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INTRODUCTION

This report includes abstracts and bibliographic lists on
coniractual subjects that were completed in June, 1973, The major
topics arec: laser technology, effects of strong explosions, geo-
sciences, particle beams, and material sciences. Sections on

energy technology and miscellaneous interest items are included.

Laser coverage is generally limited to high power effects;
all current .aser matcrial is routinely entered in the quarterly

laser bibliographies.

An index identifying source abbreviations and a first-author

indeX to the abstracts are appended.
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1. Laser Technolcgy

A. Abstracts

L. I. Mirkin. Mechanical deformation and

destruction of metals from effects of a laser

beam with a 10-3 second pulse duration.
FiKhOM, no. 1, 1973, 31-33,

Deformation and fracture of metallic materials from the
cffects of laser pulses were studied in a number of single and polycrysialline
technical grade metals, ferrous and nonferrous alloys, and refractory
metal carbides. Irradiation was with a focused GDS-30M laser beam of
'\'10-3 sec. pulse duration with variable beam defocusing. Plastic deformation
from irradiation effects was detected in metals, e.g., Cu-15% Pt alloy in
an ordered state, by optical micrography and interferometry methods.

Ty ical cracks are exhibited in tungsten and chromium as the result of the
presence of impurities at the grain boundaries and a sharp focusing in the
absence of a molten zone. Cracks in the presence of a molten zone, e.g.

in DI6T duralumin, are attributed to thermal stresses generated by

crystallization.

In cast iron and metal-carbide -metal compositions, e.g.,
tungsten carbide-cobalt alloy, cracks propagate very rapidly through both
components, beccause of different coefficients of thermal expansion and
weak bonds between crystals, Usually mechanical deformation from effects
of millisecond laser pulses is not the main cause of fracture; nonuniform
thermal expansion is believed to be the fracture mechanism common to the

different materials,
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Mirkin, L. I. Feasibility of displacement

of atoms in a solid from the effects of a
pulsed laser. IVUZ Fiz, no. 2, 1973, 106-
108,

In a companion paper to the preceding one, x-ray diffraction
data are presented of an ordered Cu-Pt alloy with 25 at %Pt (Cu3 Pt) before
and after irradiation with GOS-30M laser pulses of 30 j output energy and
10-3 sec. duration. The alloy was selected for study of structure changes
via very small displacement of atoms from equilibrium positions, because
of its extremely stable superstructure in annealed state. The x-ray
diffraction patterns show a total elimination of the cubic superstructure and
an increase in intensity of the base line of fcc structure, after a short-time
irradiation. The latter effect is attributed to breaking down of large crystal
blocs due to a rapid heating and cooling. Micrographs of the thermal effect
zone show a polygon structure which is the result of alloy deformation
(disordering) with accompanying decrease in micronardness. Thus an

ordered alloy is suitable for the study of atom displacement in solid state

from the effects of a 10-3 sec. laser pulse.

Mirkin, L. I. Contact melt zone on a

ferrite-graphite interface from the effect
of laser pulses. FiKhOM, no. 1, 1973,
143 -145.

A micrographic study is reported of the solid-phase
diffusion effects in laser-irradiated gray and malleable cast irons containing
ferrite and graphite, the latter of different geometries. Irradiation was

with focused laser pulses of 30 j energy and 10'-3 sec, duration. The

irradiated zone was studied with optical and electronic scanning microscopes




at 100, 000 Xmaximum magnification. Micrographs of both gray and
malleable cast irons show a zone of partial graphite dissolution between
the quenched liquid state (austenite-martensitic) zone and the zone with the
original structure. Dimensional analysis of the graphite dissolution zone

indicated that this zone may attain 10p size in malleable cast iron with spheroidal

graphite, but does not exceed 2-3p in gray cast iron containing lamellar
graphite. Calculations based on carbon diffusion coefficient in solid and
liquid iron showed that, during laser irradiation, diffusion zone boundary
shift was three orders of magnitude higher than theoretical shift in solid

iron, and one order higher in liquid iron.

The observed phenomena are tentatively explained by contact
melting at the iron-graphite interface, which occurs at the m. P. of a eutectic
1,150° C). The mechanism of the observed phenomenon is discussed. The
observed significant acceleration of praphite diffusion in comparison to
theoretical diffusion is the result of phase transitions during diffusion. In
addition, there is cleavage of graphite lamellas and the wedge effect of the
liquid formed on the contact surfaces by rapid heating. Also, liquid
penetration into porous graphite according to the filtration mechanism in
porous media plays a significant role. Confirmation of this latter mechanism

of dissolution is seen in the observed difference in dimensions of dissolution

zones between the cast irons with spheroidal and lamellar graphite, Ia the

former, crystal adherence to the surrounding iron matrix is weaker than in
the latter,
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Libenson, M. N., and M. N. Nikitin.

