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Abstract

PRELIMINARY RESULTS OBTAINED FROM A DENSE PLASMA FOCUS
In this study, for the data processing in our Dense Plasma

Focus (DPF) system, a multiparameters numerical hierarchy obtained
from the fundamental equations based on the snowplows model and
its conclusions have been developed. Evaluating the data along
the transients of the total plasma current, the anode current and
the focus voltage recorded by on oscilloscope, they have been
possible to determine the time domain plasma parameters such as
the "hoc* thickness, the sheat temperature, velocity and electron
density, the pressure at the focus phase and the plasma temperature.
Besides, the dissipated energy through the focus natch or in other
words, the plasma temperature has also been calculated by means of
the numerical integration. In the text, a performance chart
together with soma other correlation curves for the optimization
of the DPF systems are submitted and discussed.

1 . INTRODUCTION

It is well known that the investigations carried out on DPF
are generally directed towards the two main subjects: (1) the
plasma parameters; (ii) the electrical characteristics. Although
the neutron production mechanism during the plasma focus 1s not
exactly known, it has been tried to explain this mechanism
depending on thermal plasma |1|. the beam target |2| and the 1on
converging |3| models. Because of the DPF systems can also be
operated as an electron or ion accelerators |4|, they have been
caused to researchs on to find out the peculiarities of high
energy electrons and Ions extracted «long the focus, Typically,

creating a solid dense plasma medium (10Zcm ) via DPF, it is
possible to realize the fusion reaction D(d,n)He and to examine
the specifications of particle dynamics of the fusion products
|5|. To become explainable thé behaviour of the pinch discharge
dynamics in a DPF by the snowplows model being still valid and
attractive; and to be known the active role of the inductive
effects after the pinch phase on the particle acceleration, they
bring into view the different abilities to see of the problems on
that of the DPF systems.

In all of these studies, they have not been generally carried
out any multi-parameter analysis on a definite method, but they
have specifically been used sane known particular diagnostic
techniques.

In this study a simple numerical hierarchy in which the
experimental data can be used and computational model based on
the snowplows theory (and its complementary equations) has been
developed and by means of a versatile dense mini-Focus system
(Mather type), it has been verified experimentally.

Because of the storage energy of mini-Focus system is limited,
experimental data of some other similar studies |6—7] has been
utilized in this numerical hierarchy and it has been observed
that the obtained results from the model and from the original
study are very close to each other. On the other hand, expected
experimental results has been found by extrapolation and for the
optimization of DPF systems, a multi-parameter performance chart
has been able to be drawn. Besides, the correlations among the
main plasma parameters, the electrode geometries and the electrical
reference data are submitted and they have been discussed from
the view point of the system concept of DPF.

2. SYSTEM

The plasma focus (Mather type) is consisting of l.S kJ
condenser bank, a controlled spark-gap switch, a co-axial
accelerator (internal and external electrode radii are 1.0 cm and
2.0 - 3.0 cm respectively and accelerating tunnel is 10.0 -
12.5 cm) and needed electronic control and measuring systems.

3. PRELIMINARIES

It is known the fact that the plasma focus development in
a plasma system depends upon the breakdown, acceleration and
collapse phases respectively. For the plasma focus discharges
which contain all these three phases, a modified electrical
circuit model 1s seen in Fig.1. In the Figure; C h Is the bank
capacitance. Vh(0) the bank voltage (fully charged), IU0) 327
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the initial storage energy, Lb the inductance of the capacitor

bank, Le the external inductances, J-of the inductance of the

focus electrode system, Z Q f the characteristic impedance of the

electrode system and Ld(t) and Rd(t) are the inductance and the

resistance of the discharge respectively. The discharge voltage
signal which can be recorded on the oscilloscope, may approximately
be written as,

Vd(t) = (d/dt}[ Ld(t)Id(t) ] + Id(t)Rd(t) (1)

On the other side an improved time varying discharge resistance
can be given to be,

- The electron temperature by means of Eqs. (3) and (9) ;

V 2/3

where Td is discharge period, V^O) and V2(
Td' a r e t h e o n s e t and

the one period after amplitudes of the discharge, the correction
coefficient y = Vb(O)/Vb(Td/2), here Vb(Td/2) = [ 2iyt)/Cb ]

