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Lyubimov, G.A, S0V/55-58-5-6/34

On the Influence of Viscosity aad Thermal Conductivity on the
Gas Flow Behind a Strongly Curved Shock Wave (0 vliiyanii vyaz-
koati 1 teploprovodnosti na techeniye gaza 2z sil'no iskriv-
lennoy udarnoy volnoy)

Vestnik Moskovskogo universiteta,Seriy natematiki, mekbaniki,
estronomii, fiziki, khimii, *958,Nr 5, pp 53 - 5b {USSR)

In [hef L] L.I. Sedov and others gave formulas for the re-
lations of the braking temperatures and pressures in front of
and behind a curved shock wave under consideration of via-
cosity and heat conduction of the gas, whereby plane and axial-
symmetric waves were considered. The author generalizes these
results to shock weves of arbitrary form.

There are 2 figures, and 1 Soviet reference.

Kafedra gidromekhaniki (Chair of Hydromechanics)
May 28, 1958
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Lyubimov, G. A. gov/ 55-58-6-3/31

it LR OIS

e
On the Compression of a Gas Cylinder by Means of Current (0O
szhatii gazovogo tsilindra tokom)

Vestnik Moskovskogo universiteta. Seriya matematiki, mekhaniki,
astronomii, fiziki, khimii, 1958, ¥r 6, pp 13 - 17 (USSR)

In the present paper the soluiion of the problem mentioned in
the title is carried out. In this investigation - in contrast
to other papers {(Refs 1,2) - <he shock wave which forms due to
a magnetic field is taken intc account. This magnetic field
forma due to the feeding of the g:=a sylinder with eleztric :u
rent. The solution is obtainel 1 ..e¢ iir: 5f a series, dovael-
oped according to low powers LEE& . 1. 3.is c.rrcetion £ de-
notes the ratio of the gas density t:fc_a and hehind the shock
wave. For the solution first 2%? ayst:t & equatione 110

2 i
é_r_zu_rQ.L,?Ez_L,_@_(p._Lj.z
3t 9m ' 8m ~ @r’ 3t
tance of the particles from the exis .7 the ¢ ilader, § Jvn =
ity, p - pressure) for the rne-"i-~ .~ vicrgal unnisturbed moisun

.

of an ideal gas with a congtant thormal 2apacity r after the

TN
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Current

introduction of the Lagrange variable n (dmn9$(ﬁ)RdR R= dis-

tance of the particles from the cylinder axis at the tiza t-D

and Q(R) - the initial distribution of densit )« The ahock
91 T

wave is taken into account by the following conditions:g ?p?ef,

o 0, %2 o 1 2. 4%2 o o 2
p=p1+(1-£)?1r , i-i1=§(1-£ 127 (2) where Q41 Py» i, denoo.

the density, pressure and heat volume of the gas before the
ghock wave and ¢, p, i the same behind the shouck wave. 2¥ do-
notes the velocity of propagation of the gshock wave. For the
solution of the system of equations {1) the following series
are set up in powers of £ and inserted into (1) =j5/t+914.,.q

p=po+Ep1+...., r=r°+£r Feoenn y« Moreover, these expangions 1.u-

to series (3) and rx=r§+£rt+. ..... are introduced in the con-

ditiong for the shock wave (2). The series rc-r°c+Er1c+.,. (c =

cylinder) is set up for the motion of the external boundary of
the cylinder and the pressure conditions are obtained (8). By
means of the energy integral ejquation for the mentioned prob-
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On the Compression of a Gas Cylinder by Means S0V/55-58-6-3/31
of Current

lem with the mentioned conditions, equations for the determination
ro(t) and roe(t) (9) and (11) and for r¢(t) (10) may be

obtained by an expansion into a series according to powers of £ .
Further, & comparison is made of the results with those from refer-
ence 2. An agreement was found between the results of the compres-
sion periods of the cylinder and also with the experimental results.
The method described here permits also the computation of all para-
meters of motion behind the shock wave, The numerlcal computations
were cerried cut by means of an elentronis digltal sompuier. Thare
are 1 figure and L4 Soviet referenses.

ASSOCIATION: Kafedre gidromekhaniki (Chair of Hydromechenies)

SUBMITTED: June 25, 1958
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S0V/179-59-1-32/36

AUTHOs: Lyubimov, G. A. (Moscow)

TITLE: Flow of Non-ideal Gas with a Great Supersonic Speed Around
a Body (Obtekaniye tel potokom neideal'nogo gaza s bol'shimi
sverkhzvukovymi skorostyami)

PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh
nauk, Mekhanika 1 mashinostroyeniye, 1959, Nr 1, pp 173-176
(USSR)

ABSTRACT: A method is described in Ref.l which is applied in this
work to the case of supersonic flow round either a rotating
body or a flat contour with an arbitrary relationship of
pressure and temperature, The fundamental equations and
their solutions are based on a system of coordinates as shown
in Fig.l. When the function of the current ¢ 1sdenoted as:

d¢ = pur{’ "ldy - pvrv _l<l + —%—) dx

then the equation of motion of gas in the system of coordinates
Card 1/5
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Flow of Non-ideal Gas with a Great Supersonic Speed Around a Body

x, ¢ will take the form of Eqs.(l) where u and VvV -
components of velocity along x and y 3 P, , 8 -
pressure, densify, entropy of gas, R - radius of the con-
tour of flow, VY - 1, 2 for a flat or rotating body res-
vectively, T - distance from the axis of symmetry, o -
angle between the tangent to the contour of the body and
the direction of incoming flow. The solutions of the above
equations in respegt to thg main shock wave are based on
Eqs.(2), where Py » P1 > U - parameters of gas in

the incoming flow, 1 - heat content, y*kx) - surface
equation of the shock wave, B - angle between tangent to
the surface of the shock wave and the direction of incom-
ing flow, € - ratio of densities in flow and behind the
shock wave which in the case of a curved wave becomes a
function x . Generally, the solution of Eg.(l) can be
obtained when Gthe series:

= 0
p = po + spl +..., 4w —-uO + Eul tovey P = QE— w ?l+""

= RSP = £ oo
v SVO | J yo 3
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Flow of Non-ideal Gas with a sreat - Supersonic Speed Around a Body

As an example, the problem of airflow around a cone is con-
sidered., In this case the flow of the shock wave is taken
as linear and €& = const O= 2) . The solutions of Eqs.(3)
and the limiting conditions of Eqs.(4) will take the form
of the expressions to the left of Fig.4, p 175. The Figs.?2
to 4 illustrate the results of the calculation when a = 25,

Tlo = 220, plo - 0.1 atm. The values of € and T  are
determined from:

p1°

. 2
& P(ToPo ) (T

. o} .
o D)~ 1(Tlo, p; ) =:%U 81n2a(l + €)
(g(T, p) and i(T, p) are taken from tables in Refs.4 and 6 .
The points in the figures marked with crosses denote the
values when the characteristics of air at higher temperatures
were considered, Fig.2 shows the relation of the density of
the shock wave to the number M of the incoming flow, When
M = 20 the temperature behind the shock wave rises to BOOOOC,
causing the dissociation of the air; the density of the shock
wave increases more rapidly in comparison with that at lower
Card 4/5 temperatures. Fig.3 gives the relation of the angle of the
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Flow of Non-ideal Gas with a Great - Sipersonic Speed Around a Body

shock wave B to the number M ., PFig.4 gives the value of
the coefficient of resistance as caleunlated from the formula
at the bottom of p 175 (black dots represent the values taken
from Ref.5). All the results were calculated from the theo-
retical formula and show a 1 to 1.5% accuracy in comparison
with the same results obtained in the Laboratory of Physics
of Fire in the Institute of Power, Academy of Sciences U33R,
imeni G. M. Krzhizhanovskiy. There are 4 figures and 6
references, of which 2 are Soviet and 4 are English.

