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ONE-DIMENSIONAL FLOWS AND ISOMAGNETIC SHOCK WAVES
IN A MAGNETIZED CONDUCTING MEDIUM

G, A, Shaposhnikova ' . UDC 538.4

§l. Consider the one~dimensional flow of an ideally conducting gas containing no space charge, which
moves in a current tube in an electromagnetic field; the gas is inviscid and of zero thermal conductivity, For
simplieity, we assume that the electric field E and magnetic field H are mutually perpendicular and lie in a
plane perpendicular to the direction of motion. The equations for the flow take the following form [1, 2}

" vpu = m == const; (1.1)
‘ H

du , dp A, 1 ap . 1 pdH.

puﬁ+d—x=~;zB—-:;;;,V(u——o(gf;)”)lidﬂv B 1.2)
y \
‘ CH
ar ., L ey o — Ei- 1.3
pu (CP & T d:c)+ pu d;c[ls:rp §(T(ar )‘,,,H p(ap )T,H) HdH]—E]’ (*.3)
vodH/dz = uB —cE, p = RpTl, B = uH, | = o(E — uBlc), (1,4)
dE/dz = 0,

where the symbols are those commonly employed, with 1, = ct Arg the magnetic viscosity; the magnetic sus
ceptibility is defined by Langevin's formula [3]:

w =1+ (dnmyo/MH)(cthy — 1/9), ¢ = muyH/kT, {1.5)

where my and M are the magnetic moment and mass of one molecule of the perfect gas, Then (1.5) gives
(1.2) and (1.3) the form

pudu'dx + dpldr = (1'c)o(E — uB/c)B + (1/4n)(u — 1) HdH/dz; (1.6}
pu{c,dT/dxr + udu/de) — pu{d/dr) (AT /M){gethyp —1)] =0o(E — uB/c)E. 1.7y

The method of [4] gives us expressions for the changes in speed and Mach number M along the current tube in
terms of the flow parameters from (1.1}, {1.4), (1.7), and the first two equations in (1.6):

Moscow, Translated from Zhurnal Prikladnoi Mekhaniki i Tekhnicheskoi Fiziki, No, 4, pp. 117-121,
July-August, 1976, Original article submitted July 22, 1875,

This material is protected by copyright registered in the name of Plenum Publishing Corporation, 227 West 17th Street, New York, N.-Y. 10011. No p'arz
of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, -mechamcal, photocopying,
microfilming, recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $7.50.

550



dulde = —(cH22/p)(u — uy)(u — ug)/(M> —1); 1.8)
aM/dr = —(cH?p*/c*p)l(1 + (v — OM*/2) ay(M? — )] (& — ug)(u — uy), (1.9)
where

up = [(y —O/IH{L 4+ Wy — DI —9¥/sh*y ]}t (1 — dnpumg/uWMcE);

-

2= {yMF A L+ Iy — DY IM? —1)(1 —9*/sh*p)}/(2 + (v — DM?);
us = cE/uH.

&

The following inequalities apply for a medium with magnetic susceptibility, as in magnetohydrodynamics:

Uy < uy <uzfor M< 1 and wy < uy < ugfor M> 1, The behavior of the integral curves from (1.8) and (1.9) in
the Mu plane indicates that a supersonic flow can go over to a subsonic one and vice versa in such a medium
at the points u = u; and u = uy, with the supersonic—subsonic transition occurring at the maximum magnetic
field in the current tube,

§2. Equations (1.2) and (1.3) with the last equation in (1.4) can be integrated to give

H
Pt LO\ (=0 (G 2 = T (2.1)

B
P (i” T 7”%(§ (T (Z-HM P (%)TH\) HaH + 9 — &; 2.2)
ip = (p/pYyi(y — 1), (¢/4m)E = E,. _ 2.3)

The constants (m, I, &, and Ej) are defined by specifying the fluxes of mass, momentum, energy, and electric
field in a certain cross section, which can be taken as the initial one, Then (2.1) with (1.5) takes the form

p =1 —H¥8x — mu. (2.4)

From (2.2), (2.4), (1.5), and the first equation in (2.3) we get the relation between the velocity and the magnetic
field:

W — 2y/(y - DI — H¥8n)u + 2(y—1)/(y +)m](I — H*/8a — _
—mu)(gethy —1) + [2(y —1)/(v + DU E—EH) =0, (2.5)
Y = myH/ET = mgmH'[Mu(I — H*8x —mH)].

