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Abstract

By means of a new two-dimensional three-temperature hydrodynamical code we considered the burning of the deute-
rium fuel with a small amount of a catalytitde in a cylindrical channel. To reduce the requirements for an ignition
heavy ion beam we used an irradiated DT tablgt,m= 4-10° TW/g, Epeam= 0.5 MJ). We received the steady burning

wave for the parameteir = 8—10 ¢/cm? with a gain coefficienG = 30 in comparison with such parameters for the DT

fuel G~ 140 atpr = 0.5 g/cm? Upon reducing the parameter ~ 4 g/cm?, the burning wave disappears moving along

a channel. Apart of the deuterium fuel burns with a reduced gain coefficient of 3—5. In the case of large fuel gensities

100 g/cm?®, our estimates show extremely large requirements for a compression beam 450-75QpM3 fbg/cm?.
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1. INTRODUCTION while Atzeni and Ciamp{1999 made more positive con-
clusions for a deuterium fuel. More complex regimes for the

The DT fuel heavy ion fusiofHIF) conception for a cylin- yeterium burning were estimated by Linh&t893 and
drical target was analyzed in detail in the HIF2002 sympo-gjjhaq et al. (2001). We investigate the burning of the deu-

sium(Baskoetal, 2002. Thisis a cylindrical inertial target griym fuel in the cylindrical target. To reduce the burning
with a direct irradiation. In the compression stage, the fuel '%emperature we introduced a small amo(ii% of the ions
compressed by a heavy shell moved into a symmetry axig¢ 5 catalytic®He into a fuel. To keep the same parameters
due to the energy of a hollow beam deposited in a absorbgp, o, jgnition beam we used the deuterium tritium tablet
shell. In the next stage the compressed fuel is ignited by, o qiated by an ignition beam.

another beam. The ground parameters of the energetic Sys-Thg possibility of burning in the target at different densi-

tem for the DT project are presented in Tablgsee also ieg in inertial fusion can be estimated by the paramgeter
Fig. 1). The requirements for & compression beam for arpis narameter indicates whether the reaction rate is enough

cylindrical target are similar to those parameters for an ins,, ihe burning during the character hydrodynamical time of
direct spherical target. The parameters of an ignition beam

are now seen as enormous. Nevertheless the theoretical in-
vestigation of cylindrical targets can be useful. Probably therayie 1. parameters of DT target
Rayleigh—Taylor instability problem for such a target has a
simpler solution than this problem for an indirect spherical Stage
target with converters because of the possibility of receivinqbaralmeter

a high initial symmetry of a target and an adequate symme- Compression 'gnition
try of a compression beam. Pruel, 9/Cm3 0.225 100
The next logical question would be about the analogouguei, €m 0.105 0.005
parameters for the cylindrical target with a deuterium fuel.(P" et g/gmz 114 10865
Today there is no an acceptable positive conclusion for théssh'::i’ fécm o4 0.015
deuterium target even in the case of a very hard deuteriurg,_ cm 1
project. There are some almost negative conclusions aboup! )peam 9/cm? 6
the burning of a deuterium fuel chanri{&eoktistov, 1998 tJ_br%aafn TW/g ~i88 410; ,
Ime, ns ~ .
. . Ebeam MJ ~7 0.4
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Fig. 1. Scheme of cylindrical targets.

the fly away. It can be noted that the massive shell camused is the same scheme as for a DT taf@able 1) but for
considerably increase the time of the existence of the fuel aifferent scaled densities of a fuel and an envelope. In some
high density even for a small parameper For the character calculations we fixed densities but changed the length scale.
density 100 gcm?® and the times1 ns, the ion temperature The DT tablet irradiated by ions is used for a deuterium
T, ~ 108 K is sufficient for a fast burning of the DT fuel. At ignition at comparatively low requirements for the ignition
such temperature@f the radiation temperature can reach beam. We obtained the following results:
the ion temperatudethe radiation energgec T#) is only a
little part of the total energy in comparison with ion and
electron energie&x T in an ideal gas EOS approximation
In the optically thin regime, the radiation losses have the
weak influence of a burning regime in a DT fuel. The burn-
ing of a deuterium fuel for selected parametgrs 100
g/cm® t = 1 ns has an appropriate rate only for the ion
temperaturd; ~ 10° K. At such temperatures and densities,
the equilibrium(T; ~ T, ~ T,) is established during a short
time. Then the radiation energy becomes the main part of
the total energy. The loss of radiation can stop the burning
along a channel. Whether the region is optically thin or thickThese are expected results. The density after a shock wave is
for a radiation also can be estimated by the optical pattess then ¢, because of the reducing of an average den-
parameterpr. Computational simulations are required to sity inthe channel cross section before a burning front due to
estimate the burning in the target with a deuterium fuel.  radiation heat. At a densityr = 5 g/cm?, the optical path