1 / 2

and Ub(0) - Uf(Tp/2) = Ub(t).Ub(O) = 0 . 5 ^ ( 0 ) numerically but
Uf(T /2) by the numerical integration method can be found. By the
reason of the numerical hierarchy other fundamental equation of
plasma focus |8| are: , , , ,
- Spitzer's resistivity relation; p = 3.3xlO'°/Tg' onm-cm (3)
- The velocity of current sheat with respect to snowplows;

2 2 1 / 4 (4)

(5)

(6)
(7)

y
(c2E2/4*p0)1/4 an/sec

(2u )'7c«"1/2 cm- The shock thickness

where a'1/2 = 2.9xlO"3ng/2/B

- Magnetic pressure B2/8ir = ̂ eMTe+T.j) dyne/cm
2

- Minimum compression radius |9| r » c /4irg-.v_ cm
III t S g

where the turbulent electrical conductivity g t - %
T^dcTg)^ cycle/sec.

4. NUMERICAL HIERARCHY

The fundamental focus parameters can be calculated by the
help of the following equations:

- The shock thickness from Eo.(5)i T$(t) - Const/Id(t) cm (8)

- The plasma resistivity using Eq.(8) ;

p(t) - Vd(t)7rT
2(t)/Id(t)Xf ohm-cm (9)
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y

] 2 / 3.Sx lO-Vf t ) ] 2 / 3 keV
- The electron density from Eq.(4);

(10)

np(t) - [ ] Const [ \./t n-3

where dac is the gap between the anode and cothode, Af is the

length of the electrodes.

5. RESULTS

As is seen in the electrical equivalent circuit of the focus
system (Fig.l), the geometric inductances Lb, L g and L Q f are being
more effective on the discharge period. Although the plasma

impedance, 7 (t) = [ LJj(t)u2 + R2(t) ] 1 / 2 has a non-linear property

(e.g., in the focus phase it is 185 mohms) depending on the
pressure and using gas (H, D or He), the half period (T./2)=3.5
ysec typically) has approximately shown a maximum increase of .
45 o/o. The inductances per conventional power capacitor group
(Cb=4pF, Vb(0)=10-15 kV, Ub(0)=200-450 0) have been found as
Lb=62.9 nH, Le=7O nH and the inductance of focus accelerator as

16 nH. Using a versatile bank system; at the 0.2, 0.4 and 0.6 kJ
energy levels, experiments have been done and extrapolating for
the energy thresholds of the 1.1, 1.8, 3.5 kJ they have been
arrived to those expecting results. As it has mentioned in the
numerical hierarchy, during evaluation too, current and voltage
oscillograms and the physical parameters of the DPF system have
been accepted to be basic data. Besides, the oscillograms taken
from the studies done by the others |6-7|, have also been
evaluated by this method and it has been noticed that the numerical
results obtained is very close to original ones. As it is known,
the first half period contains of breakdown, acceleration and
collapse phases. The different input energy levels being as a
parameters, the functional relation between the plasma temperature
and the efficiency is seen in Fig.2. The efficiency has been
calculated from the value of energy used in first half period. A
correlation between the electron density and plasma temperature
is given in Fig.3. Here too, the same parameters in Fig.2 have
been taken into account. It has been understood that after the
energy level of 0.6 kJ, the density increases with the temperature.
For a constant geometry, using Hydrogen gas, the plasma
temperature has a minimum at the energy level of 0.6 kJ. In Fig.4
a performance chart is presented. In the chart, the gases to be
used (H. D and He), the gap between focus electrodes (1.25, 1.75,



1
2.0 and 2.25) and the input energy hevels have been selected as
_the parameters and the correlation between the electron density
ne and the electron temperature (for the most probable distribution)

has been shown. Thus, it has been possible to define a DPF system
together with the physical and electrical parameters depending on
the specifications of discharge medium.

6. CONCLUSION

A 'Mather1 type versatile DPF system has been realized.
Controlling in a wide operational range of the input energy with
a constant bank voltage but with a variable bank capacitor {Td

J

constant) and using various electrode geometries, the properties
of the different plasma media (H, D and He at the pressure range
1.0 - 10.0 Torr) has been determined by a simple and alternative
method. This can also be converted into fully automatic digital
data processing system. On the other hand, it can be possible
to investigate and optimize the system arrangement of DPF by means
of a simpler way, for the different employments. The preliminary
comparison have exhibited the accurary of the method.
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FIG.l. Equivalent electrical circuit for DPF.
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FIG. 2. Efficiency of DPF system.
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FIG.4. Performance chart of DPF system.
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