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Abstract
In this paper we discuss a concept of a large-size-pellet ion-beam inertial confinement

fusion(ICF) in which a DT fuel pellet is more than several tens mg. In the large-size-
pellet ICF the fuel is compressed to less than 1000 times the solid density, for example
about 100 times the solid density in order to realize pR > 1 ~ 3g/cm2. Because of the
low compression ratio, constraints required for the uniform fuel implosion are relaxed
compared with those for a high-compression implosion of a small pellet. This concept
of the large-size-pellet implosion may present another approach to ICF. In this paper
we present a simple estimation for the concept and one-dimensional numerical analyses
for the large-size-pellet implosion. A simple linear estimation for the Rayleigh-Taylor
instability presents that the fuel pellet may not be destroyed by the instability.

Introduction
A large number of studies for inertial confinement fusion (ICF) have been performed. [1-

4] The researches have been concentrated on a small-size-pellet DT ICF. The small pellet
is compressed to about 1000 times the solid density in order to extract the fusion energy
in a short time with a high burn rate and to save the input driver energy. The requirement
for uniform compression of the small pellet is quite stringent:[1-3] it is well known that
the nonuniformity should be suppressed less than a few % in order to attain the high
compression. One of other approaches to ICF may be a low-compression one, which is
presented and discussed in this paper. In the low-compression scheme, a fuel should
contain a larger DT mass compared with that in a high-compression pellet in order to
attain pR > 1 ~ 3g/cm2. Because of the low compression ratio and the large size of
pellet, the low-compression scheme relaxes the uniformity requirement and the driver-
energy-focusing one, which is quite severe especially in Light-Ion-Beam ICF approaches.

The purpose of this paper is to point out that a large pellet is robust against the
nonuniform implosion compared with the small pellet, and that sufficient fusion energy
output may be obtained in the large-pellet impact ICF.

Concept of Large-Size-Pellet ICF
One of the main objectives in the large-size-pellet ICF is to reduce the fuel density

compression ratio. Because of the low compression, the uniformity requirement can be
relaxed.

The input energy being required to compress and heat the fuel is estimated by the sum
of the heating energy Wh = 3&.3MDThTi J and the energy (pressure work) to compress
the fuel. Here MDTh is a fraction of the fuel {MDT mg) heated up to T{ eV by the
input energy, and its radius is assumed to be 3 times the radius at which a produced
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a particle stops. In the calculation for the pressure work, electrons are assumed to be
in the perfect-degenerate gas state. The pressure work is WP = 114(/c2/3 — \)MDT J,
where K is the density compression ratio. In this section we employ the following typical
parameter values in DT ICF: pR = 3g/cm2, the implosion efficiency is 5%, % =20%,
M =1.1, fa =0.1, Ti = 5keV and r)t =45%. Finally we obtain the relation between the
compression ratio and the input energy, as shown in Fig.l; the numerical values beside
the line denote the total DT mass. For the large pellet containing about 1 gram of the
DT, the required density compression ratio is rather low and is less than 100.

The implosion-uniformity requirement can be estimated as follows: first the nonunifor-
mity of implosion speed 6vimp is estimated. From the approximate relations of Ro = Vimptf
and 6R = 6vimptf, 6vimp/vimp = 6R/Ro = {6R/R){R/Ro) = (6R/R)K~1/3. Here Ro is
the initial radius, R the final radius of the pellet and AC the volume compression ratio.
On the other hand pR is proportional to R~2, and 6(pR)/(pR) = (1 + 8R/R)~2. Then
6R/R = {6(pR)/(pR)}~1/2 — 1. Combining these relations, we obtain A = 6vimp/vimp =
{{6(pR)/(pR)}~1/2

 -1}/K1/3. From this result Alow_p/Ahigh-.p = ( / C A ^ - P / K ^ - J 1 / 3 .