Diffusion of atoms from film to substrate

under laser irradiation. FiKhOM, no. 1,
1973, 9-14,

Diffusion of atoms through the film-substrate interface during
film heating by a pulsed laser beam is treated theoretically, with allowance
for temperature dependence D(T) of the diffusion coefficient. The importance
of diffusion is emphasized when making patterns in a film by vaporizing

it with laser beam, without affecting the substrate.

The boundary value problem of atom diffusion into the substrate
subsurface layer is solved on the assumption that concentration of diffusing
atoms at the interface is constant during irradiation time t. The number
N(t) of diffused atoms through a unit area during time t and the depthED
of the diffusion layer are then formulated as functions of .J'D(O), d® and D(t)
and the equivalent time teb<it during which D(t) has approxiinately maximum
value, respectively. The formulas show that at a given radiation flux,
diffusion layer formation is in effect completed in a short period, when T
of the film is near its maximum. Calculations of the minimum number
Nmin
vaporization of the film, the required radiation flux density, and pulse

(1) of atoms diffused into the substrate at a time t = T of complete

duravion LY show that the optimum conditions of film vaporization by a

rectangular pulse are a very high T and a Ty typical for giant laser pulses.
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of plasma generated by laser heating of a solid target., It was established
that energy losses due to reflection are decreased by one order of magnitude
from conversion of 1. 06y laser radiation to the second harmonic. Hence, the
0.53p radiation absorption by the plasma is three times as strong as
absorption of the 1. 06p radiation. It is concluded that the use of even higher

harmonics of Nd laser radiation may be advantageous for plasma heating for

nuclear fusion purposes.

Basov, N. C , A. R. Zaritskiy, S. D,

Zakharov, O. N. Krokhin, P. G. Kryukov,
Yu. A. Matveyets, Yu. V. Senatskiy, and
A. I. Fedosimov. Generation of powerful

light pulses at 1. 06 and 0,531 and its

application to plasma heating. . Experimental

studies of radiation reflection during laser

plasma heating at two wavelengths. IN: Sb.

Kvantovaya elektronika, no. 5(11), 1972, 63-71.

Calorimetric, spectroscopic, oscilloscopic, direction shift,

and polarization measurement data are given for laser radiation reflected
by the plasma of a solid target heated by nanosecond laser pulses at power

densities above 104 w/cmz. The 1077 sec. pulses, with a 107

sec, rer-tition

rate, were generated at 1,06 and 0. 53u by a mode-locked Nd glass laser
and its second harmonic, respectively, in the apparatus described by the

authors in the no. 6(12), 1972 issue of the title periodical.

The data obtained present the first known attempt at the study 1
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Vlasov, R. A., K. P, Grigor'yev, I. 1.

Kantorovich, and G. S. Romanov. Mechanism

of shock ionization from optical breakdown of

transparent dielectrics. FTT, no. 2, 1973,
444-448,

Scme previously overlooked or unclarified problems are taken
into account in a theoretical treatment of the avalanche siock ionization of
transparent dielectrics by a high-power laser beam. The problems are
treatvd of a more accurate calculation of the photon absorption cross-section
O (€) by an electron of the conduction band, and energy losses of nonequi-
librium electrons owing to electron-phonon interactions. Fcrmulas are
derived for Oa(e) and Oi(e) in cases of electron interactions with the acoustic
and optical lattice vibrations, respectively., Necessary and sufficient criteria
of the electron avalanche development are forrmulated from the energy and
particle balance, and solution of a kinetic equation for n(€) in a diffusion
approximation with allowance for energy losses due to acoustic phonon
generation. The formula derived for threshold density q, of radiation flux
was used to evaluate 9, of leucosapphire breakdown by Nd-glass laser
pulses of T~10-85ec. The q, value thus obtained is in satisfactory agreement

with the latest Soviet experimental q data in the absence of self-focusing.

Vyskrebentsev, A. 1., and Yu. P. Rayzer,
Simple theory of breakdown in mongtomijc

nonlight gases in fields from low to optical
frequency range. ZhPMTF, no. 1, 1973,
40-47.

A simplified approximate tiieory of avalanche breakdown is

developed for monatomic nonlight gases, e.g., Ar or Xe. Simple universal
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numerical formulas for the averaged ionization frequency v, breakdown
field threshcld E are derived by solving a set of equations for the electron
energy € distribution funct1on n(€ t). Simplifications were made by

1 I + ' eV and 11~I+1eV for the atom

excitation potential I and ionization potentlal I assuming the constancy

substituting the potentlals I

the collisional excitation frequenc y ¥ in the I1 <e < I1 range; the frequency

Vn of elastic collisions; and the characteristic time T4 of electron diffusion

ata v, frequency, from the electric field. The authors define B and 1-8 to be
probabilities of atom ionization and excitation by inelastic electrons, and assume

the electrons to have zero energy after inelastic collision or atom icnization.

