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The equations of the one-dimensional motion of a detonated

explosive and projectile are given. Iy is assumed ¢hat the doionated

explosive behaves as a perfeci gas and that 1% is initially honogeneous and
av rest.
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ONE-DINVENSIONAL MOTION OF A DETONATED EXPLOSIVE

INTRODUCTION

% is desired to estimate roughly the motions that ccour if a spherical
metal shell is surrounded by a spherical shell of bigh explosive, and the laiter
detonated. It is assumed that the strength of the metal is negligible, and that
only its 4nertia is important.

To avold the mathematieal difficulties of the spherical problenms, cor-
responding cne-dimensional situations will be considered. We shall consider the
motiong of high explosive and projectiles in a tube and since in the spherical
case 3here is no effect corresponding to a frictional force betwesn the wmll of
the tvbe and the bodies of the tube, this force will be ignored. The resulis of
the onc-dimensional calculation sheuld give some infermetion on the motlon in the
spherical case.

It will be assumed “hat the detonation is instantanecus and leaves the
gaseous products homogeneous and at rest. Heat transfer and viscosity effects
are negiected., For simplicity the equations of stete of a thermslly and

calovically perfeet gas will be assumed to deseribe the behavior of the detonsied

exXplosive,

COGRADIIATE SYSTEM

A particle of ges is identified by its index x; that is, the co-
ordinate of its position in a cne~dimensionzl coordinate system when the gas has

ite initlal distrihution. The displacement of a particle of the gas from its

initizl position 1s Qenoted by y.
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If there exists a discontinuity of the pressure, p, 1n a bedy of gas
homogeneous in eomposition, and if in their relative motion the todies of gas
on the two sides of the discontiruwity are approaching one another, then the

relative velocity of the gas on the two sides of the discentinuity is:
P2 / 2/ - p\ / 2/x
U= 11 ""' - = ©q l- ) B
(¥ -2)+ (¥~ 1)-e 2\/(x»1)+(x+ 5y

The discontinuity moves into tho rarer body of ges with velocities relative

to the gas adjacent to the discontinuity

P | -
- c,\/‘i}(ﬁ‘ - 1)+ (X4 1);?}) e, and V,= 32/21%[(3 ~ 1)+ (84 1)%3< G,

where pp> p, and ez‘/x(p/f‘) is the speed of souad, (Fig. 1)

The reverso motion is impossible since it violates the Second law
of Thermodynamiecs.

THE_DIFFERENTIAL EQUATION OF MOTION

If there are no discontinuities of p, vhe motion of an initially

homogensous body of gas is described by:

S+i 92 e
1.,_2'_; X 2"2'2 whers ¢ =\/2f2‘52
a2 et? Co 6::2 ° o

MOTION FROM A SIMPIE INITTAL STATE

If the system consisis of two homogeneous, semi-infinite bedies of
gas, initially at rest, the origin of =x boing at the commen boundary, it
follows from dimensional analysis that the solution of the problem is of the
form y/e,b :Q(x/cot). That is & graph of y as a function of x

retains its shaps, but increases in size in proportion to +,

whe origin
N
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remalning fixed....ft}@. i:ﬂnc".o .-"g\-.. ) eatisfies the differsniial equation

2 ¢!
iz <1+ -‘-’-‘-"«) - = 0.
dg dg
2
This is solved by the solutions of eithor Egé = 0 or

/\1 )81—0 32“150

which heve the general sclutions YL(S )= A}+B and

In(g)r=t

thet 18, Yy = Az + B% or

‘-
eo'{'. =te v¥ (*- c t) ("‘ R )’~

here 4, B, C, are any constants and the upper or lower sign is taken

-(z})

according as =wfet> 0 or /e t < 0. The first solution for 7 (%)
is an arbifrary straight lines the neture of the sscond solution is shown
graphically in Fig. 2. In the second solution, the veloeity relative to the
gas of the point corresponding %o a particular walue of S = xfeqt 1s the

lccal veloeity of sound,

These solutions may be combined to solve the following problems:

