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ABSTRACT

"l'he ras dynamice re.ulting from the release of an isothermal
sphere of us initially at rest and at a high pressure are
described Ly the numerical solution of the differential equations
which represent an ideal ras in radial motion, The resulting
outward shock and the inward rarefactions and shocks are described
in sore detail and are compared with the ras dynamics of the
1 The existence of the imward moving shocks,
_has-been disoussed in several piacesi™ -ant-im ome- inetance the

sarly-nhase—hasbeen numerically cnlcuhud.s ‘!Mrm;on\'io

point-source solution,

observed in the present calculations to occur repeatedly, subjoecting
the origin to soveral compressive waves which are reflected there

and which move out to overtake the main shock.

L. L. Brode, Phys. Kev. 95, 658 (a) (1951.);

%, Wecken, i. antev, Math, Nech. 30, 270 (1950),
33, A, WeFadden, J. Appl. Phys. 23, 1269 (1952),

: hH. Schardin, Communications on Pure and Applied Mathematics
amggs of Mathematical Sciences, New York University, (1954), Vol. VII,
[ ] [ ]

°r. S. valton, Phys. Fev. 87, 910 (A) (1952).
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THE BLAST FRON A SPHEERE OF HIGH PRESSURE GAS

I have used a method propoesed in 1950 by von Neumann and ntchtmrl

for numericsally integresting the differential equations of state and motion
of an ideal gas. The mthod introduces an artificially lurge viscosity for
the purpose of sveiding shoek diseontinuities in the numeries.

I descridbed the dlast vave resulting from a point source at the last
Veshington meeting". These results are also to be published in the Journal
of Applied mue-.3 In this peper I shall not mention the details of the
numsrical methods dut shall describe briefly some interesting features of
the blast wvave resulting froo a finite source, in particular an initially

static and isothermal high-pressure sphere.

IQUATIONS OF MOTION

The equations of motion in soms units and in Laegrangean form may be

expressed as these

%-p—i‘?or?;- -0 ?—0% (mass)

2
. :.";. < (o) (momentum) (1)
g% -‘17 g x [7? + (y-1) q] (energy)

In vhich A 1s & reduced radial distance, x is the mass or Lagrangean

Presented at the American Physical Society Meeting, Jamuary 27-29, 1955.
L von Neumann, J. and Richtmyer, R. D., J. Appl. Phys. 21, 232 (1950)
2* Brods, F. L., Mumerical Solution of a Spherical Blast Wave, Phys.Mev. 95, 658(A)

3- Brode, H. L., Journal Appl. Phys. (to be published)
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coordinate, t is the time coordinate and p, P, u, q, are respectively the
density, pressure, particle velocity, and artificial viscosity in units of
some smbient valuss. For this problez gamms wvas taken t0 be that of normal
air (1.4).

The particular form used for the artificial viscoeity is the following:

o - 2ped (%)2 p(x)? (g)(g . ‘go

M = Munber of sones spread (2)
A =r/c
R
) 2
3 o - ;"' § p(Eyy + 57) ridr
o °
o

This forr has the property that it is sero except for compressions, 1i.e.,
shocks, vhere it spreads the shock Over a constant mumber of space sones (M).
The reduced radius ()\) is shown ¢0 be dimensgionless and related to the total

blast energy “t ) and the ambient or pre-shock pressure (ro).

ot

DIFFERENCE BEQUATIONS

We approximate the Adifferential equations by the folloving difference
equations, and, beginning wvith a particular set of initial conditione, advance
a problem in n steps of A¥ over a mesh of £, Ax in accordance vith sta-

bility and accuracy requirements.

b+ T Xn e n R= n'.l
“:né =Y d. % Prog = Feod * 44 £ %4-3 :

J

n+l n n+d
;‘ - ).‘ + u‘ At
(3)
/ z(u‘mi . “‘-11»}) u‘n»} ) “‘-lmi
W= At +
o+l ) ne+l Y o+l n p+l n
l"l METERAEPIC IR TIC U PR A PR PI0 S TR
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pl-ﬁm " Pp n(! * i?)
A 1) [ u 1 .
.} Mley9 Z%"—)'(;\) Py.i = LR ned i PIRY ned
M = mumber of sones shock spread (e.g. 6)
for u >u

e d
UY.: =0 for u‘_1\< u,

B el [;:1 i i P1-4 n] Prg 2("1-} = °g-3n>‘lg-$ i
Y14 Jg‘ 1.} D _ bt o+l

The main feature of each problem is the outwvard-moving shock. Pig. 1
compares the sbeck overpressure originating from tvo isothermal spheres, one ini-
tially at 121 atmospheres, the other at 2003 atmoepheres, with a point-source
soluticn (started from an amalytical form n.:lm for strong shocks and &ue to
Taylor or voa m.") The isothermal spheres were st normal density origi-
aally and consequently were also at e high temperature. In all cases the
finite source curve becomes indistinguishadle from the point source curve after
the shock from the isothermal ephere has engulfed a mass of air ten times the
initial mass.