The Lranscendental equation thus der1ved for v, defines
E = 1/1'

is the frequency of energy cumulation by an electron during iime Te neceSSary

dimensionless v, /v" as the universal function F(v /V ), where v

to acqu1re energy I1 sufficient for multiplication. The numerical value of

Vs " was calculated for B = 0.2 (breakdown in a d. c. field, from high
frequenc1es SHF, and 10.6 p CO lase1 radiation) and for B =1 (breakdown
from optical frequenc1es) The V /V versus Vp, /v plots are shown. In

the case of V" < Vg the equation for v, at f2].= 1 g1ves Vs = 0.8v £’ which is the
case of breakdown from a ruby laser. When v' > 2Vp the asymptot1c solution

of the equation gives

) a—1 TR Y
Vi = vpagat o2 — 2 vxp( =g Y GvE g, \ (1)
1

where & = j(1))/j(1; ) and a =4[T /1, *. Thus v, is determined, witha’ - 1

approximation, by Ve and 8. The compact formula

B2 5700090, (v, ) 2
Vi 2
s (v ) ivt, vy D800y AR (2)

FerR gy
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where wis the field frequency, ®(n) is the inverse of the F function and

A is the diffusion length, was derived for E in different gases at different
w, pressures, and dimensions. At vV, Svd
breakdown), Eq. (2) applies to breakdown in d.c. field, and from HF, SHF,

and CO2 laser IR radiations. At a low p or wZ zvfn, E/w is a function

and V.V, ("'stationary"

of pA. At ahigh p or at a low w, e.g., in d.c. field, the threshold field

increases somewhat slower than p and its dimensicnal dependeuce is

~logarithmic (log pA ). The E(p) plots calculated from (2) for Ar and Xe

at different frequencies are in reasonably good agreement with earlier
experimental data. Thus Eq. (2) can be useful for evaluating E in the

aksence of experimental data.

Teslenko, V. S. Photohydrodynamic parameters

of a laser breakdown in liquids. IN: Sbornik.

VI Vses. Konf. po. nelineyn. optike. Minsk,
1972, 81. (RZh Radiot, 2/73, no. 2Ye213)

Acoustic shock wave energy and the energy lost in expanding
the cavitation gap are measured for a series of liquids (water, glycerin,
benzene) as a function of single-pulsed ruby laser radiation energy delivered
(Q=0-1 joule, T = 5-70 nsec). Results are plotted in graphs, which may
be approximated by Q1 = Ki Q, Q2 = KZQ; where Kl’ K2 are photohydro-

dynamic coefficients. The results obtained enable determination

of the cavity size as a function of delivered optical energy Q.
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Grigor'yev, B. A. Simplification of one-

dimensional problems of thermal conductivity

from pulsed radiative heating of flat bodies.
TVT, no. 1, 1973, 133-137,

Using a simplificd model of a laser-heated surface, the
author develops a differential equation of thermal conductivity in the target
material. This is solved for dimensionless excess temperature ed)(s) of
a semi-infinite body and the excess temperature 04’ of an infinite plate.
The heat is generated in the body or the plate by absorption of a mono-

chromatic radiation according to the Bouguer law.

Two simplified solutions to the cited problems are discussed:
substitution of the surface hcat flux for the internal heat source, and determ-
ination of the local excess temperatures 03 and G‘Z(J) from locally released
heat, without allowance for thermal conductivity. Relative errors Ag(J)
AY(J) of the excess temperature determinations by two simplified methods
are analysed. The maximum possible error A*J (0) is evaluated as a
function of the Bouguer (B) and Fourier (F) numbers. A rapid graphical
method is developed for selection of the most appropriate approximation,
using F -B diagrams which represent the families of orthogonal, exponential,
and exponential-power functions. The first approximation method is suitable
for metallic bodies and requires solution or superposition of solutions of a
hyperbolic equation of thermal conductivity with a heat source. The second

method would apply to thermal insulators, especially for transparent bodies.

e g
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B. Recent Selections

i,

Beam Target Effects

Anisimov, S. I., and B. I. Makshantsev. Rol' pogloshchayushchikh
neodnorodnostey v opticheskom proboye prozrachnykh sred. (Preprint).

(The role of absorbing inhomogeneity in an optical breakdown of

transparent medial) Chernogolovka, 1972, 10 p. (KL Dop vyp,
4/73, no. 7811),

Askar'yan, G. A. Particle motion in a laser beam. UFN, v. 110,
no. 1, 1973, 115-116,

Askar'yan, G. A., V. A, Namiot, and M. S. Rabinovich. Using

supercompression of material by reactive pressure for obtaining

microcrystallic masses of fissionable materials, to generate super -

strong magnetic fields, and for particle acceleration. ZhETI" P,
v. 17, no. 10, 1973, 597-600.