SUBMITTED: April 7, 1958,

Card 5/5
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¥nlikovskiy, 4. G., Lyubimov, G. A. SOV/179-59-4-16/40
(Moscow) ——

On the Possible Kinds of Crack With a Conductivity Jump

Izvestiya Akademii nauk S33R. Otdeleniye tekhnicheskikh nauk.
Mekhanika i mashinostroyeniye, 1959, Hr 4, pp 130-131 (USSR)

If in a flow of gas there is & surface with a jump-like change
of its p.rameters, the mass-, momentum- and energy-consgervation
laws must be observed in the passing through this surface.,
Under certain assumptions made here, these laws are indicated

in the form of formulas (1) (Bef 1). At given parameters of

the approaching flow as well es of the electromagnetic field

in front of the discontinuity surface, the formulas (1)
determine the flow~ and field parameters behind the discontinu-
ity. It is shown that the presencé of a single steady surface
at giveu parameters of the epproaching flow does not yet make
it possible to solve only an unsteady problem with cracks of
similar kind (e. g. the problem of the motion of a flat pistonl
The structure of the discontinuity surface with a conductivity
jump is investigated. The procedure is similar to that described
in the papers (Refs 2,3). The curve ABC shown in the figure is
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obtained. It expresses the connection between the volume v
and the magnetic field strength H. It is shown that - if the
structure of the discontinuity surface is investigated at
6= 6(T), the conductivity 6beirg emal tozerq, for T-values
smaller then a certain T - there is only one point on the
ABC-curve which depends on T*and the initial values of the
parameters, and from which the motion can be continued until
o5 ., This points to a certain connection between H1 and Hz,

which is not a consequence of the conservation laws, formula {1).
This additional relationship, together with the conservation
laws in unsteady problems, determines the intensity of the
electromagnetic wave emitted, and makes the solution of such
problems a unique one. There are 1 figure and 3 Soviet
references.

SUBMITTED: FPebruary 19, 1959

Card 2/2
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. 67585
24,2720 , SUV/179-59-5-3/41
AUTHOR : Lyubimov, G.A. (Moscow)
————
TITLE: Investigation of Stationary Surfaces of Discontinuity with
a Conductivity Step of a Gas in an Electromagnetic Field ?\

PERIODICAL:Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh
nauk, Mekhanika i mashinostroyeniye, 1959%. Nr 5.
pp 9-15 (USSR) Al

ABSTRACT: Surfaces of discontinuity in ordinary _gas dynamics are
well known, including their structure and stability.
In magnetic gas dynamics surfaces of discontinuity have
been studied in an infinitely conducting medium
(eg Syrovatskiy, S.I. "On the Stability of Shock Waves 1n
Magneto-Hydrodynamics"\ Zh ETF, 1958, Nr 6). The present
work considers stationary surfaces of discontinuity wherein,
apart from the thermodynamic quantities of flow and
velocity, the conductivity of the gas also suffers a
discontinuity. First, the z2ffect of an electromagnetic
field on discontinuities is considered generally and it is
found that surfaces of discontinuity may appear 1n
addition to those arising from ordinary gas dynamic laws.
For example, a discontinuity combining a pressure rise and
a drop in density is possible. The specific effect of

Card 1/73% changes in conductivity 1s then analysed. 1t :s COHCLUdede//
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S0V/179-59-5-3/41
lnvestigation of Stationary Surfaces of Discontinuity with a
Conductivity St:p of a Gas in an Electromagnetic Field

that not all surfaces of discontinuity which satisfy

the laws of conservation can be considered as the

limits of continuous flows with varying conductivity.

Surfaces of discontinuity with a conductivity step which

can be considered as limits of continuous flows are either

density increases with a rise in the magnetic field or

density reductions with a diminishing magnetic field.

Taking into account the viscosity and heat conductivity

of the gas, shows that stationary flows are only possible

at certain initial values of the parameters. Thus, in

the flow of an ideal zas containing a surface of

discontinuity with a conductivity step, an electromagnetic

wave will propagate ahead of the step which changes the

initial parameters of the field. Finally, discontinuity

surfaces with a conductivity step are considered on

whose fronts energy is released. In the ordinary gas

dynamics it is not possible to achieve detonation

conditions wherein the velocity of the gas behind the

detonation wave is larger than the velocity of sound unless
Card 2/3 energy is absorbed at the detonation front. 1f, however,
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SOV/179-39-5-3/41

Investigation of Stationary Surfaces of Discontinuity with a
Conductivity Step of a Gas in an Electromagnetic Field

SUBMITTED:

Card 3/3

APPROVED FOR RELEASE: 08/31/2001

the detonation proceeds in an e¢lectromagnetic field and
the conductivity of the medium has a step at the
detonation wave front, such conditions are possible at
certain values of the initial parameters. Examples of
such detonation waves were given by the author's

earlier work ("Effect of Electromagnetic Fields on the
Conditions of Detonation", DAN SSSR, 1959, Vol 126, Nr 3).
There are 8 figures and 8 Soviet references,

March 13, 1959 Lf/
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KULIKOVSKIY, A.G.: LYUBIMOV, G.A.

In connection with V.A.Balokon's article "Permnant structure
of shock waves with Jouls dissipation.” Zhur.eksp.i tenr,fiz,
37 no.4:1173-1174 0 ‘59, (MIRa 13:5)

(Shock wavea) (Belokon, V.A.)
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Lyubimov, G. A. SOV/20-126-2-18,/64

A Shock Wave With a Discortinuity of tine Conduectivity of %as ir
an Electromagnetic Field {Udarays volna so gkachlom nrovadimasii
gaza v elektromagnitnom pole)

Doklady Akademii nauk S3SR, 1999, 7ol 126, Kr 2, »p 297 -2%4 (7037)
4 gas current passing through a streonyg shock mave s nastal i s
such temperatures at which the pas is dicsociated x.d ionius .
Under these conditions and in =he predse.ce of ar exiertol
electromagnetic field, the gas current bahind the shocl weve wusl
on no account be assumed ‘o be non-conductive. Therefeorz, it is

elso of interest to irvestigate a2 shock wave with # discontiiuizy

of gas conductivity on the front of this wave. Tho wihior hele
investigates a steady shock wae ayainst which tie susrern 2D s
nonconductive gas (conductivit:r &4 33 flowvs., herl. d e 3uues anve
the conductivity of the gas i3 assumed to be inTiritely great (62=°O,\.

On the basis of these assumptions the rela*ions cn the shock wove
(law of conservation for mass, momentum, energy, ard for tie
tangential component of tre electric field have the forx
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A Shock Wave With a Discontinuity of the Condustivity of SOV/20-126-2-18/64
Gas in an Electromagnetic Field

2 2 2

Prvg=fvoi Bq+% 4'%1‘7'“?1 > 92*5’2"2*'8‘747’ Hos

ve v

i) B ey (o1, S, EEE - v
Py (g tig)= BBy = Qo (g +iy)- eBH,s EgEy® - 2 H,
Here i denotes the heat content of the unit of mass of the gas,
o - the velocity of light, and the remaining denotations are
generally lmown. The given shock wave may also be determined as
the limiting case of a certain constant steady solution of the
equations of magnetic hydrodynamics with variable corductivit, (i€
magnetic field strength ircreasss during passage through the soock
wave). If there is no electric field in front of the shock wave,
the magnetic field also does not peretrate into the copsir veri g
the ehock wave. In this case a currert cf the dersitiy lﬁ%‘f? 52,1]

flows on the surface of the shock wave, Irn the case Bgs u{va/o)ﬁ4k
(where ksv,‘/svz holds in the crdirary zes dyramicz shock wnve #itha

the same parameters of the orc.ming flow), it follows that Hy

Card 2/4 i. e. there is no discontinuity of ihe masmetic fielc in such :
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A Shock Wave With a Discontinuity of the Conductivity of SOV/20-126-2-18/54
Gas in an Electromagnetic Field

wave, and the other quantities vary in the same manner es in en
ordinary shock wave. The Hugoniot adiabatic of the shock wave
under investigation has the equation

¢ Py +P4 1,22 % Y .

