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Abstract

The one-dimensional hydrodynamic code so far used for the

simulation of the target improsion in ICF, the artificial viscosity has

been employed as the dissipation terms. This artificial viscosity

depends on the mesh width of the space using in the simulation and is

much large in comparison with the real viscosity. In this paper, it is

shown that this artificial viscosity leads to the unreasonable fusion

parameters depending on the used mesh width of the space. Several

methods to modify the dissipation term are given in this paper.

§1. Introduction

In ICF (inertial confinement fusion) derived by LIB (light ion

beam), LIB is irradiated on the target which is shown in Fig.l. The

target is a cryogenic hollow shell one which consists of the three

layers of Pb, Al and DT.

In the process of the fuel implosion, a shock wave is formed, the

DT fuel being accelerated by the Al pusher. After the fuel collides at

the target center, another shock wave appears and expands outward.

The fuel is heated much through these shock waves, the kinetic energy

being dissipated by the viscosity in the shock layers. Thus the

careful estimation of energy dissipation in the shock layer is very

important to obtain the correct fusion parameter and hence the pellet

gain.

§2. Artificial Viscosity

The one-dimensional, spherical hydrodynamic simulation code for

ICF target implosion consists of the following momentum equations and

the energy equations for electrons and ions,

„ 3(P.+P ) 3V
Du_ v l e s. e

pDt~~ 3r " 3r ^1 ( 1 )
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Dt ~ DT + 2 V r ^ El (3)

In eqs.(l)-(3), V and q are respectively the viscosity terms giver by

V ^ ( 4 )

3r2 (5)

In the above equation, r is the radius, t is the time, P is the density

and is given by p=m.n.+m n , where m is the paricle mass and n is the

number density. The suffices i and e refer respectively to the ion and

the electron. The simbol u is the velocity, p is the pressure, V=l/P is

the specific volume, E is the internal energy, T is the temperature, S

is the momentum source term, S,, is the energy source term, Q is the

thermal conduction term, k is the Boltzmann constant, a is a constant

to be chosen as a=2 for spherical geometry, v . is the collison

frequency between the electron and the ion, A r is the mesh width in

space and a is a constant which is chosen as a=0.2. In the above
2

equations, the artificial viscousity is proportional to (Ar) . The

shock layer extends over a mesh width which is usually much longer than

the mean free path on which the real shock wave is formed. The

difference between the dissipations by the real and artificial

viscosities in the shock wave leads the differences in T. and<pR>of the

fuel after the implosion.

§3. Numerical Errors by Artificial Viscosity

The ion temperature T. and the fusion parameter <P R> strongly

depends on the mesh width in space, if we use the artificial viscosity

in calculations. Figure 2 shows the pressure at the outer surface of

the DT fuel layer versus the time. This temporal behaviour of the

pressure depends on the way how the beam energy is poured into the Al

pusher and how the pusher expands. For the fuel implosion, we assume
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p. in Fig.2 as the basis of the calculations. Calaulations are carried

out for only one layer of the fuel whose radii of the outer and inner

surface are 4.835mm and 4.670mm, respectively, and the density is solid

one of 2.1g/cm , and the temperature is 10 keV in the initial state.

Figure 3 shows the numerical results for p. versus r at the instant of

t=9.592ns. The numbers in the figure show the total mesh numbers in

the fuel layer. To calaculate, Sesame Librara is used for obtaining

thermodynamical valiables instead of using the equation of state. It is

clear from the figure that the shock thickness and hence the

dissipation in the shock wave depend on the mesh number. It is

necessary to tend the shock thickness to zero in order to take the

dissipation in to account acculately. Figure 4 indicate that the

fusion parameter <pR> does not change much by the mesh number (at

t=35.2ns). The ion temperature T., however, changes much depending on

the mesh number as is shown in Fig.5. The time t=35.2ns is the instant

when the fuel is compressed to the maximum value.

§4. Remarks on Numerical Results

The fusion parameter <pR> and the ion temperaure T. at t=35.2ns

are plotted for the initial ion temperature T in Figs.6 and 7,

respectively. The figure is obtained for the mesh number of 5, for the

two cases that the idea gas relation and the table by Sesame Library

are used as the equation of state. It seem to be difficult that

unreasonableness of the employment of the equation of state for the

ideal gas canot be softened by modifying the initial ion temperature to

approach the values to those by Sesame Library.

In Figs.8 and 9, the fusion parameter <PR> and the ion temperature

T. for the mesh number of 5 and for the time t=35.2. For these two
l

figures, the temporal behaviour of the ion pressure p. at the outer

surface of the fuel layer differs from that in Fig. 2, and t taken

along the abcissa is the time interval in which p. rises up from zero

to the maximum value. The figures suggest us that thr difference in

the rising time of p. causes formation of different strength of shock

wave and induces the different amount of dissipations in the fuel

layer.

§5. Proposals of Method to Estimate Dissipation in Shock Layer



The following methods can be considered to modify the dissipation

terms in the equations.

1) When the gradient of the velocity in the fuel layer becomes steep,

the mesh is divided into small ones until the quanity of the

dissipative energy in one mesh aproaches to the limiting value.

2) After finding the shock position, the values before and after the

shock wave are connected by the Rankine-Hugoniot relations.

3) Move the mesh points so as to concentrate them near the shock wave.

4) All the changes in the fuel layer are considered to consists of

many discontinuous shock waves and rarefaction waves. When two waves

are overlapped with each other, we give an rule how the waves are

seperated into two waves of another strengthes.

The numerical results by these modifications i'or disspation terms

have not obtained yet at the present time.

Figure captions

Fig.l. Target structure.

Fig.2. The assumed pressure at the outer surface of the fuel layer

versus the time.

Fig.3. The numerical values of p. for the shock wave (at t=9.592ns) in

the imploding fuel layer as the function of the mesh number.

Fig.4. The calculated fusion parameter <PV(> at t=35.2ns (the instant

of reaching the maximum density) versus the mesh number.

Fig.5. The calculated ion temperature at t=35.2ns versus the mesh

number.

Fig.6. The calculated fusion parameter <PR> versus the initial ion

temperature T by using the equation of state for the ideal

gas.

Fig.7. The calculated ion temperature T. versus the initial ion

temperature T by using the equation of state for the ideal

gas.

Fig.8. The fusion parameter <PR> as the function of the rising time t

of the pressure p. at the outer surface of the fuel layer.

Fig.9. The ion temperauture T. as the function of the rising time t .
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