Grasyuk, A. Z., I. G. Zubarev, V. V. Lobko, Yu. A. Matveyets,
A. B. Mironov, and O. B. Shatberashvili. Relationship of two-

photon absorption in GaAs to light pulse duration. ZhETF P, v. 17,
no. 10, 1973, 584-587,

Sinitsyn, A. P., V. A. Krivilev, Yu. V. Sidorin, and V. A. Upadyshev.

Stresses in rods resulting from electromagnetic radiation. PM, v. 9,
no. 5, 1973, 109-114.

Strekalov, V. N. Quantum kinetic equation and variation in threshold

conditions for impact ionization by light, FTT, no. 5, 1973, 1373-1377.
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ii,

Sultanov, M. A., and V. A. Ageyev. Investigating the destruction

of pelymeric films due to laser radiation. DAN TadSSR, v. 16,
no. 4, 1973, 25-28,

Volod'kina, V. L., K. I. Krylov, M. P. Libenson, and V. T.
Prokopenko. Heating an oxidizing metal by CO2 laser radiation,
DAN SSSR, v. 210, no. 1, 1973, 66-69,

Zhiryakov, B. M., N. N. Rykalin, A. A. Uglov, and A. K. Fannibo.
Laws governing material ejection from a laser radiation interaction

zone. IN: Sb. Kvantovaya elektronika, no. 1(13), 1973, 119-121,

Beam Plasma Interaction

Anan'in, O. B., Yu. A. Bykovskiy, Yu. P. Kozyrev, and A. S.
Tsybin. Obtaining laser plasma ion acceleration in a cyclotron.
ZhETF P, v. 17, no. 9, 1973, 460-463.

Goncharov, V. K., L. Ya. Min'ko, Ye. S. Tyunina, and A, N,

Chumakov. Experimental study of optical properties of an erosion

laser plasma in the interaction zone. IN: Sbornik, Kvantovaya
elektronika, no. 1(13), 1973, 56-62.

Kaliski, S. Averaged equations of laser implosive compression of

D-T plasma with ablation of the heavy envelope with fusion heat being
taken into consideration. IN: ibid., 35(307)-45(316).

Kaliski, S. On a simplified case of thermal concentric compression

of matter with ablation, using an averaged description. Bulletin

de 1'Academie Polonaise des Science, serie des sciences techniques,
v. 21, no. 4, 1973, 45(317)-53(325).
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Yampol'skiy, Yu, P. Izlucheniye lazera i khimicheskaya
reaktsiya. (Laser radiation and chemical reactions), Moskva,
Izd-vo Znaniye, 1973, 64 p.

Zhuravlev, V. A., and G. D. Petrov. Two-photon optical scattering

spectra in an electron plasma. OiS, v. 34, no. 5, 1973, 1012-1015. 1




2. Effects of Strong Explosions

A. Abstracts

Zlatin, N. A., A. A. Kozhushko, V. A,
Lagunov and V. A, Stepanov. Method of

¥ measuring pressure in a discharge channel
during electrical impulse breakdown of solid
| dielectrics, ZhTF, no. 12, 1972, 2618-2620.
’ Experimental determination is described of pressure P in a

discharge channel formed by electrical breakdown of plexiglass. Breakdown
‘ was induced by applying 650 kV voltage pulses to electrodes imbecdded in
a plexiglass specimen. Propagation of the breakdown-initiated waves and

development of the specimen fracture was recorded by high speed motion

‘ picture camera and a Schlieren photographic system. Typical frames
are shown of the electric breakdown at discharge current periods of 1.1
’ and 5.7 psec,
i The pictures were used to calculate p by two methods. The first

method consisted of measuring propagation rate of the lei.ding shock wave
‘ generated by the first voltage pulse, then determining shock wave

amplitude at the time of separation from ‘he channel walls, i.e., p on the

walls, using the computed values of the shock wave propagation rate at
i t = 0 and the shock adiabat of plexiglass. A second method, applicable
in the case when material strength is negligible, uses the experimental

| initial growth rate of the channel radius, which is equated to the mass vrlocity

|
o

behind the shock wave front. Both methods gave approximately the sar:e
! p value of about 30 kbar.

-13 -
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Rabinovich, V. A., L. M. Burshteyn, and
N. M. Akulova. Thermodynamic properties

nf solid para-hydrogen at 0 to 25° K temperatures
and 1to 500 bar. IN: Sbornik. Teplofizicheskiye
svoystva veshchestv pri nizkikh temperaturakh,
Moskva, 1972, 31-.9. (KZhKh, 3/73, no.
3B683). (Translation).

The equation of state for solid parahydrogen is formulated
on the basis of thermodynamic correlations. The method of establishing
the equation of state from thermal and caloric experimental data is
developed. The equation was used to calculate thcrmodynamic properties
of solid para-hydrogen within a specified range of parameters, and to
plot the phase diagram. The calcul- d detailed thermodynamic data

are tabulated.