2"?414’ T-(VQ-V’I )~ WHZ-H1)(V2-V )= 5.V (1.4 ~H2) =0

where £ denotes the internal energy of the unit of mass of the gas
and V ~ the specific volume. With H,‘=H this adiabatic goes over

into the ordinary Hugonlog -adiabatic, and with E4-O it kas the f.rm

E— 84 ———i-(Vz-‘l‘ Y4 ?#V,‘#J )=0. Small disturbances with an

infimte di scontimity of conductivity are impossible. XNot only
expansion discotdmities,but also compressiorn disconticuities witn
a slight increase of pressure are forbidden. In the case of the
permitted compression discontinuities higher degrees of compression
are possible than in ordinary shock waves. With increasing pressure
density behind these discontinuities decreases. As an example, the
author investigates the steady flow of a gas current round plane
Card 3/4 contours, which tekes place with supersonic velocity ir an external
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& Shock Wave With a Discontinuity of the Conductivity of SOV/20-126-2-18/64
Gas in an Electromagnetic Field

electromagnetic field. In this case the conductivity of the gas
behind the frontal shock wave becomes high et a very high velocity
of the oncoming current, and within this range the equations of
magnetic hydrodynamics must be applied. The problem of steadiness
is not investigated., There are 2 figures.

ASSOCTATION: Moskovskiy gosudarstvennyy universitet im. M. V. Lomonosova
(Moscow State University imeni M, V. Lomonosov)

PRESENTED: February 11, 1959 by L. I. Sedov, Acedemiclan

SUBMITTED: Pebruary 5, 1959
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Lyubimov, G. A. SOV /20-126-3-20/69

The Influence of an Electromagnetic Field on the Development
of a Detonation (Viiyaniye elektromagnitnogo polya na rezhim
detonatsii)

Doklady Akademii nauk SSSR, 1959, Vol 126, ¥r %,
pp 532-533 (USSR)

When solving the problem of the propagation of detonation

waves of gases in electromagnetic fields, the fact must be
taken into account that after the passage of the detonation
wave the gas becomes electricaily conductive. In the introduction
to the present paper a steady detonation wave is investigated,
and it is assumed that before the detonation wave the
conductivity of the gas 1is equal to zero, and behind it, it is
infinitely great. By basing on these assumptions, the conditions
prevailing in the detonation wave are described by the system
of equations (1), and for the adiabatic the equation (2) is
given. In the first part of the paper a ateady detonation

wave without a field is firgt dealt with, and it is showr

that in this case the aforementioned formula for the adiabatic
goes over into that of the ordinary adiabatic. Next, the

CIA-RDP86-00513R001031210008-5"
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The Influence of an Electromagnetic Field on the 30V/20-126-3-20/69
Development of a Detonation

2 3SO0CIATION:

PRESENTED:

SUBMITTED:
Card 2/2

process in the case of the existence of a field is investigated,
and a formula is given for the propagation rate of minor
disturbances hehind the wave, from which it follows that their
propagation rate behind the wave is higher, so that a decrease
of density and pressure takes place. In the second part a
cylindrical detonation wave propagating in a medium of constant

3 1 —
density is investigated, and E1 = - ;-[ﬁ H1] is assumed to

hold. The system of equations (3) then describes the motion;
as is shown by an analysis of t-is 3yatem, a decrease of
pressure and density oc-urs, =al it is impossible in ordinary
cases to bring about this sort of detonation without loss of
energy. There are 2 Sovist refe-ences.

Hoskovskiy gosudarstvennyy universitet im. M. V. Lomonosova
(Moscow State University imeni I{. V. Lomonosov)

February 11, 1959, by L. I. Sedov, Academician

February 5, 1959
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Lyubimov, G. A.

The Steady FIow Roind a Corner of the Current of an Infinil Ly
Conductive Gas (Statsionarnoye obtekaniye ugla potokom bLsko-
nechno provodyashchego gaza)

Doklady Akademii nauk SSSR, 1959, Vol 126, Nr 4,
pp 733 - 135 (USSR)

By means of the system of ejuations (1), the system cf e;uations
of magnetic hydrodynamics in the casc of an infinitely great
conductivity of the medium is represented im polar cocrdinates,
and in the first part, the solutions of (1) arc given fcr a
progressive stream and a rotational wave according to Prandtl-
Mayer. For the flow round an infinitely conductive angle there
are solutions which depend only on the coordinate p; the ex-
ternal magnetic field must be parallel to the surface of the
angle. These solutions are developed and written cown with the
gystem of eguations (6). For determination of the fanction
%(y) the ordinary differential equation (7) is integrated and
hen Q(9) is sudstituted into (6). Finally, the flow round of a
non-conductive angle is dealt with. For the solution of this
problem, the general system of equ.tions (1) must be calculated
and with equiation (8) the integral of this system is written

CIA-RDP86-00513R001031210008-5"
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Infinitely Conductive Gas

down. The results obtained show that, if an irfisitely zcon-
ductive gas flows round an angle, the velocity v is ejual
to the velccity of sound, similar to =hat is the Z2ase in orii-
nary gas dynamics .Therc are 1 figure and 2 Soviet refercn.esn,

Moskovskly gosudarstvennyy universitet im. M. V. Lonioncsaova
(Moscow State Jjniversity iwmeni M. V. Lomonosov)
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Kulikovskiy, A. G.y Lyubimovy-Ge Ao SOV/20-129-3-14/70

TITLL The Simplest Probleme Concerning a Gas-ionizing Shock Wave in
an Electromagnetic Field

PERIODICAL: Doklady Akademii nauk SSSR, 1959, Vol 129, Nr 3, pp 525-528 (USSR)

ABSTRACT : 1f the conductivity of the gas bafore the shock wave vanishes
and is finite behind the shock wave, the theorems of

. 2 2
conservation Tead: 4Vq = §pVpr P1 ¥ 0477 * (1/8)Ey =

v
2 2 1 .
=D, * Q¥p ¥ (1/8m)E,, 91v1(7?.+ 11) + (c/4™)E4H, =

2
v

v
- 92v2(3§-+ i2) + (c/4m)E2H2, ELi = E2 = ?fﬁz. The electric
and the magnetic field strength are, for the purpose of
simplifying natters, assumed to be parallel to the wave
front eand perpendicular to eacn other. The shock waves
jonizing a gas may be considered to be the limit of a

ecertain continuous motion of e viscous heat-conducting gas,
cara 1/3 the conductivity € of which is considered to be a known L#///

APP :
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The Simplest Problems Concerning 2 Gas-ionizing SOV/20-129-§—14/70
Shock Wave in an Flectromagnetic Field

function of the temperature p (1< 1%, 6> 0 at 7> 7¥). This
as well as other facts mentioned here indicate the following:
The solution of protlems concerning ionizing shock waves will
differ from the solutions of the corresponding problems in
gasdynamnics and magnetogasdynamics. This difference exists not
only in the electromagnetic wave, put also in the variation
of the gas—dynamical parameters of the motion. In ges-
ionizing shock waves cowpreesion is not higher than in gas-
dynanic shock waves and not less than in magnetogasdynamic
shock waves which have the same parameters of the incoming
flow and the same magnetic fielé streng

discontinuity. also the other quantities behind the gas-
jonizing shock wave attain veal-.es #rich are between the
correspanding valiues behind the gas-dynamic shock wave and a
magnetogasdynamic shcok wave. i the first part of the
present paper ' i f a plane piston is
dealt with, In this ¢ agnetic
field increases the velocity o k wave and reduces the
compression in it compared %o the gasdynamic solution at the
game piston velocity. The second part deals with the flow
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L round a wedge. The velocity component which ig tangential with

) respect to the shock wave Temains conserved d'wing passage through the
E shock wave, and the variations of normal velocity and of the

first part, a surface charge must exist on the shock wave.
There are 2 figures and 3 Soviet references.