COMPRESSION UNDER CONSTANT PRESSURE

The gas is in the region =z> 0, initially at vest, and is com-

pressed by a plston at x = 0 exerting a constant pressure P > p,s

y= Ax+ Bt (0 x §W), y=0 (vt<x)

wvhere V= \/\(,:(6’-'1)4' (£+ 1) -“>co,

‘?‘(3300“ -"3"
(¥ o) g (.l‘ +~-1) -P'/n::
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The ges is in two boflies; one is in its initial stote;

the other, adjacent

to the pision, is at pressure P and moving with constaat velocity B; the

diseontinuity betveen the two originstes at the piston and moves with a vel-
ocity V. (Fig. 3)

EXPANSION UDHDER CONSTANT PRESSURE

The gas is in the region =x 5 0, initially at rest. and expends

ageinst a piston at =x =0 oxerting a constant pressuro: P < Pot

y=lx+e Bt (0% x<£ V),

=1
2 =, Y 4 g VR P
yg nm cou“i‘ m(‘g;‘%) co‘b o X (V’Lé x~§ cot),
y= 0 {eot< =x)

where 2 ( O/P)”(v+ l)/zx

O’
1
£ = (po/P) /% ~ 1, and

SR O 1)/23] .

o L

One homogeneous body of gas adjacent to the piston is at pressure P and

moving with the constant veloclty B; one body of gas is in its initial

gtates betweeon these two is a third body in vhich the gas iz accelersti ng

and expanding reversibly. The boundary between the last two is moving with

the initial speed of sound. (Fig. 4)
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SINULTANEOUS Exmmstou"ﬁm cé&!’}&iésim

Two semi-infinite bedles of ges are initially homogeneous and
motionless and separated by a common boundary. The one under higher pressure
expands, the one under lower pressure is compressed, under the constant
pressure P given by equating the two corresponding expressions for the

veloclty of a piston moving with constant pressure:

fom

o, (-Ii' - ) / 2/4, 2 ~(£5 - 1)/2¢,

(O, -+ @, + DFp, ¥y~ 1 eaf 1 = {py/P)

where po>p. If py,Dp and T,BT, we may assume p,>P>

and solve the equation approximately, obtaining

) s Ji
P = ?T"Té @, *1)]3; Py (Fig. 5)

EXPANSION AGAINST A PROJECTILE

The solution for expansion of a gas initially at rest in the

region x> 0 into a vacuum in the region x« 0 is

-t

- 2 y+ 1
T = -x_lcot o ( )““ct-x (Osxscot),
A had = - > ,_&\ =
This gives Iy (x,, t) p(x,, t) (&2 %) vwhere M f"o ”

This is the bcundary condition for the following problem: At time tf'i='é'm
<)
the region x> Xy is occupied by a motionless homogeneous body of gas

bounded at =x = x,, by a projectile of eross-sectionnl density M. The

displacenment and velocity of the projectile are respectivelys:

C--REL EASE
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t) = - == t+1‘5-3(-1‘-¢‘>“" eob = Xy

¥- 170 ¥ - 1\cpt .
{e > =
) - _.13 K?'
B = - -2z o[ (cot) ]
2( Ji

vhere X, = x+1Po

This method of treating the projectile problem is successful only
if the pressure-density relation for the expanding gas is of the form here

espumed, namely p = X j’y where K and x are constants,

PROJECTILE PROPELLED BY A FINITE BODY GF CAS

4n initially homogeneous finite body of gas is bounded on one end
at x = xy by a projectile; at the other end it is limited by a station-
ary wall (closed bresch) at x = Ry . OF i)ermitted to expand into a
reglion of leower pressure »(open breech) beginning at x = Xy v 28,

In the interval of time =x,/c,« < (x,+£ )/e,, the motion of
the projectile and the gas in the region x,< X < x,;? is deseribed by
the solution for the semi-infinite bédy of gas expanding against a project-
ile. At the time ¢ = (x,+0)/e, +the rarefaction frem the projectile
meets the closed breech or the rarefaction from the open breech, and a now
solution is required. The junction between the rew solution and the orig-
iral solution moves toward the projectile with a velocity relative to the
gas equal to the lecal velocity of sound. The junetion arrives at the pro-