Romanov, I. D., and V. V., Sten'gach.
Sensitivity of PETN to electrical sparks.
ZhPMTF, no. 6, 1972, 152-155,

Experimental data are given on the 2ffect of PETN and
discharge circuit characteristics on sensitivity of PETN to electric
sparks. Sensitirity is defined as the amount of energy W50 released
in the spark gap which is sufficient to detonate 50% of the explosive charge.
Study of sensitivity is important for development of safety measures and
regulations of the practical uses of explosives. In the experiments,
frequency of explosions was determincd as a function of released energy.
Explosions were initiated by discharge of a capacitance connected across

the spark gap. The electrodes were mounted in a chamber into which PETN

il




was pressed. At a 0.05pH minimum inductance of the discharge
circuit, 90%

of stored energy was released in the spark gap during 10_8
sec. The experimental plots show that W50 increases, i.e., sensitivity
decreases, with an increase in PETN crystal size from 2.4 ¢o0 100 K,
an increase in its density from 0.9 to 1,40 g/cm3, or increase in its

moisture content from 0 to 3%. The tabulated data show that W

50
decreases from 27.0 to 4.5

inj when the temperature is raised from
203° 10 323° ), The spark gap length dependence of W

minimium at a 0.2-0.3 mm gap (Fig. 1).

I /
/
s x\ — 4 '

—T

50 exhibits a

.24

225 &0 a7

Fig. 1. Energy W50 versus electrode gap
length: PETN average crystal size-2-3,
density - 1.1 g/cu. cm.

An increase in Wi from 6.5 to 500 mj was observed when

inductance was increased from 0. 05 to 0.68 uH. A large increase in the

energy release rate with decrease of inductance is the result of an increase

in shock wave velocity. Detonation initiation in PETN is explained in
terms of generation of a shock wave Ly powerful spark discharge and the

thermal effect of electric discharge. Thermal effect is evidenced by the

increase in W50 with the decrease in temperature, humidifying of PETN

or shortening of the interelectrode gap to less than 0.2 mm.

L
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Barmin, A. A., and Ye. A. Pushkar'.
Adiabats of ionizing shock waves in an
i incli:ed magnetic field. MZhiG, no. 6,
1972, 102-106.

For the case of an arbitrarily oriented magnetic field, the
conditions on an ionizing shock wave are established, taking into account
certain supplementary relations dependent on the structure of the shock
wave. Using Ohm's Law and the continuity of a tangent of the electric
field resultant, the authors obtain the conservation laws for mass, momentura

and energy. Dimensionless variables are introduced and "he unknown magnetic

field parameters are expressed in terms of the pressure jump AP, magnetic

field jump Ah and sz where sz is the velocity behind the shock wave. The

relation connecting &h, AP and szzis derived, which is used for determining
the adiabats. Qualitative character of the adiabat for normal ionizing shock
' waves is illustrated both for subsonic and supersonic slow shock waves,

The behavior of the adiabat for an ionizing shock wave in an oblique

magnetic field, both for subsonic and supersonic waves,is also presented.

Zhikhareva, T. V., and G. K. Tumakayev.
Temperature of electron gas in precursors,
ZhTF, no. 12, 1972, 2602-2604.

Temperature Te of electron gas in front of a shock wave
in argon and xenon is calculated as a function of distance y from the front
for Mach numbers M = 10-22. Calculations woare made using a set of
kinetic equations of electron gas and populitions of the 1P1 and 3P1
resonance states of A and Xe, and the energy balance equation of electron

gas. In the latter equation, allowance is made for thermal effect of the

§
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P1 and 3P1 de -excitation by elastic electron-atom collisions and energy
losses in the atom ground state excitation and in ionization of excited
atoms. The calculated Te(y) plots show that, for long y, the Te relative
variations are insignificant due to the energy elastic scattering. In
contrast the Te increase near the shock front in A and Xe is significant,
hence the excited atoms ionization must be accounted for. Te(y) plots are
given, accounting for either st.p-by-step or direct ionization of excited
atoms. The latter calculation gave the lower estimate of Te' Energy
losses by excitation of the ground state atoms are connected with the
resonance radiation diffusion, which was taken into account in calculation
of the 01 state excitation rate. In summary, a strong deviation from
the electron-atum thermodynamic equilibrium is established in a cold inert
gas ahead of the shock wave front. It follows that Te in plasma can be

much higher than the atom temperature.