L PRESENTED: July 14, 1959, by L. I, Sedov, Academician V
' SUBMITTED: July 7, 1959
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AUTHORS Kulikovskiy, A« G.,khw(‘.. 4. (Moscovw)

TITLE: The structure of an inclined nagnetohydrodynamic ghock wave

PERIODICAL: prikladnaya matematika i mekhanike, V- 25, no. 1, 1961,
125-131 .
TEXT: The present paper investigates the flow githin the zone of the shock
ne dissipation of energy in the wave is caused by magnetic
vis he second kinematic viscosity. In the problem of the
gtructure netohydrodynamic shock Wave, tpne solutions of the
equations of the magnetohydrodynamics of a non-perfect gas aTe to be
determined, whose values with x = o satisfy the known la¥s of conserva-
tion. If only the magnetic viscos . econd vigcosity are€ non-
vanishing, the equationsof the ste dim gggg}”flows of a perfect

dH d e 4 \
gas rgad vm-a;-=uH—-vH“+cE, i d: §;Hl___]l '3

puv——f;H,.H::J,, ] (1)'\
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The structure of an inclined..-
oW is plane.

tes, in which the f1
£ the velocity

gnetic field and ©

.electric field,
and y—components of

with the dimension-

em of coordina
components of the ma
E - the z-component of the
c - velocity of lights J1,J2 - the fluxes of the x-

M - the mass flux.

the momentum, g - the energy flux,
2
o n
oB’ 8 4 % Yo

less variables u = uot. v e G p = QY
Vo dh _ p_dt _ Lpt—
Ymdh __ p(r—hat) — 6 -5;;2;—94—14',’1 P
(3)-

ug 4%

They refer to a syst
Hn’ H, u, Vv T3 the

along the X- and y-axis,

1
n (2) one obtains

g — hah =0 Kir Lt SRR A eh =t

___EE-—-- P=_11—- g =
! Pn"n"

e y 2 2
1
rz* h°(1 -3 hn)

+‘l h
of simplicity,
t/dx a C

&-keo

2
e = h°(1-hn). ? a 1+ eo 5 B
8 assumed.
jnts cf th

For reasons

Furthermore,
e isoclinal line 4

Besides, aver
{2 1is agsumed.

ywhere e>0 1

holds.
The real PO

here y
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are on both sides of the hyperbola h = e/(k1 - hi). The maxima and minima
of the igoclinal line are on this hyperbola on such points 1,-where the
disoriminant of hz(kr-hi) - 2eh + (2k—1)12 _ 2kpt + 28 = 0 (6) is equal to
sero. The isoclinal line dt/dx = O has the asymptote T = hi/k. ®¥ith in-
creasing a the roots of (1) = 2a(P-1)[(1-kbi)+k(hi+k-2)1]-(kt—hi)[ﬁ2k—1)12
-2kPT + 2k(P-1)+1-8 change ponotonically. Im the plane of the variables
P-1= %—hi + 8, and hi, there is a curve which separates the domain of

existence of the three roots of the discriminant from that of a gingle
root with 8 = 0 (a= 1) (see Fig-1, curve ABCD). The curve ECF

j1lustrating the equation T = T touches the curve ABCD
To the left of ABCF, the discriminant has three roots with small a, and
with large @ it has one root. For the remaining points of the variable

P-1,hi, the discriminant, with small and large &, has three roots, but

with intermediary values of a, it has one gingle root. GCase a): In the

card 3/7
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case of points lying simultaneously pelow the straight line T, = hg/k and
hi/k s 1, twO roots of the discriminant are greater than hi/k, and one is
smaller than hi/k. Case b): In all other cases with three roots, one root
ig greater than hi/k, and the two others are smaller. These properties

permit the construction of the ijgoclinal line. For points above the

straight line T = hi, the velocity jg greater than Alfvén velocity

8, = Hn/V4ﬂQ°, and for points pelow this gtraight line it is smaller than

Alfvén velocity. states before and behind the shock wave there
correspond the PO i f the isoclinal 1ines (6) and (8).
To the solution © ructure of the shock wave, there
corresponds the integral curve of the Eq. (9)

hz(k1-hi) - 2eh + (2k—1)12 _ 2xPt + de
5 ____ ——— , which connects the singular
2wt[n(t - by) - e)

card 4/7
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points lying in the region 1> 0. With continually decreasing velocity, the
following singular points ax® possible: 1) Nodes, 2) saddle, 3) saddle,
4) nodes, into which the integral curves lead. If the curves (6) '

hz(ktfhi)mZeh+(2k-1)12—2kP1+2a _ o have the shape indicated in Figs.2 and 4,

then all singular points lie on the same branch of the curve (6). 1In -
Figs. 5 and 7/,, QVn ig either amall or 1arge, respectively. In Fig.6, the

single value of /L/Qo\jm, at which the {ntegral curve emerging from point 2
runs into point 3, corresponds to the value of (/'l/Qoym)* . The fast and

the slow waves thus have a gtructure with®an arbitrary ratio of dissipative
coefficients. In four singular points tae structure may also have inter-
mediary shock waves. The transition 2—>3% is possible only in the case of
= = e 3 , the transitions 1—3 and 2—>4 exist and are unique with
Q' Ro’m/
P

Le Ll

?

y and the transition 1—»4 1is pogsible with .Q.—,-—‘T—> /_Jﬁi—-

: i .
o'm Y m \%'m/_
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and may also occur on an infinite number of integral curves.
of the "evolution" shock waves (in the sense of A. I. AkhlyezeT et al.)
differs from the structure of the pon-evolution shock weves by the fact
that only they have a structure at any ratio between the dissipative
coefficients. A. N. Voynov is mentioned. There are 7 figures and

4 references: 2 Soviet-bloc and 3 non-Soviet-bloc.

The structure

SUBMITTED: July 16, 1960
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AUTHOR: L;/ub\i/m_njov, G.A. (Moscow)
S
TITLE: e structure of magneto fluid dynaide chock 'over
in a gas with anisotropic conductivity

PERIODICAL: Prikladnaya matematika i mekhanika, v. 25, no. 2,
1961, 179 - 186

flowing in a miimne-
EAT: For a gas with anisotropic conductivity » . k ‘
Eic fiold wh%ch ruat he wide enourh to nllow for o guvi nl novenent
¢i sleetronn the foldouine will aonly:

W 1 (w = ‘—1'—;) (n)

£ clue-

- Larmor's frequency; T - time hetwcen collisiona of

:?gﬁ: an ions. If Eq. (1) 1é to hold true for the ionization of

" gas, Ohm's law must be satiefied according to T. Rautling (Ttef. 1:
Macnitnaya gidrodinamika, Izd. inostr. 1it., 1959).

A
Card 1/9
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- 1 1 .
og(L + sV I+ 7= grad pe) = j*v (?)

where o - conductivity in the absence of magnetic field; p, -

reus of clectrons; n - nurher of electrons in unit volure; ¢ -
o®ectrona char;c. lience one cen assume hydrodynemic cordit'tors
1t in bie cas. To iinvestiiote the structure of the 8hock itve me
cpgulnes thet 1t occupies a narrow zonc in the curvent Ticl”. Tn
this zone, the paraneters of the current chunce slowly. he the
wuve dics away the current becomes steady. It is assumed tiait in
the core of the wave, only dissipation energy of electric current
ie of any importance. The x-axis is taken at right angles:to the
normal of a wave's surface and the y and 2 lie in the wave's "l:rne.
Then, for the core of the wave (Maxwell's equations being satlis-
fieds the dimensionless condition

' 2 2

= = * = * = #n =
u o= ugur, Vo= ugvh, w..&yow , RT o u*p = p u,"8 (5) VH/

_ SR
Hy = Verg u “h, (1

Card 2/9
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hold here 8 temperature, h; = Tne ¢ imensionless component of
0 S, w - < i

i i Crtepaito. u*, vt, w* - dimensionless
magnetic field intonsl i Un, nle
z%;pgigﬁzg gg ve%ocity [Abstractier's notel Other symbols not
fined ). Before the shock-wave

w o= . -0 (6)

. Simplify-
holds. [Abstractor's note: d = ¢ > JB' nod defined]. Simp y
ing end eliminating gives

ap e B Ve, et ) — (10)
%(’r LAy et oy (hys o b 1. l\},“ ,.) )
__le-__‘:(-; — 1)./1-},_‘.1“, - P 1 oo ye e

i ionlesy rdinates, and the vectors
denote dimenslion.ess cCo a recto
wherg ;s;;:iiigwn to be parallel u§tqr§ and afterlghg w:vg %%O)
?18? determines the structure of the sl ock wave. z '

- & - y hOCk—
gl

Card 3/9 D*f/
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j ‘t oniy cne i i b' ficient 0'

1

Ly Dt y'hy o L A e A (11)
’ . . .y N ,,. _ 0
—-2(’(——1)]2'le/1”—--,§ [ i Uy e

iy i long the perpendicular
Eq. (10) 1is found a
rface expressed DY is £
?ﬁssﬁ* whose center lie on the hypertola
(y = +} 457 1)
2 . (
h, = = =
Yo oyur - 20y - 1)y