In this work, the new multidimensional multitempera- for photons is close to 1 for Compton scattering.
tures codé MDMT ) was employed to obtain basic param-
eters of the deuterium energetic system in a cylindrical target.
This is a Eulerian Godunov type codsee details in the 10°
work by Churazoet al, 2001). We used the two-dimensional
approximation(with independent variables z in a cylin- 10 3
drical coordinate systeyrand three temperatures for ions,
electrons, and radiation. Radiation and electron transfers are
considered in a diffusion approximation with flux limiters. = 10" "
Instead of the diffusion of charged particles, the local en+*
ergy deposition is adopted. In some calculations, the diffu+ 1
sion of a particles is included. Neutrons are disregarded.
The ideal gas law equation of state with= 3 for ions and
electrons is used. Kinetic coefficients have been taken from 1'F
one-dimensional Deira3 code by Bagd®90. E

« the burning regime is characterized mainly by the pa-
rameterpr;

 at a stationary burning temperaturgsT,, T, are in an
equilibrium except some zone around the burning front;

« there is a stationary regime with a detonation for the
parametepr = 8-10 g/cm? (see Fig. 2,

e for pr = 4 g/cm? the burning disappears during the
moving of a burning wave along the channel due to
radiation losses, but some part of the deuterium fuel is
burned due to a massive envelope.

0° 1 1 1 ! 1 1 1 1 1
0,00 001 002 003 004 005 0,06 007 008 009 010

zZ,cm

2. BURNING IN THE DEUTERIUM CHANNEL

. . Fig. 2. The existence of a steady solution for largge = 2000 g/cm®
First of all we considered the common problem about the ,r = 10 g/cm?) in a deuterium channel. Temperature profiles at different

burning in a compressed deuterium channel. The schem®oments in a symmetry axisin nanoseconds
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Table 2. Parameters of deuterium target

Stage

Compression

Ignition
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optimization of the target illumination may be employed to
decrease the compression energy. For instance, the level
Epeam— 100 MJ was considered by Koshkareh®89 as a
complex, but a real task for the accelerator technics. The
works about an adiabatic compressi@olgoleva & Zabro-

Parameter Initial-> received Adopted values  din 1999 may be used for solving of such a problem.

pruen g/Cm® 0.16— 100 100 For the two-dimensional simulation, we have taken the
tuel, CM 0.561— 0.023 0.04 received average fuel density but we adopted a bigger fuel
(p")tuer, 9/CM? 4 radiusry,e = 0.04 cn? than a received radiug, = 0.023 cn?

Pshel, 9/cm® 11.4 1000 while increasing the estimated beam energy for a compres-
:D;‘ab'g‘lincm’ 063 %'01%5 sion stageEpeam= 450—750 MJ. Calculations show the ex-
Zsm:l' em ' 1 ' istence of a burning wave along a part of a tagee Fig. 3

(o1 beam G/CM? 6 before the ion temperature is reduced to some units K10
Jpeam TW/g 1230 410° During this time part of the deuterium fuel is burned. The
time, ns 250 0.2 received gain coefficient can be estimated as 3-5.

gbea'“ MJ 250 35 0.4 For parametersge = 0.08 cm andpr = 8 g/cm? esti-

3. CYLINDRICAL DEUTERIUM TARGET

mates give the gain coefficient as about 30.

4. CONCLUSIONS

Our two-dimensional calculations show the existence of a

There are two significant moments in comparison with pre-stationary burning in the deuterium cylindrical targets for
vious works(Churazov & Sharkov, 1993; Atzeat al,, 1998.
We adopted the possibility to employ the target with the bigcient of ~30 and the total energy output ef30 GJ. The
energy outputE,,; = 3 GJ. It is not necessary to use a lower level of energy can be reached only for very high
magnetic insulation ipr = 2—4 g/cm? A big energy input
with the scale~450-750 MJ was employed to obtain the such densities remains unknown.

effective compression of this big target. As an example of The reduction of the parameter to a value of~4 g/cm?
this compression, the set of results is shown in Table 2.

parametepr = 8-10 g/cm? with an attractive gain coeffi-

densityps,e = 1000 ¢/cm?®. But the possibility of receiving

allows for burning of part of the fuel but with a little gain

A cryogenic cylindrical target was considered to obtaincoefficient estimated as 3-5 fpy,; = 100 g/cm®. There is
the fuel densityp ~ 100 g/cm® and the target parameter an open question about the optimization of a compression
pr = 2—4 g/cm? The scheme of this target is shown in for reducing the deposited energy.
Figure 1. The beam rotates around the target axis with In an example of the target design we are developing, a
period sufficient to obtain a good axial compression sym-new MDMT code is presented that also require such im-
metry. The special form of the energy input was intro-provements as the introduction of diffusion equations for

duced at the compression stage of the tafggt.{r,t) =

12.3.10%(t/10°8 n9)®[erg/(g-9)] in the “lead” shell with a
densityp = 6 g/cm®. In one-dimensional calculations of a quires some optimization for the reducing of calculation
compression stage by Bask&990 Deira3 code we re-
ceived in the final stage the average value of a fuel densitymportant multidimensional problems as the Rayleigh—
pruel = 100 g/cm® and a fuel radius, = 0.023 cm at
expanses of beam energy 250 ¥ihable 2. Probably the

all charge particlegprotons, the spectral radiation diffu-
sion, and probably a neutron transport. Also our code re-

time. By means of this code it is possible to consider such

Taylor instability and a mixing of a fuel and a shell in a
compression stage.
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Fig. 3. Density profiles at = 1.5 ns. Igomin = 0.9, Igpmax= 3.6,Alg p = 0.1.
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