Novitskiy, Ye. Z., O. A. Kleshchevnikov,
V. N. Mineyev, and A. G. Ivanov. Shock
3 PbT103, and
LiN_ng3 ferroelectric crystals., FTT, no. 1,
1973, 310-311.

wave depolarization of BaTi0

The effect of shock compression on polarization characteristics
of the subject crystals was studied experimentally. Plane shock waves from
detonation of an explosive charge in contact with a steel grid acted as the
compressive load. Analysis of the oscilloscope traces of depolarization
current i(t) generated by shock loading indicated that depolarization of all
studied crystals by weak elastic waves (p; = 12-20 kbar) decreases with
increase in ferroelectric hardness. The integral electric charge Q generated

during propagation of a shock wave in a sample amounted to~0. 1PS and

s




<10-3 PS for BaTiO3 and PbTiO3 or LiNbO3, respectively, where PS is
,r spontaneous polarization. The following second compression wave
(p2 = 110 kbar) generated Q = 0.9-1, OPS in the external circuit when using

PbTiO3 and LiNbO3 crystals. The current i(t) during propagation of the

# second wave i121 LiNbO3 increased significantly, a fact which indicates an
increase to 10”7 €o in dielectric constant of the crystal behind the shock
‘ front,
4
! Pilyugin, N. N. Radiant heat flux ;!
distribution on 4 spherical surface 1
i in hypersonic streamline flow of an i
k inviscid radiative gas. ZhPMTF, i
no. 6, 1972, 44-49. H
i ?
Flow of a hypersonic, inviscid, thermally nonconductive 11
l radiative gas flow around a sphere is analyzed in a Newtonian approximation 3
i
to calculate radiant heat flux q, to a sphere of radius R. A set of equations
' which desrribe gas flow between a detached shock wave and the sphere is
solved under the condition of ttagnation. The final solution to the gas l

dynamic problem is obtained in an approximation of volumetric de-excitation 4
l by initroducing the dimensionless parameter b of radiative energy losses.
Thus all gas dynamic parameters of the shock layer, including shock wave
l separation y, arc formulated as functions of b, The formulas for b and the :
enthalpy are used to derive the expression of 9R in a two-dimensional layer
! of thickness equal to Yo assuming the shock layer to be thin, Analysis of
this expression led to the conclusion that in a weakly radiant gas (b Suls
4 is proportional to R and decreases fairly rapidly with increase in the ;
angle 8 of observation. Ina strongly radiant gas (b > 1), 9R is equal to
half the kinetic incoming gas flow and is independent of R, In both cases,
the ratio of QR at @ # 0 vs, 9r to the stagnation point is independent of b and
R. Earlier numerical calculations of 9r and Ys are in satisfactory agreement

with the cited conclusions.
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Arutyunyan, G. M. Calculating critical

point pressure during shock wave impact

on a supersonic configuration, MZhiG,
no. 6, 1972, 94-101.

The interaction of a shock wave with a blunt s etric
ymm

body moving at supersonic velocity is analyzed. The principal aim of the

Y

article is to show that under certain conditions the pressure of a primary
reflection at the critical point of a blunt body can be determined on the

basis of one-dimensional shock way e theory. Two limiting cases of one-
dimensional gas flow behind the shock wave are considered: 1) The
parameters of the gas are those of the shock wave, which moves with the
velocity of the blunt body; 2) The parameters of the gas are the same as the
parameters behind the shock, where the flow velocity is equal to the velocity

of the moving blunt body. It can be assumed that the difference between the

maximum value of the real pressure at the critical point and the pressure
determined by one of these two one-dimensional flow schemes wili be smaller
than the difference between the pressures determined on the basis of the

two one-dimensional flow schemes. The value

n=p./p- (1)

where p_ and p+ are pressures of reflection at critical point calculated on

the basis of the ..rst and second one-dimensional schemes respectively, is
considered as a measure of .he maximum error stipulated by the application

of the one-dimensional shock wave theory. Calculation of 1 depends on solution
of a sixth degree algebraic €quation and can be solved only by numerical
methods. Analytic expressions for the maximum N are derived in the case
when Mach number M increases without bound. The applicability domains

for these asymptotic expressions of error N are analyzed and the results
obtained are presented in graphs. Conditions under which secondary

reflections of shock waves at the critical point are possible are also

exXxamined,
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Pavlov, V. G. Using approximations of thermo-_

dynamic functions in gas dynamic calculations.
MZLtiG, no. 6, 1972, 173-176.

It is pointed out that in the analysis of hypersonic flows,
the model of an ideal gas with constant thermal capacity cannot be used
because the equation describing the physicochemical processes in high
temperature gas must be added to the system of gas dynamic equations.,
The obtained thermodynamic functions can be represented only by means

of very curnbersome tables and therefore are very inconvenient for computer
calculations.,

The thermodynamic functions are approximated with a certain
error, which affects the calculation accuracy. In the present article the
effect of these errors on the calculation of Prandt] -Mayer supersonic gas
flow around a blunt cone is analyzed. It is shown how the relative error
in pressure of Prandtl-M:yer flow can be derived. This error is proportional
to the total approximation error €, the turn angle 8 - 90 and increases with
the increase of Mach number. At small @ - 90 angles this error is also
small, however at (8 - eobl the error can exceed the approximation error

by several times. Calculated results for several hypothetical cases are

given graphically.