In the case x = + @,

=0
(u* - 2hx2)(“*hxhy ,

. . ) . _ o
(u* - 211){2)(__y - et ) - by Jp
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From the above statements one may determine that in the vicinity
of u*, h_, hz, corresponding to conditions before and after the

wave, must lie intersections of the suriace expressed in (10) and
hyperbolic cylinders Eq. (13) and Lq. (L4). Also Egs. (13) and (14)
lie on the hyperbola 5
- - I * =
(u* 2n ) hy b, 0 (15)

which lies in the plane h = 0. Therefore it is seen that a point

after and before the waveZlies in the plane n, = 0 and occurs at

the points of intersection of the curves (11) and (15). The inter-
gections of curves (11) and (15) depend on parameters before and
after the shockwave. Investigating local properties of intersec-
tion points of the curves (11) and (15) one assumes that u* = 1,

hy = hyo’ hz = 0. This may be obtained by scaling down coordinates

of the axis. Individual points of intersection may be distinguished
by considering the discriminant D, b%r/

Card 5/9
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y L . L
D=[— 2+ (- 2] + (1 — 20 [ — — 2] x

X (4 + a'thyY) = (_1_’_!%05, + a2 (L — 2k hw[

J&m___i:i%é]
1—18 hy
1¢f D > O, then the point is a node 1f
2n 1 - 2n_ 2
_“yo ~, X
1l - 780 : hyo
is satisfied, and a gaddle-point 1if

2h 1 - 2h
s 1 T — S0

[¢]
T-7ye, ™~ B - (ZO)V”/

If D < O the point is a focus. In the case of rapid waves all no-
des and foci are initial, and in the case of slow waves the inte-

- Card 6/9
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gral curves always pass through nodes and foci. The author conclu-
des that the current in the internal zone depends primarily on the
gpiral flow of electrons and on the wave i.. 21f (fast or slow).
Inside the wave, vectors of intensity of a magnetic field may
change over if there is a large spiral flow of electrons. This
movement does not follow the rotation of vector H around one x-
axis. If the spiral flow of electrons tends to zero (a* — 0) then
the shock wave changes to an ordinary magneto-fluid dynamic shock-
viave. Beyond the amplitude of the shockwave, if it is strong,
there may exist a region where magnetic field is the same a8 in
the front of the shock wave. If this is so, with wt ~ 1, becomes

L~ —( a‘:/lx")~_._c._. -+ @)

:’,nguo A,

or with wt =71 AL it ¢ ot
4nsug all, 4noug
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Hence the amplitude of the magneto-fluid-dynamic shockwave in an
igsotropic gas is greater than an ordinary magneto-fluid-dynamic
wave, and, therefore, for large spiral flow of electrons (wt- 1),
the amplitude of the shockwave in an isotropic gas conforms with
Larmor's radius for ions

\

3 1 4
[ . S cHlugmy

Tnguy % = Trugnl  TpuglH R

In this case energy of the magnetic field is equal to the

vinematic energy (H2/85r /\Jug). Projecting Eq. (2) on the
gives . L -

wv d

_wv d { dp,
H dz T

(Hp2+ H2) =2 @H, —wll) + 25 1ok (24)

ne dr

This equality can be used in determining Ex(x) when p, 1is

If the random velocities of ions and electrons are of the
der and are expressed in whole numbers, then 2 p, =P (pl
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ity of
With E (x) ¥nown, equality dE /dx = 4ap, determines the density

figures and
tion of x. There are 4

de the wave as @& func b :

gh?Z%ZriQZie: 5 Soviet-bloc and 1 non-Soviet-bloc

SUBMITTED: July 16, 1960
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AUTHORS: Buranov, V.B., and Lyubimov, G.A. (Moscow)

ez e

iy T

TITLE: Generalized Ohm's law in a completely ionized gas

PERIODICAL: Akademiya nauk SSR. Otdeleniye tekhnicheskikh nauk.
Prikladnaya matematika i mekhanika, v. 25, no. 3,
1961, 468 - 472

TEXT: In deriving equations of motion of fully ionized gas and re-
lations connecting current density witn other parameters, the con-
cept of a binary (elecL?on—ion) mixture is used. Here the problem
considered is that of the influence of viscosity of the components
on the equation for the curr .t density of generalized Ohm's law
and the dimensionless criteria are given which influence the final
form of the generalized Ohm'* letely ionized gas.

The gas is assumed to consist of the electrons and singly charged
ions and their numbsr per unit volume to be n. The equations of mo-
tion for each component are
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d v, ;

. A i
w.n »{'I_li’ === p,—-diva, — Prl(l‘, . -;[v, A "l) + R,

dv
man -
i ot

b div -m(l'} TR m) 4R

o J . o " e
A A R I/
! 3 i 2

where me, mi = mass of the electron and iron respectively (me

Ver vy = macroscopic velocities; Pgs Py = partial pressures; o

'y = tensors of viscous stresses for the electron and ion gas re-

spectively, e = electron charge, i and H = intensities of electric
and magnetic fields, and Re = - Ri‘ If &lso m, Vv 2.,-mi vixd' Pg -

ex
S Py o= 1/2 p, then

dov,

oo -~ -

L=
Lo (E

" :
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j:.——en(m——v.) (3)

"where 0 = conductivity of the gas in the absence of magnetic field.
J = current density, To ~ time between URO electron-ion cclli-

. . s N T
sions. If 1in addition mivi - meve and Vv ~-Vy» ve.~41 on j, then
d

together with the continuing a—% +ndivv=0

. 2 2
daj . gz . = — j _en 1 . e n 1 _
et j div v + (3 V)v - (IV) gg = Ti: =3+ 1@: (E+ 3 v 7 H)

(4)

e_ e o (e =

- =5 j A H+ 5= VPe + div (m ie ~ @ J_i) >Z
e e e i

is cbtained. It is assumed that characteristic time t 7 max {te,
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Generalized Ohm's law in a <«
ences the motion and vis-

> yhen the electromagnetic field influ

-ri:.
cous forces are present,

(r: = O.96nTri) (6)

yl% \w.vz or ¥ f‘:nmiVL

.ength agsociated witn
%), (b6) the following ex-

4).

where Vy, L = characteristic velocity and
the problem. T = temperature. From Eqs. E
pressions are obtained for the terms of

. 2.4
:nmll b , Q:

,41:-1'(“\'\"‘—(]7)"’” i o n w,
133

N T et
"‘1 = (Jv) en Hlenl H L. el “'I:t

nm ll “enm ‘l 2
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. [ BV
ftn 4. ) B nk

£
A, == -- = -~ w T,
Aj s T, Hix, 0,

Pin g i~ enl'w
. - v o WY ’
Ay = m k= me \

e

nm ‘ e

LA SR

, L — .
Ay = P, ) W~ o L

9 . o Yo 0w
g = _M[o.ﬂmnl —* i

»

0.496 nTr
: eV ‘/
o
[
Y nm e A
- -

— e s {~() m nlt 7‘[ Illeum 1:
ni, Weoen }
/ ,
Ve ’”i [ex
"or '-~1nl -
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where (2 = characteristic frequency and all the terms of Eq. (4) are
expressed in dimensionless parameters ii/wi and w,7 . The final

form of Ohm's law will depend on those parameters, and the follow-
ing cases are considered: 1) ./wg- 1, w T <13 2) “:/wg 1y
w, T, == 1; 3) L2fwg 1, w T 1 4) 22 fwg == 1, 0 T~ 1§ 5). ./

wy =15 w, T, <~ 1; 6) 4:/wi — 1, were*}-l; D) _'.'.._/mi Foly w T,

e

shows that in deriving Ohm's law for a binary model of a complete-
ly ionized gas, the viscosity terms can be neglected. There are

3 Soviet-bloc references.

«..1l; 8) >;/wi‘> 1y w, T, == 1; 9) ;;/wi © 1, wot, 1. The result

SUBMITTED: March 4, 1961
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AUTHOR : Lyubimov, G.A. (Mosacow)

TITLE: On the form of Uhm's law in mugneto-hydrodynmnics
PERIODICAL: Prikladnaya matematika i mekhanika, v. 25, no. 4,
1961, 611-622