Jectile at the time
b = (x,/e)) (1+ Elx,,)z-- xy/eq (1+ Lioa )"'l

where m = j’oﬂ is the ecross-sectional density of the gas in the length .é

o, o2 H sse eoe se,
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The motion of the Pheghetilo ictds

seribed by the solution for the semi-

infinite body of gas in the interval of time x,,,/coa’: t=t , namely

its displacement and welceity are, respectively,

¥=1
2 1
Y() = = ——— ot 4 S (—’fmy"' oot = %,

-1 -1 et
. A=t (ﬁ’stst )
Y(%) = - i, coll = —t N o ©
fe1 ‘cot

Fig. 7 gives the projectile veleccity as & function of position, and the

veloeity at the time &, as a function of the ratio of the mass of gas

to the mass of projectile.
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Fig. 1 Shock Wave

The dlagram shows the positions of typical elcments of gas and

of the discontinuity of pressure at two instents. The coordinate systen

is chosen so that the rarer body of gas is at rest.
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The abselsse I = %/c,t is the initial position of the gas

o0 5';0'.
YY)

(.«"I []

Caption to Fig. 2 Expansion of the Gas

partiele in units of the distance which the rarefsctlon has penetrated
into the bcdy of gas.
The displacement of the particle, in this same unit, iss

_ L Sriewr .
n=gg =0+ 518" =§

The value of C wused in the solution, - 2/(¥ = 1), is lnserted varying
C shifte this curve vertically. The curve 1s tangent to the axis of
erdinates at (0,0). In this region %> 1, 7 is negative, the curva-
fure 1s negative and the slope approaches <-)l. This graph indiecates
only positive values of 5 3 the complete scluticn is symmetrie about
the point (0,0). In the problems mentioned herve only that part of the
function in thas regicn 0 €& 1 is used.

The velocity of the particle is given in units of the initial
epoed of sound: y/on = C 3 FIr = 1). The curve is tengent to the
axis of ordinates at (0,C) and intersects the axis of abseissa at (1,0).

The density and pressure are given im uniis of the initial density

and pressurss

/(¥ + 1)

FIR = r Iy 2 (14 agfap™ = 3 > o = PRR)

The numerical value of ¥ used in plotiing these curves is 7/5.
Hote the difference of scales on the positive and negetive axes of

orainates.
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Fizes 3 Compression Under Constant Pressure
At times O, t,> O and 2t%,, the displacement y is given as
& function of the index x by the curves 0D, E,D,D, ahd EpD3D re-

spectively. This graph is drawn for the case P p,.
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Fize 4 TEBxpansion Under Constant Pressure
At times 0, t,> 0 and 2¢,, the displacement y is given as

a function of the index x by the curves OH, E,G H,H, and EpG2HgH,

respectively. The curves F, G,'H“ and FpGoHp are repstitions of the

displucenent curve of Fig. 2. The curves E,G, and EgGp are straight

lines tengent to the curves F G H, and FpGpHp respectdvely.
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Pige 5 Simultzneous Expansion and Compression

The region of initially higher pressure and temperature is
on the right of Oe At times 0, t,> 0, and 2t,, the displacement y
is given as a function of the index x by the curves DOH, DDE,G,HH,
and DD,yExGaHoH, respectivelys This is a combination of the curves

of Fige 3 (reflectod through the origin) and those of Fig. 4.
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'Fig. 6 Bxpansion Against a Projectile

At times tpe xM\r/Co’ 2ty . and 3ty the displacement y of
the gas is given as a function of the index x by the curves H,i,
Ioligll, and IgHgll respectively, and the displucement of the projectile
Y by the ordinutes of the points Hy » I3, and I3 respsctively. The
moticn bepins at time t"l o The curves FEy» 5'.212!12’ and 2"313!1'5 are

repetitions of the displacement curie of *iz. 2.
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