Golovachev, Yu. P. Convective and radiative

heating during hypersonic flow around blunt
bodies. MZhiG, no. 6, 1972, 169-175.

In a study pertinent to reentry problems, the effect of
radiation and absorption of energy in a boundary layer upon the radiation

heating, and the effect of radiation upon the thermal flow at the leading

-20-




critical point of a blunt body is analyzed. In view of the wide range of
conditions for entering the Earth atmosphere, calculations of viscous
and nonviscous flows with and without radiation are carried out. It is
assumed that the gas in a shock layer is in a state of local thermodynamical "
equilibrium, and that pressure variation across the shock layer can be

neglected. A system of equations with corresponding boundary conditions

is developed describing the motion of a viscous radiating gas in the
neighborhood of leading critical leading point of a blunt body. The equations
of motion of a nonviscous radiating gas can be obtained from these equations.
Characteristics of these equations ‘as well as of boundary conditions are

analyzed.

The calculation of viscous and nonviscous flows is reduced
to the solution of a system of two nonlinear ordinary differential equations
of the second and first order, respectively. Methods of finite differences
and of successive approximations were applied to the solution of these
equations., Calculation were carried out for TS = 10,000; 12,500, and
15,000° K. The radius of bluntness and the pressure in the shock layer
were varied within the ranges 0.15m <r <3 m and 0.1 atm < p < 10 atm,
The calculation results are given in the form of four graphs, and are

discussed for each assumed set of conditions. L’

Petrov, N. G. Errors in explosion model-

ling. Gornyy zhurnal, no. 12, 1972, 49-51.

The sources of errors are discussed in modelling explosions
in rocks on the basis of dimensional and similarity theories. Most errorsare

attributed to inaccurate physical reproduction of the rock fracture

e

process. The modelling errors analysis, based on the fundamental principles

of explosion physics, led to the conclusion that substitution of artificial models
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for natural material is the main source of errors, since physical
characteristics of the fracture process are thereby distorted. In any
given case, the experimental model design has to be based on scientific
analysis of physical aspects of explosion and fracture. The geometric
modelling of fracture and crushing of cohesive soil and rocks developed
by G. I. Pokrovskiy is outlined as the most accurate method. The method
can be applied to both natural and artificial materials. In the latter case,
only approximate modelling of the {racture volum: is possible, on
condition of strict geometric similarity of dimensionless characteristics.
The outlined method of modelling artificial materials can be used to study

the effects of charge disposition, fuse delay magnitude, and related

characteristics.

Zhilenkov, V. N. Method of determining
extent of cracks in rock. Otkr izobr, no.

2, 1973, no. 362209, {(Translation).

This author's certificate introduces a method of determining
the extent of a crack opening in rock by measuring flow rate of a liquid
pumped into the bore-hole in the rock. According to the inventor the
accuracy of the mcasurement is increased by successive displacements of
an elastic balloon inside the bore-hole with simultaneous pumping of liquid

into the balloon. Flow rate of the pumped liquid is measured at the moment
the balloon bursts at the crack mouth.
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Azarkevich, Ye. I. Application of similarity

theory in calculating characteristics of electric
explosion of conductors. ZhTF, no. 1, 1973,
141-145,

A fairly simple and precise method is presented for calculating
an LC circuit which includes an exploding conductor, by means of similarity
theory. The multi-factor dependence of the current intensity i is reduced
to two-variables dependence by introducing dimensionless time 7, current
amplitude y, and resistance m into known equations for i, R, and the

""'specific effect' h(t).

In the initial phase of an electric explosion, when R of the
exploding conductor is a single-valued function of h, the dimensionless
T™m Yap and m,, values at i maximum can be expressed as functions of two
similarity criteria: dimensionless m_ = poll/zs and p = WO/zs2 amp x coul/
mm , where p0 , £, and s are the initial resistivity, length, and cross-
section of the exploding conductor, z = \IL_C is the wave impedance of the
circuit, and W0 is the initial energy of the capacifgr. A111/3cged functions
are described by the empirical formulas x = A(10 Pm ) where x is the
unknown quantity, A and & are the constants. Analysis of experimental data
of different authors for Cu, Al and Ag indicated that m_ and p criteria are
applicable over a wide range of initial conditions, Accuracy of ye and TM
determination is £ 15%; that of €0 = WM/W0 is £ 30%. The cited empirical
formulas can be used in designing devices and planning experiments with

electric explosion.
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Baykov, A. P., A. M. Iskol'dskiy, and

Yu. Ye. Nesterikhin. Electric explosion

of wires at a high rate of energy input.

l ZhTF, no. 1, 1973, 136 -140.

Experiments with electrically expioding tungsten wires

are described, which were designed to verify the feasibility of suppressing

low-mode magnetohydrodynamic instabilities by increasing energy input

W to a value near the sublimation energy. In the experiments the rate of

dW /dt was increased from 10'° to10'} jlg. sec.