The points corresponding to different values of x lie on the curve of (2.5) in the uH plane; the shape of this
curve varies with the values for the constants, If myH <« kT (1.5) becomes p =1 + 47rmhp/3kTM, and when
this expression is substituted into (2.5) and higher-order small quantities are deleted we get

1 — 127°(y + DI — B28n)u + 20y — 1)im(y + 1)1 (& — EoH) = 0. (2.6)

This equation coincides with the corresponding equation in magnetohydrodynamics, namely, (1.9) of [5];if mgH >»
kT, the permeability is u =1 + 4rmyp/HM, and (2.5) becomes

wt — [29/(y + DI — BY8nu + 12(y — D)im(y + 1)1 [ — H(E, —mgm/M)] = 0. (2.7

This coincides with (1.9) of {3] if E, is replaced by E; — mym/M in the latter; comparison of (2,5) with (2.6) and
(2.7) on the basis of the inequality 0 < coth;b —1/y < 1 gives us that tl.: curve represented by (2.5) in the uH
plane, which is of interest only in the region p > 0, lies between the curves of (2.6) and (2.7). Further, the curve
of (2.5) intersects straight lines parallel to the axes at not more than two points. Consequently, the curve of
{2.5) has the form shown in Fig, 1 if Ej is not too large [lines I-III correspond to equations (2,5)-(2.7)],

We integrate the first equation in (1.4) to get the radiation between the magnetic field and the coordinates:

2=\ v w(H)Yn (H)H — 4aE)"'dH ~ const.
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Fig. 1

The sections of the flow at which there is no current (dH/dx = 0) correspond to points on the uHu = 4 7E,; curve;
the latter equation may be used with (1.5) to give

[ + (dnmpHuHY(cthy — 1/¢) | Hu. = 4nk,. (2.8)
The curve described by (2.8) lies between the hyperbolas
uH = 4nE;, uH = 4n(Ey, — mgm/M) 2.9)

that correspond to the-cases mpyH « kT and mpH > kT; straight lines parallel to the axes intersect the
curve of (2.8) at not more than one point each, Flgure 1 shows the lines IV-VI corresponding to (2.8) and (2.9),
with A and B denoting the points of intersection of curves I and IV, while C and D correspond to the points on
curve I at which du /dH = «.

If the points corresponding to the values of u and H at some specified section of the current tube lie on
line I above curve IV in the uH plane, then the magnetic field increases with x; if, on the other hand, this point
lies below curve IV, the field decreases as x increases. The arrows in Fig, 1 indicate the direction of motion
along the flow, From (1.8) andthe first equation of (1.4) we get

di/dH = —H(u — wy)/anp(M? — 1). (2.10)

We see from this that point C corresponds to the point at which the flow speed is equal to the speed of sound;

it is clear that the disposition of the curves shown in Fig, 1 makes it impossible for there to be a continuous
transition through the speed of sound (M = 1) on moving along the flow for given m, I, &, E;, no matter what

the initial values; a continuous transition through the speed of sound is possible only if points C and B coincide,
which corresponds to obedience to the conditions u = u; and M =1, simultaneously.

§3. Iftheparameters at some section of the tube are such that the flow cannot pass continuously through
this section, then in certain cases we get flows containing shock waves in which the magnetic field is continuous,
H = constant,

An example of such a flow is represented bsr the bold line KLMN, The parts KL and MN correspond to the
continuous flow, while part .M corresponds to an isomagnetic step.. The relatlonshlps at such steps take the
form

{p + m*p} =0; (3.1)
{io + v*/2 — p(pethp —1)} =0. (3.2)

These equations coincide with those for shock waves in gasdynamics for mHH <« kT,

If mHH > kT, (3.2) may be put as

i, - 432 — mgHpo /M = ig + ui/2 — mgHpy /M. (3.3)

to2
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It follows from (3.1) and (3.3) that the adiabatic equation for an isomagnetic step takes the following form in
the pV plane (V is specific volume}:

P2 =PV — Vol (0Vy — Vi) —2muH(Vy — V/MViVe (Ve — Vi), n = (v + D/ — 1), (3.4)

The mass flux through the surface of discontinuity is given by the following formula, as in gasdynamics:

m? = (p; —p)/ (Ve — Va)-

It follows from (3.4) that the adiabatic curve in that case passes through the point p,V, and has the same asymp-
totes as does the Hugoniot adiabatic and lies above the latter for Vy < Vy, but below it for vV, > V4,

The author is debted to V., V. Gogosov for direction in this work.
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CURRENT AND ENERGY AMPLIFICATION IN A PLANAR CUMULATIVE
MAGNETIC GENERATOR WITH FLUX DIFFUSION

E. I, Bichenkov UDC 5384

§1. Magnetic-field compressionin a conducting space (magnetic cumulation) increases the current and the
magnetic-field energy; two cases are of interest here: 1) given an initial current I and a load inductance L,
select an initial circuit inductance Ly such as to give the largest final current I; and 2) given the initial nergy
U, and load L, select Ly such as to obtain the largest energy U at the end,

Generators of the first type are used to produce very strong magnetic fields and may be called field
generators; those of the second type are similarly called energy generators. The two types differ substantially
in initial conditions: the initial current is preset in a field generator, and the energy is Uy ~ Ly, while in an
energy generator the initial energy is preset, and Iy ~ L;'/% A field generator may be characterized via the
current amplification factor

i = IlTy = (LJ/L)LI/Ly, = A, 1.1y

where X = Ly/L represents the circuit change, and ¢ = LI/L,l, is the proportion of the magnetic flux retained
in the generator, An energy generator may be characterized by the energy amplification factor

&= LI/LI} = hg?. {1.2)

§2. Thequantity ¢ is a major characteristic of such a generator, as it is dependent on the design, and
‘particularly on the conductivity o of the material and the field-compression time. Also, the leakage of the flux
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