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The equations of magneto-hydromechanics for an ideal medium (i.e. a
medium which is free from losses due to Joule heating, viscosity and heat
conduction) can be written (see, for example, Ref. [1]) in the form:

. d /H
divH =0, [ E<F)=(HV)V
d dv 1
S div(ev) =0, e S+ VP =7 (HV)H ()
ds H?
d—t=0’ P*=P+"8;

Here p is the pressure, p the density, s the entropy per unit mass,
v the vector velocity of particles of the gas, H the vector intensity of
the magnetic field, d/dt the derivative with respect to time, following
8 glven particle,

The system of equations (1) has to be supplemented with the equation
of state of the medium, which we shall write as:
p=1(p, 9) @

In what follows we shall consider the class of motions which satisfy
the following conditions:

HY)H =0, HV)v =0 3

The physical conditions (3) mean that the vectors B and v do not
change along lines of magnetic force.

Important cases of this class of motions are the plane and axisym-
metric flows (in the general case, unsteady) where the vectors of velo-
city and magnetic field intensity are perpendicular. Let us note that
one~dimensional unsteady flow, which is also a particular case of the
c¢lass of motions considered here, was studied in the paper [21.

On taking into account the conditions (3), the equations of motion
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assume the form:

dp ) dv ds
2: +div(ev) =0, e +Vpr=96, a =0

p*=1(p, 8)+K%?, H=2V2r k.p (4)

where k is a vector function which is constant along the trajectory lines
of the flow.

Let us consider the change in the circulation of the velocity vector
I' = ¢vde around fluid contours (i.e. contours moving with the gas strean
for the class of motions satisfying the equations (4),

dar d dv
= P vde’ = § 7z % )

Substituting in equation (5) the value of the acceleration dv/dt from
the second equation of system (4) and applying Stokes’ theorem, we have:
dr __ ¢t [Ve-Vp*
=\ el g ®
(8 is a surface "stretched” across the contour under consideration),
Introducing the expression for p* given in (4), we obtain:

T SSS (& e - va+mivevinas  (o=5) ™

Accordingly, if the flow of the class under consideration is isen-
tropic and the quantity %k is uniform in space, then the circulation
around fluid contours has the property that it is conserved. The property
so obtained is analogous with Thomson’s theorem for the motions under
consideration. It follows from the demonstration of this property that
there exist irrotational flows in the class under consideration.

The second equation of system (4) can be transformed into the follow-
ing:

2 2 1
a_‘t'.*_vgz—-{-?Vp*—[vrotv]:O (8)

Projecting the vector equation (8) upon the direction of the velocity

vector v, we have:
ov d [ v\ 1dp*
(a)ﬁd—;(‘z‘*ﬁz"gg =0 )

Moreover, assuming that the motion is steady and integrating equa-
tion (9), whilst bearing in mind the relations (4), we obtain an analog
of Bernoulli’s equation for the motions under consideration:

v?

dp. H? _ -
5 _{_S ? + 4;9- = const = w (10)

The integral (10) holds good along streamlines, but in the case of
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isentropic flow and if the gquantity k is constant it holds for the whole
of space {i.e. in the latter case @ is a universal constant. for the
entire flow).

Considering now a motion which is unsteady and irrotational and inte-
grating equation (9), we obtain the following analog of Lagrange’'s equation:

do o  [dp , H' _

where @, is a universal function of time t for a given flow, and ¢ is the
velocity potential.

The majority of known methods in ordinary hydromechanies (as, for
example, the method of characteristics, the method of linearized flows,
and so on) can be carried over without difficulty to the case under con-
gideration,

Motions analogous to Prandtl-Meyer flows and Busemann’s conical flows
can also be easily obtained as members of the class under consideration,
In the isentropic case, if the quantity %k is constant throughout the flow,
the motions under consideration reduce to isentropic gas dynamics, in which
the role of the pressure is assumed by the quantity p*, and the medium is
changed so that the adiabat is expressed according to the formula

p*=1{p, o)+ ¥%* (12)

In conclusion, we note that these same key simplifications for problems
of magneto-hydromechanics can be obtained in the case of motion of a
viscous heat-conducting gas, if the conditions (3) are again satisfied.

BIBLIOGRAPHY

i, Landsu, L. and Lifshits, E., Elektrodinasika sploshnykh sred
{Electrodynamics of Continuous Media). 1957,

2. Kaplan, S,A, and Staniukovich, K,P,, Reshenie uravrenii magnitogazo-
dinamiki dlia odnomernogo techenia (Solution of the equations of
magneto-gasdynamics for one-dimensional flow). Dokl. Akad. Nauk
SSSR Vol. 16, No, 4, 1954,

Translated by AH A,