TEXT: A generalized form of Ohm's law is derived Ior 2 quasi-neu-
tral medium consisting of electrons, ions and neutral atoms, in the
presence of a space charge fa- The limits of applicability of the
obtained relationships are discussed, as well as the possible use
(in concrete cases) of various forms of Uhm's law. Basic equations
of the motion of the medium are then discussed, consisting of elec-
trons, ions and neutral atoms. A very simple model is considered,
in which the electrons, ions and neutral atons arc idcal gases.,

The degree of jonization is defined as « =n/ (nt n, ) (1.1)
a is the number of ions and n, that of neutral atoms. Farmulas are
given for the Sressure Dy the momentum J, velocity v, aud for the
motion of electron- and lon gases respectively. The equation of
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motion of the gas mixture is

my(n ¢ na) %YE = - grad p - n'eg - % [nVg + 1 (v + vi))x i (1.8)
where my is the ion mass, n ¥ n' is the number of electrons; formula

j = E“kek"k a - (n+n)e vy ve) *
+ ne(v + vij) = - neve - nte (v + vyi)

was used which defines the curreit density, and n'« n. the deriva-
tion of the generalized Ohm law 1s then iooked at. & numbar of

assumptions are made T » max {’t‘, Tey T]‘_}

vi € vixs Vi ? Vel & Voo v - val < Vax (2.1)

where T is the characteristic time, related to the characteristic
dimension (length) L and the characteristic velocity U, by U = L/T;
Vixr Vexr Vax are the random velocities of ions, electrons, and neu-
tral atoms, respectively; v, e, Li 8rC the collision tiwmes bet-
ween electrons and ions, electrons and atoms, and ions and atems,
respectively. The notations are introduced:
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ja - neve - n'elv + vi), Ji = nevi

Cl"

e s 1L = Che e"l, Wi =
¢ eTe CHT +

] q S R A A O

d Uhn law is oot(g ned:
y lnally the gcnelglillpfa— B (a grad p —grad (py + Pl — ne(L 4+ ——v x I{\

-}-[1——2(1-—(1){5—(1——“‘——-'—"—" jx I + Pan'eE —

®, "7'7( g <

r
‘—" me % }14_.,,4_(1._5)-,,__
\BJ‘ {—a mfx,q-n)en" x

pi_a”::ﬂ(] (J-ne\) ”(‘ _r_/i)ﬁ[agradp—

—grad(p,—*—p‘)]xﬂﬁ- _)xHxH-—(l—-u)neExll,:

= —n "',-f——}it gradp—grnd(p,—l-p)—(1—-a)neE—L-
n Ry

T om0 { —
+(j+nev)—c—(,.‘ *) -+ jxll|
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(for partially-ionized gases) . simplifying assumptions are nade
which lead to simpler forms of the law. oY not nighly rarefied
gases and moderate temperatures:

- grad pe - 1€ (}3+%v 139) +%.j><H+

H+

C”e H(J - pov) -

-(‘}__Zﬁ)—%-(r"__ﬁ_.._ d xH + & 'XII"H*—DEXHI' = 0 (212
Ty | a+lgra P = J Pe | .12)

For a complectely ionized gas:

- grad pe - ™2 (P + L ux )+

1 sy + 2L - = 13
z _C_Jx.l = 1 (3 Pov) o . (2.13)

In concrecte problemns, it may turn ou that some of the terms in
Lq. (2.12) 'are negligibly snall, hence sipnler forms of the general-

r

jized law cau be used. The relative magnitude of the terms entering
Zq. (2.12) is evaluated. It 1is found that the relative magnitude
of these terms is determined DY the velue of the ~ollowing ¢irci-
‘sionless parameters: ) :

we’t'* L L, (,_l - 'O() ’ ___2(_1-__ "_‘r’('_ )_T‘J__i_r X Q_ (wert-k)—l

-— T, '\
'R Wi z5 T Z ol (2.19)
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which are related to the physical properties of the medium and to
the specific ionditions of the problem; {2 is the characteristic
frequency; 7TV~ 1S defined by %& - % + %g (3.11)
The values of each of these parameters are discussed for various
conditions of pressure, temperature, strength of nagnetic field,

etc; this leads to conclusions regerding the value of the various
torms of Bg. (2.12) and their possible neglecting. Thus e.g. the
paraneter €2(l - a)M)¥;/T which cetermines the relative magnitude
ofthatmms(U/C)VxlimmchijXH,cmmﬂw\dmmeofﬁqhhn
be compareable to unity in case of a very small degree of ionization
only; ¢ is the conductivity. It is noted that the above evaluation /
was carried out for quantities L, U and T which arc the same for all
mechanical and electromagnetic magnitudes; hence these estimates
cannot be used for all problems, but other, analogous, estimates

can be made. There are 9 references: 5 Soviet-bloc «nd &4 non-soviet-
bloc. The references to the English-language publications read as
follows: ©. Kihara, liacroscopic Foundation of Plasma Dynamics. J.
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Phys. Soc. of Japan, 1958, v. 13, no., 5; L. Steg and G... Sutton,
The prospects of MHD power generation. Astronautics, 1960, v. 5,

no. 8.

SUBMITTED : April 7, 1961
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PHASE I BOOK EXPLOITATION SOV/6191

Kulikovskly,. Andrey Gennadiyevich, and Grigorily Alekaandrovich
Lyubimov e

Magnitnaya ﬁédrodinamika (Magnetohydrodynamics'  Moscow, Fizmatglz,
1962, 246 p. 7500 copies printed.

Ed.: V. P. Korobeynlkov; Tech. Ed.: K. F. Brudno.

PURPOSE: This book 18 intended for persons working 1n the fleld of
magnetohydrodynamics.

COVERAGE: The book contains systematized basic principles of mag-
netohydrodynamics, preésents relatlonships resulting from inter-
action of a conducting medium with an electromagnetic field, and
investigates the possibllity of obtaining exact solutlons for
magnetohydrodynamic equations. The author thanks M. N. Kogan and
V. P. Korobeynlkov for their advice. There are 134 references,
about two-thirds of them Soviet.
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rot E = 0, div E = 4Tpe (2)

The boundary layer problem must then be generally solved together
with the external problem. The author introduces some simplifica-
tions into Eq. (2) and formulates the boundary conditions for the
external problem in such a way that the boundary layer protlem may

-be solved independently. Systems of equations for the boundary

—

layer are deduced for the case when the magnetic Reynolds number
ijL] is smaller or approximately equal to 1. The equations of the
external problem are formulated separately for the cases R L<g1 and
R -~1., A simpl i i T o fevencr: o o
mL . mple example is given., 7. o refercnce:.  Fr
oA Z/')IJH le v,
ASSO0CIATION: MGU

SUBMITTED: June 22, 1962
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AVTHCR:: Lyubimov, G.A. (Foscow)

TITLE: lagnetohydrodynamic boundary layer in a medium Luvang
anisotropic conductivity for small nugnetic Eeyrold'e
numbers

P2RIODICAL: Prikladnaya matematika i mekhanika, v. 26, no, 5, 6
1077 - 1086

TEXT: General formulation of the problem is given and apnlied
the boundary layer on a semi-infinite plate, assuming that
H,° oL
nbL = SO (2.4)
cgoU(1 + wgrz)

and that the magnetic field 18 homogeneous and perpendicular
plate. The final system of equations is

ta thae

6u| Bu,, au‘ 6u° 16’“[ . - ~
u05;+"13;+voa_y+ 13, T R ayp =1 Uy {(2.10)
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ou, ov, aw1 Ow 1 b2w1
o " oy < 0 0T o By T T = wma
oy
The last e

quation in it jg reduced to ap oriinary 1ifreren. ;.
tion by putting %=y V(&/X) andg

W= WX T ()

SRUI
Y was found by numerical inte, ration. ‘he deceleratiny P Tlow AT
the x axis decreases with increasing wT, The

has g naximum a
clents of longi
terms of the fi

transverse velocity
T wt = 1 gpq tends to O for wr — © . The coerpjl
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ACCESSION ilR: AP301L9LT7 5/0207/63/000/005/002L/003L
AUTHOR: Lyubimov, G. A. (Moscow)

PITLE: Electric potential changes near the walls of a channel during the motion
of ionized gas in a magnetic field

SOUACE: 2Zhurnal prikl. mekhaniki i tekhn. fiziki, no. 5, 1763, 24-3L

TOPIC TAGS: ionized gas electric potential, moving gas electric potential,
electric potential near wall, magnetic field, ionized gas, ionized gas in magnetic
field, moving ionized gas

ABSTRACT: The flow of a conducting viscous fluid in a plane channel is considered
with constant velocity U and transverse, constant magnetic field H. For cold walls
the conductivity is assumed to be a function of temperature across the channel

and the magnitude of the wall potentials CP is derived for small currents, in a
boundary layer with a straight line velocity profile, using Ohm's law and assuming
R, << 1. The channel walls are then assumed to be hot electrodes, and the magni-

tude of each electron sheath is studied under an electric field E, including the
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Schottky effect on thermionic emission greater or less than the random electron
plasma currents, Next, an external load of finite resistivity is applied, and
expressions for the current densities at each elactrode derived. The potential
drop across the channel is then determined from

TR =8—9,0.T) -0, T+ @~ ®_

where§ indicates work functions of each electrode amnd ¢ , bhe sheath potentials.
The first term on the right represents the induced field. This equation shows that

in order to evaluate the cirrent-voltage characteristics one should determine the
sheath potentials in terms of the various plasma parameters, Orig. art. has: 29
formilas and 11 figures.