Here Ahigh-p shows the nonuniformity in the conventional high-compression scheme and
Aiow-p presents one in the large-pellet ICF, for the fixed allowable 6(pR)/(pR). For
the high-compression scheme the volume compression ratio Khigh-P is about 10000, and
for the large-pellet ICF KIOW-P may be a few hundreds to 500 in our pellet employed in
this paper. Therefore the factor of Aiow-plAh.igh.-p is about 2.7~4. Consequently the
nonuniformity tolerance in the large-size-pellet ICF is 2.7~4 times larger than that in the
high-compression ICF. The nonuniformity of about 5~8% may still give sufficient fusion
energy output in the large-pellet ICF. This result confirmed that the large pellet is rather
stable against the nonuniformity compared with the conventional small pellet.

Simulation Results and Stability
Our simulation was performed by a one-dimensional hydrodynamic Lagrangian code.

In order to simulate the large-size pellet we employ the three-temperature model.
Figure 2 shows a fuel pellet structure employed in this study. The numerical simulation

is started at the instant when the ion-beam-deriven-accelerated projectile impacts on the
pellet surface. A DT gas is located at the pellet center. The projectile is made of the
solid Pb and is accelerated to 120 km/s.

Table 1 shows the parameter values employed in the simulation and a part of the results
obtained. Figure 3 presents the radius-time diagram. By the initial shock wave, first the
inner DT gas reacts slightly at about 34 nsec. At this time the main DT is not yet
ignited (see Fig.6). After the further compression, the DT gas is ignited and burned at
the time(~67 nsec) of the maximum compression. The main DT fuel is also heated up
by the alpha particles produced in the DT gas. Then the main DT fuel is ignited and
burned in a manner of a volume-compression scheme. In this particular case the implosion
efficiency is about 3.5%. The maximum pR is 6.84g/cm2. The peak DT number density
is 383 times the solid density. The fusion energy output is 64.2GJ and the pellet gain
is 428. The burn-up ratio is 76.2% in this case. This high burn ratio is consistent with
the high pR and the long burn time. The burn time duration is longer than 2 nsec (see
Fig.8), that is rather long compared with that in a conventional small pellet.

Based on the numerical results presented above, we also performed a simple linear
estimation for the R-T instability growth. [4] In order to evaluate the growth, we computed
7T, which can be estimated by the following integral: ^T ~ /J dt\f Agk Here A is the
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Atwood number, g the acceleration which is obtained by the simulation result, r the time
interval during which the R-T instability takes place, and k the wave number which is
estimated by 27r/(the thickness of the layer concerned). In our simulation the interface
between the solid DT and the pusher is in danger of the R-T instability. The histories
of the growth rate 7 and the growth factor 7T are presented in Fig.4. The instability
is found during the deceleration phase by the reflected strong shock wave (mode 1) and
the stagnation phase (mode 2). (At the very beginning of the implosion we have another
unstable mode (mode 0). However JT < 1 for the mode 0, because of the small A: and
7.) 7T3 is about 3.8 during the stagnation phase (mode 2) for the interface. 77^ is about
2.0 during the deceleration phase (mode 1) by the reflected shock. We believe that these
values are not too large in the large-pellet ICF.

These estimation results present that the large-size pellet may not be destroyed by the
R-T instability.

Conclusions and Discussions
In this paper we proposed the concept of the large-pellet ICF, and discussed about

it based on the hydrodynamic computer simulations and the simple estimations. The
results of this work demonstrate that the large-pellet ICF scheme may supply sufficient
fusion energy output. The results of the researches also show that the large pellet may be
robust against the nonuniformity compared with the small pellet. We also performed the
linear estimation for the R-T instability growth based on the one-dimensional simulation
results. The linear analyses present that the large-pellet implosion may be rather stable.
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Table 1. Parameter values employed and Results
PARAMETER

DT gas layer radius
(DT gas density)/(DT solid density)
DT solid layer thickness
Total DT fuel mass
Pusher thickness
Pb projectile thickness
Pb projectile speed
Input energy
Maximum DT ion temperature
Maximum pR
Maximum compression ratio of the DT fuel
Fusion energy output
Pellet gain

VALUE
5.00 [mm]
1/10000
2.43 [mm]
0.250 [g]
0.500 [mm]
1.86 [mm]
120 [km/s]
150 [MJ]
11.6 [keV]
6.84 [g/cm2]
383
64.2 [GJ]
428
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