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ACCELERATION OF SOLIDS BODIES IN RAIL
PLASMA >Oﬁ—wrmz>€0_~m_v

KULHANEK. p_3) MALOCH. J.}) VALENTA. R.%) VON DRACEK. 8. Prahy

The acceleration of solid bodics in raj plasma accelerators under atmospheric
bressure is discussed in the paper. The influence of the cleetrodynamic force and the
force of pressure of the wire explosion initiation of the discharge is treated. Theoretj.
cal results were compared with experimental ones,

1. INTRODUCTION
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2. ACCELERATING PROCESS WITHOUT PRESSURE TERM

For a simple solution of the equation of motion (1) of the accelerating process
without pressure term the following assumption will be used [2]:
A) The mass dependence is supposed to be

m(x) = m, + m,x, (2)

where m, is a constant part of the accelerated mass (accelerated body maa
lasma nmcmﬁoc, m, = Sg is the mass of the air snowploughed ahead of the solid
Wo&\ per unit length, S is the cross section area of the accelerator and © the
density of the air. o
B) The electrodynamic force is given by:
F, = R, 3
2
where /s the inductance of the electrodes per unit length and [ is the discharge

current. ‘ . X
C) Time dependence of the discharge current is supposed to be

I=Ae %sina, 4)

where 4 = U/(Lyw), o = g — &, @ = LGy, 6= (R, + R)/2L,), U, G
are the initial voltage value and the capacitance of the oo:@osmnq battery,
respectively, L,, R, are parameters of the external circuit, R, is the constant
plasma resistance. . . .

After the integration of the equation of motion (1) we obtain

(my + mx)o = p(1), ’ , (5
where
~28r
i 4 e w2 (S cos 2at — w sin 201) — g + ¢ g (6)
p(t) = ! IN: dt = -w, o e 5

Performing the integration of eq. (5) we geta n:maﬂ:o equation for the space
coordinate x, wherefrom the x(¢) dependence is obtained:

()= Tt PG + 2m (1) @

m,

pQ) ®)

"=
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Table 1

Paramecters of the aceelcrator

Initial voltage value U, I x10'y
Capacitance C, L7977 x 10 *F
Inductance of the outer circuit Ly 78 x 10 °H4
Inductance of the electrodes per unit length / Ix 10 *Hm 1
Plasma and outer circui resistance R+ R, 7x10°Q
Mass of the solid body m, 4.95 %10 *kg
Mass of the snowploughed air per unit length m, 324 x10 ¢ kgm !
Cross scction arca S 324 x 10 ' 2
Initial pressure P, 1 x 107 py
Initial volume v, 5.09 x 10 ¢
Accelerator length b 0.5m

where

! T 5 =& .
(1) = % p(Dde = Rﬁlﬂ *&au-z sin20r + < & (e™** cos 201 — :W +
0

8 Loy 2
_ ~24
t 1 +28t+e lW@. ©)
25 @,

The time dependences u(r) for the parameters from table 1. and various
values of initial voltages are indicated in fig. 1.

F uib,wuwalswu RS (10)
@Sy
Vo

where V(x) = Vo + Sx is the volume of the accelerator behind the accelerated
body, ¥, is the initial volume and P, the initial pressure of the wire explosion
which is about 107 pa. Having assumed that both the electrodynamical and the
pressure forces are present we solved the eq. (1) numerically. The resultant
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Fig. 1. The velocity dependences without the Fig. 2. The velocity dependences with the press-
pressure term. ure term.

velocity is plotted against time for various values of the initial voltage of the
condenser battery in fig. 2.

4. EXPERIMENTAL DEVICE

A basic scheme of the proposed experimental device is indicated in fig. 3.
Both the external electrical circuit connected with the rajl accelerator and the
conception of the accelerator alone can be seen in this figure. The parameters
of our experimental device are given in tab. 1.

S ELECTRODES

Fig. 3. The accelerator scheme.

The accelerated body was made of alcamid, which is only slightly eroded in
the discharge. The mass of the body was 4.95 g and its cross section area was

18 x 18 mm. The wire for the initial explosion was a part of the accelerated
body.
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5. CONCLUSION

In contradistinction to the case of plasma alone, the solid body is in the
accelerator for several periods of the discharge current, though the moon_nq.mmzm
force has its maximum at the firs half-period of the discharge current
(£; = 500 N),

In our device the fina] velocity of the solid body 206 ms~! was reached. The
efficiency of the process can be increased by means of an inductance serial in the
outer circuit, which must be magnetically connected with the accelerator. It jg
Supposed that with g similar experimental device for the initial parameters
Uy=3x 10V, G =10"F and My =5 x 107" kg velocities about § kms~!
could be reached.
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YCKOPEHUE TBEPALIX TEJ B NJIABMEHHBIX YCKOPUTEJASAX
15.:700%10::0—10 THIIA

B pabote o06cywnaercy YCKOpeHUe TBepabIX Ten MAA3IMEHHBIX YCKOPHTENAX PEJIbCOTPOHHOrO
THIA IpH aTMocdeprom Aasnewun. Pacemorpeno BO3AEHCTBUE 31eKTpoAHHAMUYECKOH CHITBL U
CHIbI NaBieHus ot B3pbiBa npoBonokw, BO36yxnaroweit paspsan. lposeneno cpasuenne Teo-
PETHYECKHX pesynbTaTop ¢ IKCMEPHMEHTATLHBIMY,
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