ASSOCIATION: none
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a weak current is sent through an itonized gas, PMTF no. 6z
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] 3 1963, ..'09 522
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. are presented, and graphs of the velocity and tempera.— S
ture prolees arerglven for various values of d1fferent parameters @, v, m¥x,
Prandtl. ers: from 0.1 to 0.01). Numerical calculations were made on.
Strela-~, computer at the: MGU computing center,. ."'l‘he authors congider 1t : P
he duty to thank M, N, ‘Kogan and A G. A‘ullkovs!d.y for- ’chen- discussion of i
; the r _ults and useful critical comments- ‘and staff members G.'S. Roslyakov
el N of the: MGU computing center for helpin calculation. "o
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"Electrical Poteirtial Variation Laiers Near Electrodes."

report submitted fcr Intl Symp on Magnetohydrodynamics Electrical Power Genera-
tion, Paris, 6-11 Jul 64.

Inst of Mechanics, Moscow State Univ.
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"Magne tohydrodymanic boundary layers".

report presented at the 2nd All-lUnion Congress on iheoretical and Appiied
Mechanics, Moscow, <9 dJdan - § Feb 6él,
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AUTHOR: Baranov, V. B.(Moscow); Kulikovakiy, A. G.(Moscow); Lyubimov, G. A.
{Moscow)

TITLE: The boundery layer on a flat plate {n anisotropic magnetohydro-
dynamics

SOURCE: AN SSSR. tzv. Otd. tekh. nauk. Mekhanika | mashinostroyeniye, no. 1,
1964, iLi-142

TCPIC TAGS: flat plate, boundary lay:r, boundary layer conditdion,

thermal boundary layer, Ettingshausen effect, aerodynamics,

ABSTRACT: Expanding the subject of a previous report (Baranov, V. B., lzv, AN
$SSR, OTN, Mekhanika | mashinostroyeniye, 1962, No. 6), the authors consider dis=
turbances to an external flow caused by a boundary layer to show that temperature
at the latter's boundarycan ba considered fixed despite the presence of the Ettings-
hausen etfect. Further, It Is shown that the inequality X R (where M is
Hartman's number, R is Reynold's number, as related to the characteristic length
| along the plate) can be diminished and the form M SR can be used for the
,.q:_(jslti(}ce of the Blasius velocity prafile. The thermal boundary layer is
Card__ D ol
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calculated with consideration of Ettingshausen's effect (see Pig, | ln'the

Enclosure). 'yn concluslan, the authors express gratitude to M. N. Kogan for call-
ing their attention to the problem and prticipating In evaluation of possible
solutions', Orig. art. has; 1 figure and 10 formulaa,

1
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AUTHOR:  Lyubimov, G, A. (Moscow)
TITLE: Some problems in theory of potential change through shoath
SOURCE: Zhurnal prikladnoy mekhaniki i tekhnicheskoy fiziki, no. 4, 1964, 10-15

TOPIC TAGS: plasma sheath, electron ion plasma, seeded plasma, thermionic
emission, debye longth

ABSTRACT: The author attempted to refine his provious theory on electric sheath
Lormation (Prielektrodmr“ye sloil iumeneniya potentsiala pri propouskanii slabogo
toka cherez lonizovanny*y gaz, PMIF, 1963, No. 6) by including in his analysis

such offects as collision lonization of atoms by electrons and acceleration of
nioctrons in shoath layers. 8 of a thermionically enitting
surface, a Debye length much smaller than the eloctron mean froe path, and a
iinear potentinl drop E = #$/d, The current balance equation botween amittad
electrons j,; , plasma electrons Jg» plasma ions Ji» and collision ion.zed atoms

21" 18 given by

'/—',axp{ 4';.” ﬁ} + + I'l; - /V- t'axp {“ i:;‘j =]
Carz 1/3 - - V
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A

For a potential change in the sheath greater than the ionizat

ion potential Uk
of the seed material added to the gas,

the value of Ji' can be given by
. n, Q y
I =eN {’;Q:T:,G: Ce (9, — Uy) +
i Cy=10 at P < U,

" Q4 .
n.Q,+n_Qe Ca (Wo- —{/,) }
Ce=0 at R LU,

o). .
1P Evarepei e P TN

.o .o o

Q- electron-atom collision cross section, To this is added the curront dua to

. 8ocondary electron emission by lons bombarding the cathode surface, given by
Y= jeo/jio » leading to the final expression for J given by

= jyoxp {20 VE} + Gk )+ 8+ 1)t — j, oxp (-2 o)

oo g

ASSOCIATION: none
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LYUBIMCV, G.A. (Moskva)

Viscous boundary .ayer on an e.s-trode in a medlum ={ vary!

electroconductivity. Prikl. mat. 1 mekkh. 28 nc.3:84%-8%]
Cpmor -
‘64 WA Tl
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| avrHoR: Lyubimov, G.A. ' ' 1
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=

TITLE: Magnetohyiiéodynamic poundacy layer

SQURCE: - Magnitnaya gidrodinamike, no. 3, 1965, 3-20
~ TOPIC TAGS::.‘- ma;gfieéohydtodynamic theory, magne tohydrodynamic boundary layer

 ABSTRACT: ' A review of selected published work on the theory of the laminar magneto-
" ‘hydrodynamic boundary layer is presented for the cases where the magnetic¢ Reynold's
number, Ry, is less than unity, and the Reynold's number, R, is much larger than
unitys ER. 135 ‘R«  These cases are of interest in many theoretical and experimental
| problems. 'Attention is directed to the mathematical and physical fundamentals of the
| problems, with emphasis upon qualitative considerations. A list of some 34 references
_ serves.as a source of quantitative data and as a reference board for several quanti-
tative discussions of ‘the author, Consideration starts with a review of the physical
.| . and mathematical consequences of imposing suitable limiting conditions on the problem
* parameters, Estimates of the boundary layer thickness and of magnetic field changes
across the boundary layer lead to certain clarifications; for instance, to a recogni-
tion of conditions for external problem dominance via its influence upon magnetic
field in the boundary layer (intermal problem) equations. These general considera-

Card 1/3 R : UDC: 538.4
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‘tions lead to a Systém of equations

er in the case where <1

ting weakly ionized fluid, the equati

cited literature)

. U=t —+w

a.r_e' :
du  du
ox 0y

dw  dw

$U—+w

u-é'; dy

[

er

Pcp(

A

T  aT
0y

ap a9/ aT
L IR

p=p(x,2);