A co0ld souree vas run in vhich the same initial pressure vas used but the
texperatur: vas initially equal ingide and out, vhich meant a high initial
density. In this case the overpressure did not rise to the point-gource
value until quite late vhen ‘¢ had fallen t0 adbout a half an atmosphere. At
that point, however, the mase engulfed was again approximately ten times the

b ANCD-28060 “"Shock Hydrodynamics and Blast Waves,” Los Alamos Scientific
Laboratory, 28 October 19uk.
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initial mass.

Fig. 2 shovs sOome presswre profiles as a function of the redius at
various early times after release of an isothermal sphere of normal density
gas at two thousand atmos initial pressure. Note development of the outward
shock and the inwvard rarefaction. Note in particular the development of au
inwvard shock following the rarefaction. This shock does not attain a net
invard motion until the rarefaction has “"reflected” at the origin.

In Fig. 3 we viev pressure-radirs profiles neer the center and at times
Just before and after this inwvard shock impinges on the origin. Arrows in-
dicate the genersl rovement with time and hence the sequence for nearly con-
stant time-intervals.

S8ince the shocks are, of necessity, spread over several mesh points, the
plcture near a singular point such as the origin appears quite smeared out
vith a econsequent loss of detail.

Using mesh sigzes about one fourth the original sise, portions of the
problen were re-run. Adrmitting some uncertainty in positions and peak values
of shoecks, a compari«on of the shock pressure for this invard moving shoek
shovs soms appreciadble disecrepancy only near the origin. After reflection the
discrepancy decreases agsin in spite of their quite different histories near
the center. The discrepancy may be attriduted mainly to the difficulty in
identifying the shook vhen the rounding is comparadble to the shock radius.

This shock pressure is deereasing initially although moving inwverd since
the net ocutvard expansion behind the main shock is dominant. (Fig. 4).

If one econsiders rather than the absolute pressure, the retio of excess
shock pressure over the pressure immediately in froat of the shock, a quantity
more eharscteristic of the strength of this shock, then it is seen that the
invard shoek is increasing in strength but remains stationary until its pressure
ratio s greater than wunity. (Pig. 5).

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

The density profiles at early times shov a sharp compression spike at
the main shoek and a rarefaction eating inwvard from the surface of the initial
sphere. (Pig. 6). The rarefastion reduces the density in the sphere to a
very lov value. The inwvard shock is seen to refleet and move ocutward, over-
take the main shock and leave a permanent discomtinuity in density (and
temperature) at the point of coalescence.

The temperature profilss at early times {Fig. 7), shov the cooling effesct
of the rarefaction and the very modest heating done by the main shock. Just
as vith the density a sharp dbreak or discontinuity is maintained at the boun-
dary of the initially heated sphere. The inward shoek is seen in even greater
contrast here.

. The dotted curve indicates the results vith s smaller mesh l‘iu at the
same time as the dashed curve vhich is for a larger mesh size.

After som comsiderable time twvo similar problems vith consideradly
different zone sises compars about as in Pig. 8.

The portion near the origin was covered vith a fine grid in the case
11lustrated by the dashed curve. The grid wvas coarser for the sames case near
the main shock, however, vhich aceounts for the poor reproduction of the second
shoek at this point high on the back of the main shock.

In addition to the main shoek and the inward shoek shown previously,
successively smaller shocks develop from intersction with the contact diecom-
tinuity at the edge of the initial sphere. This doundary is marked by ticks in
Fig. 9. Note the reflected and the transmitted shocks deing formed.

The initial rarefaction reflects at the origin and on moving outward in-
teracts vith this same discontinuity to send back a pulse.

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

invard a pulse containing elements of both rarefaction and eompression. 1In
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this figure, this pulse is shown interaeting vith the origin. In the upper
curve a rarefaction followed dy & shoek is moving invard. The middie eurve
shows the rarefaction reflected and the shoek still invard bound. The lower
curve finds this shoeck reflected and moving out.

Retracing & 1ittle in tims, the next set of pressure-profiles (Fig. 10),
shov the main shoek deecay with time and the movement of the second shoek after
reflection at the eenter. In the sesond ecurve this second shock is Just
passing through the discontimuity, and the minor pulse shown on the previous
slide 1s sbout to hit the center. In the third curve the second shock is
riding up the main shock and a tertiary shock reflected from the interface is
recing invari. The fourth curve shows this third shock ocutward dound.

In the first curve of Fig. 11, the second shock is about to elose vith
the main shock and the third shosk is emecountering the interface. The second
curve showvs the first tvo shocks ecalesced and the third shoek rising wp the
mein shocks.

Pulses and small shoeks rettle back and forth in this hot fiaterior suwb-
Jecting the origin to repeated shocks and temperature rises, so that the temp-
ersture graiient in the gas that started out as isothermal becomss more and

more like that of the point sourece as tims goes on.
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