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Pressure calculation

In linear (the acoustic) approximation the pressure in dependence on

time and coordinate®(r,t), is found as solution of wave-like equation:
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Here Cy is the sound velocity, defined through the standard

condition values of compressibility, and specific voluma/g (V =1/p)

Vi . L
of matter as c% =—-0  The velocities, arising in matter, are connected

X0

with pressure a% =-VgradP.

Functionq|(r,t) in the right hand side of above equation is a specific

power of energy deposition. Its dependence on time may be regarded as



being of thed - function form, q(r,t) =Jd(t)Q(r ), because of a short

duration of beam spill as compared to the characteristic hydrodynamic
time of a system, defined as a time of sound propagation through a region

of energy deposition. The pressure, arising instantly=at inside the

target, is defined through the deposed specific en€fyy) as :

p(r.0) = -
\Y
Here [ is the Gruneisen coefficient, expressed by normal

conditions through the volume coefficient of thermal expansigrspecific

| . ach
heat capacitg, and sound velocitgg asl = —.

In axially symmetric caseP(r,t)= P(r,z,t), the dependence on

radial coordinate is expressed through a superposition of Bessel functions

Jo(Ar)with continuous P(r,z,t)zofla(z,t)\b(/\ DA dh) or discrete
0

series ofA values.

In both cases for spectrum amplitudR ( z t) one gets an equation:
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For high energy beam the energy deposition region has rather small
radial dimension, much smaller than the characteristic length of
longitudinal variation of deposed specific energy magnitude. This permits

to consider neglect the longitudinal propagation of pressure as compared



to only the radial propagation of pressure at long enough distances from

2
target faces, that is to neglect the derivatige— as compared tol2.

72
Function P, in this case is found a;(zt) O B (z0)cos g twhere

P, (z0) is defined by deposed energy density distribuf(r,z):

P;.(z,O)z\%fQ(r,z)Jo(/\ Nrdr. If distribution with respect to
0

transverse coordinates may be considered Gaussian, after an integration

over A is fulfilled, the expression for pressure at beam axis reads (in

accordance with [1]):
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whereQy (z) stands for specific energy deposed at beam axis.
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The pressure is falling from initial vaIueQ\:;(z) down to zero at

Cot 0130 and then to minimum valu®m,in (0, z, t) D—0.28é_Q\?J

atcpt U210 .

The negative pressure is responsible for a tension, arising in solid
matter, and for its destruction, when the tension exceeds the ultimate value
[2]. The presented above value of negative pressure defines the limit for

permissible specific energy deposition far from the ends of target, while



near the target faces an interference of direct and reflected pressure waves

can results in higher values of negative pressure.

Near target faces the solution of (1), satisfying the initial conditions

for P and % has a form:

P(z9=] (z- od+ B[z 6 -
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Here, evidently,f , (s) = P, (s0).

The expression (2) can be regarded as a superposition of waves,
propagating in forward and back directions alangxis. It is valid until
the reflected waves from target boundaries arrive. Let the boundary
between target and outlet flange bezat). Let us also neglect in first

approximation the energy deposition in flange.

This means that bg>0 the reflected from boundary wavéAD(s) is

to substitute forf J (s), while the forward propagating wave goes into the

flange through boundary. Correlation between these three waves is

determined by condition of equality of pressure magnitudes 2znd

velocitiesU, in both matters by=0. In plane wave approachi£0) this

defines the reflected WavaDin relation tof, as follows:
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with star marking the sound velocity and specific

(59 =~ fo(-3

where R = VTCO
VT
volume of flange matter.

In reality the relation (3) is valid in a few particular cases, including

the case of free target surfad®=0), where it meand /\D(s) =-f1(-9.

With Gaussian transverse distribution of deposed specific energy,

2

Q(r,z) = @( z)exp(—r—2 ), the functionf , (s) gets a form:
20

No?
f1(9 :\%JZQO(S)G 2 which permits to make an integration

over A analytically. In result the expression for pressurezay g t>0 in

case of free target surface reads:
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where wlz\/cgtz—(s+ z)2 and WZZ\/C(Z)'[Z—(S— 2)2, lo is the

Bessel function of imaginary argument.