;i 0
Eno-':-'thB'{'%‘. _]n°=lno(x’z)-_

e A ——

%z VaF  poz

- +n[(%‘y‘)2+(%%)2]“%n(divv)*ﬂ"(ﬁ"«“wxﬁ'ﬁ

0

for the viscous magnetohvdrodynamic boundary lay-
In the simplest case, that of an isotropically conduc-
jons (with detailed notations available in the

oy Fu 1 dp o !
g —_ 4 R i_ .
9z og p0x p (E*+veX B) X Bl _

dw Pw 19 '
-.-.._._’-’-+-g-(E°+v¢><B)XBI=i

i
dou dpv Odpw
(4 PIP=;

ox  dy o0z

ar dp

Uzl T 5% ay

. B=B(x,2); E; ——-'-E;O(x. Z);
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1{The arbxttary Euncticns in the equatxons (1) of the internal problem (p; B; E and j),
‘I are- determined by the solution of the external problem, Equations. for zn envirorment
‘Wwith an anisotfopy of" ‘electrical conductivity, and equations for the ‘case of strong
v'zonxzatxon’a:e avaxlable ‘in the cited literature, The imposition of further parameter
‘restrictions (e.z.3" E=Q, or B = const. everywhere) - lead to additional decisive sim-
- plifxcatxon ‘of - the ‘external problem, The corresponding internal problem, defined by
-} the boundary layer equatzons, can then be considered as an efficient point of departu-
“iif relfor a review of basic Bcundary layer problem solutions, The author's review starts
' If:om this: baszc poxnt -and includes many papers. Among his comments are those on the
5 discovery of’ ‘a decrease An; frxction and in heat exchange with an increase in the mag-
| netic field; and on’ thé appearance of nommonotonous velocity profiles, Research on the
'| anisotropic and- hzghly ‘ionized cases is also reviewed, The author concludes that the
;;fexxst1ng<tud1es of - the magnetohydzodynamxc viscous boundary layer refer, as a rule, to
|-specific’ segtegated problems and are aimed at quick qualitative answers, It is thus
‘|: clear that the systematxc investigation of the overall problem belongs still to the
| future. For instance, an approach to the magnetohydrodynamics of the boundary layer in
1 the case of. ‘highly ionized envirorment and absence of plasma thermal equilibrium still
‘}'needs the construction of a basic system of equations, Considerations for the advance-
.| ment of magnetohydrodynamzc boundaty 1ayer tesea:ch are contributed, Orig, art, has
1415 figs., 12 formulas.-' LN

| 'suB copB: 20 --; sum; DATB: ééNovM/ ' ORIG REF: 024 OTH REF: 030
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[FITLE: Neaﬁ-elegggﬂglayers in "hot" electrodes

K SOURCE : Zhumal,prikladnoy mekhaniki i tekhnicheskoz_\f{z\iki, no. 4, 1965, 45-53
' 20, Uy, N ’

TOPIC TAGS: riotu‘.zed gas, electrode, boundary layer plasma

ABSTRACT: A semi~empirical the
. surfaces is constructed, Several models are considere

L - It is shown that a choice of empirical constants is
omewhat ambiguous; this leads to more than one solution, all within the experimental

ata. Other examples of comparison between the derived and measured voltage-current

.BUB COBE: 20/ SUBM DATE: 20Jun65/ ORIG REF: 005/  OTH REF: (05
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. SOURCE CODE: UR/0382/65/000/004/0080/008%

UTHOR Lyubimov, 8. A., Semenova, 1. P.

' temperature dependence, Haxuell equation, current densibr. electrode.

ducting gas boundary layer flow, electric field, fluid flow, electric '
onductivity, conduct:.ve fluid 2/, 4y, ;
BSTRACT: The effect of the axial e].ectm.c fleld in the core of a fluid stmam R

charactemzed by temperature-dependent electrical conductivity is investigated. In L
“contrast to the results of cother authors, it was found that cold electrodes in con- '
tact with the conducting gas cause a significant decrease of conduc ctivity in the
outemost regions. This phenomenon leads to the development of potenf:ial differencs
Wi h_amplitudes comparable to thase of the applied field rcross the stream., To'
ccomt for this effect, Maxwell's and Ohm's equations are solved for the asscciate
‘ed cm.*rent densities. Ii is shown that the resulting currents induce Joule heating - B

UDC: 533.95 : 538.4
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ishich affects the flow. The c%ﬁpmtermica of the flow are plotted forr geveral ey
ratios of the resistance of L& dary layers to that of the innen layers., Heat .
transfer and frictlon are not considered, since the conventi ‘
cient to estimate -these effects. Orig. art. hag:

. . SUBM PATE: 13Nov64/
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SOURCE CODE:  UR/0421/66/000/003/0003/0011

AUTHOR: Lyubimov, G. A. (Hoscow

6
7/5
i\

TITIE: Averaging of magnetohydrodynaric flows and the applicability of a hydraulic
approximation for the caleculation of magnotohydrodynamic flows through chanrols

4
SOURCZ: A¥ SSSR. Izvestiya. Mekhanika zhidkosti i gaza, no. 3, 1966, 3-11

_ORG: none

TOPIC TAGS: magnetohydrodynarics, nonuniform flow

: M Ag engineers are beginning to use the petnods of nhy-
%rau;ic calculations for the design of definite magneconydro-
5¥pamip devices (using the analysis of overall characteristics
~ikKe tThe efficlency, power at the external load, etc., supplied

07 hydraulic calculations), it 1is becomingzg clear during investi-
gatlons in gasg dynamics of the same nonuniforu flow that the re-
sults of hydrauvlic calculation may differ by as much as i0,
depending on the method of averaglng. Conscquently, the author
carries out a comprehensive investigation of the problem of

- averaging of magnetodypamic flows and shows, for selected examples,

{ Card_1/2
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that the nonmmiformlity of magnetohydrodynamic flows is much stronger
than in gas dynamic currents because of the nonuniformity of the ‘

, 'force and thermal interactions of currents within the flows., These

+ increased nonuniformities lead, in turn, to even larger fluctus-
tlons in the results of hydraulic calculations, and the author

. concludes that there is a defini

' hydraulic calculational methods

: dynamic end electrodynamic sense) canonical flows. Such an

: approach appears in many cases as the only one applicable for A

' practical design of magnetohydrodynamic equipment, Orig. art. has: ~

. 3 figures and 2 formlas. [JPRS: 37,751/
|SUS CODE: 20 / SUBM DATE: 10Feb65 / ORIG REF: 006 / OTH REF: 002

|
|
l
!

i
]

LCord 2/2

APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001031210008-5"



"APPROE FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001031210008

L

-5

o

Translation from: Referativnyy zhurnal, Mekhantka, 1337, N

AUTHORS: Pochtovik,G. Ya., Lyubimov,G. D., Likverman, A. [

TITLE: Investigation of the Strength, Rigidity, and Crack Resistance of
Reinforced-concrete Structures Based on "Keramzit'” Clayey
Filler Gravel (Issledovaniye prochnosti, zhestkosti i treshchi-
noustoychivost: zhelezobetonnykh konstruktsiy na keramzizovom
gravii)

PERIODICAL: Tr. Mosk. avtomob.-dor. in-ta 1956, Nr 18, pp 231-240

ABSTRACT: Bibliographic entry

1. Box beams--Stresses--Test results 2. LT

——Mathematical analysis

APPROVED FOR RELEASE: 08/31/2001 CIA-RDP86-00513R001031210008-5"



"APPROVED FOR RELEASE: 08/31/2001

CIA-RDP86-00513R001031210008-5
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Designing eccentrically loaded rigid beams for elastic

: ach. . 3 no.3:18-24 *61,
supports., Stroi. mekh. 4 rasch. soor. 3 ( 1:6)

(Girders)
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AUTHORS: Lyubimov, G. P. , “ho<hlov, K. V.

TITLE: On the Polarizaticn of a Mclecular Beam by an Allernatirg
With Changin,; Amplitude and Phase {C polyarizatsii molenulys
puchka peremennym polen 3 izmenyayusnchimlsya anplituilicy i

PERIODICAL: Zhurnal Eksperimentaltnoy 1 Peoreticheskoy Fizdzi, Y-
Nr 6, pp. 1396 - 1402 {US3R)

ABSTRACT: The principle upon wiizh the operation of a mclecular
19 b
pased consists in the fact that the molecule flyinsg o

resonator enters into interaction with its electric

occasion the excited nolecule will pass its exces. eneryy
the resonator. for the analysis of a211 possibdle, stalle,
oscillations it is necessary to cfetermine the pClarlizatis
beam if this beam is subjected tc the action of un altern
field with changin, amplitude and phase.
The paper contains the following chapters:
1.; Derivation of the initial equation
2.) Discussion of the case in which tune phase oI Lhix .oilng
ig constant
Card 1/2 Discussion of the case irn whicn the auplitule = I ‘reuency
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