becomes more and

more like that of the point souree as time goes on.
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