At beam axis this simplifies to:

P0.2.9= {Q(z- o) - (= o)]- ©
C,t—z 2 zZ+ Gt 2
Cot W W
_02[ g QO(—s)ex;{——ZJ:LZ]ds— g Q- s)ex{——zazz]ds]

At a front of reflected wave, that is by + gt=0, the second of

integrals in the right hand side of above expression is equal zero, and the
pressure is defined in the main by a magnitude of the first of them. If, as it

was supposed above, we can neglect the variatio@g{fs through a

distance of severar, one gets:
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Minimum value of this pressure,Pyin(0,—cyt, t)achieved at

cot U210, is equal to:
Prmin (0,—Cot, t) D—J.Zg%(o)

This is by 4.5 times higher in absolute value than in the middle of

target.



Such a high value of negative pressure is a result of short duration
of beam spill T. In dependence ol the pressure at the front of

decompressive wave after the beam spill finist®] is found as follows:
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Hereq, stands for specific power of energy deposition. When spill

qo(0)
V@

P(0,-cot, t) O-

duration is big,coT >> o, one gets:
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The minimum pressure here Byin (0,—¢ot, t) 0-0.54

rgp(0) o2
\% Q@

The A - constituent of pressure in flange matterQ ) is found as:
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where functiongp, andg, denote the pressurg; (z t) and its derivative

with respect toz in target by the boundaryg ,(t) = P,(0,t) and

Py (z1)

g, (1) = :
oz z=0

To meet the condition of equality of pressure ahd velocity

magnitudes in both matters by the boundary, functidgpsand g, are to

satisfy an equation:
t
(1) +C\%’ [9r(1) Jo(Ap(t-1))dr =0 (8)
0

When expressed through an independent of time power of energy

depositionq(r,z) the A - amplitude of pressure in target y+ z/ ¢ > 0

has a form:
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with ) (z)=d3)|0(12' ! =\%TOI(F,Z)JO(/\ Nrdr, while the reflected
t=0 0

wave amplitudef AD is defined from expression (8).

Indeed, the functiong, andg, are found from (9) as being equal

to:
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and after substitutions made in (8), one gets for correlation betiyeamd

f AD an integral equation:
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With the use of (3) as zero approximation to solution of (10) the

first approximation correction addition té,’, & f(l), Is found in a form:

& (cot) = (1+R qf (= CoT)—[J (/‘COV )+
%t 3, (et - 5))J0(Acm/£ ? —rz)if]dr

T

If f,(s) is a slow varying function, so that it may be carried out

the integral in (11), the expression fdrf(l) reads:
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When ¢, = ¢, the addition is equal zero, and, hence, the boundary

condition (3) appears valid in case of equal sound velocities in both

matters.

Besides this the condition (3) is applicable near — at distance much
less thano — the fronts of both the reflected wave and that propagating
through the boundary.

In common case the correction addition of higher oraﬂaf(nﬂ),
n=123,..., are found with the use of formulae:
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When RO 1and ¢, /cO [02.4, which corresponds to the lead target

*(T’H’l)
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and titanium flange, the convergence of correction addition series is rather

slow by large values of ratig,t/o .

The numerical solution forf ;.D(s) can be obtained by means of

substitution of a sum Zn:Af;(cori)]KA(t,ri) for the integral
i=0

t
[ 1 (cor)IK, (t.7), where K, (t,7) denotes the corresponding function in
0

the equation, got from (10) after derivation with respect. td his creates
a system of linear equations for definition df, (c,7;) with 7; =0 and

T, =1.
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The effect of precise solution fof ;{s) is illustrated in figure, where

the pressure & =0 is presented versus time for a case of infinitely short
beam spill duration. The dashed lines 1 and 2 are calculated from (7) and

(9), accordingly, with the use of condition (3), while the solid curve is

described by both of this expressions whég(s) is the solution of

equation (10) .
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