Voltage at the wire was

monitored by an ultrahigh-speed oscilloscope with a special CR tube.

Explosions were recorded photographically, synchronously with the
oscilloscope traces. Typical voltage traces and photographs of the wire
luminescence indicate that at dW/dt > 10-° j/g.sec., the low-mode MHD

’ insvabilities are absent during the first 35 nsec following the explosion of

a wire with diam = 1, 2x10-3 cm. in water or air. The R(t) of the wire

during the first 25 nsec depends on the wire properties and geometry only,

The W and dW/dt dependences of the wire R revealed a steady decrease in
R* at Wt~ 5,3x10

J, i.e. near the m.p. of tungsten, when dw/dt is

! increased. The criterion of this effect is formulated as the near equality

of the energy of fusion to dW/dt during the time necessary for the unloading

wave to reach the wire axis. The cited experirnental data can be used in
development of the large

-area distributed detonators based on exploding foils.

Zhdanov, V. A., V. F. Konusov, and A. V.

Zhukov. Equations of state for copper, silver,

gold, aluminum, nickel, and lead. IVUZ Fiz,
no. 1, 1973, 66-70.

Semiempirical equations of state for metals with a cubic lattice

were derived from the expression of a function of metal bond energy together
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with experimental lattice constants, elastic moduli, and the equation of
state for hydrostatic compression. The condition was also formulated of
thermodynamic stability of crystal lattice. The equations of state thus
derived can be used to analyze mechanical characteristics of the cubic
crystal lattice under complex stress, and over the entire region of
elastic deformation. The parameters of mechanical failure of cubic lattices
can be evaluated with the use of the thermodynamic stability condition. The
cited possibilities were illustrated by the analysis of uniform extension. In
this case, the tensor equations of state and the thermodynamic stability
conditions are reduced to a single equation which correlates negative pressure
P with density p and to three inequalities, respectively. The tabulated P

and p values at which lattices of the six metals become thermodynamically
unstable show that lattice strength is about 0.2 of the shear modulus value,
when p decreases by 10%. Typical equations of state for Cu, Ag, and Au

are plotted in P/C44 - p coordinates.

Kanunnikov, L. A., and I. G. Mikhaylov.

Feasibility of calculating a second virial

coefficient for polyatomic gases on the

basis of acoustic data. VLU, no. 22, 1972,
144 -146.

Theoretical analysis shows that the second virial coefficient
B(T) of polyatomic gases, e.g., freons, can be calculated exclusively
from the experimental velocity c of sound data, if temperature T is at
least of the order of room temperature. This indirect method of calculation
is preferable to the direct method using the more cumbersome P-V-T
measurements. The method is detailed for the case of F-21 freon. First

the function b(T) in the known c(P) formula was calculated for the range of
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T = 350-450° K using experimental low frequency c data from the literature.

Then, assuming Vav = Cp/Cv = 1,135 and b(T) in polynomial form, the
formula

"B (T) =325 —.

261 000
r (1)

was obtained. Calculation by a direct method using the experimental density

p data gave the empirical formula

268 000
B, (1)=310 ~ == (2)

The BC(T) and Bp(T) plots calculated from (1) and (2) are shown to be in
good agreement. The plots are extrapolated to 290° K,

Malyshev, V. V. Equation of state for UF6

at densities to 0,01:80 g/cm3 and temperatures

to 367°K. Atomnaya energiya, v. 34, no. 1,
1973, 42-44,

Isochores for UF, in the 296-367° K range and saturated vapor
pressure curve pS(T) are plotted from experimental p-T data at constant volume,
The experimental P data are approximated by the equation

8
Ig py=12,22 00—2(;&—0 0025309 T, (1)

with accuracy better than 0.5%. Densities P, of saturated UF6 vapors and
heats of sublimation r of solid UF6 are tabulated for T = 296-327.6° K. The
P, and r data were determined by extrapolating isochores to the P (T) curve

and from the Clausius-Clapeyron equation using Eq. (1), respectwely The
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error of r determination was less than 0. 7%. The experimental p-()-T

data thus obtained for UF, vapors in the region remote from the critical

point are described by the equation of state in the form

= . 2,197.108
pu/pRT-1+(3,9*_ ) e. @)

The difference between the experimental data and those calculated from (2)

is not over 0.2-0, 3%,

Fortov, V. Ye. Equation of state for con-
densed media. ZhPMTF, no. 6, 1972,
156 -166 .

Formulation of a complete thermodynamic equation of state

fcr condensed media is described. The caloric equation of state

EV(P, V)= 212 eaV*P!
k+i<g (1)

where E is the internal energy, is used to calculate dP/dV and dT /dV,

which are expressed by ordinary differential equations. Eq. (1) formulated
on the basis of dynamic experimental data can be used for hydrodynamic
calculations. Additional equations T = T(P, V) which are derived from the
second law of thermodynamics, complete the thermodynamic description of
a given system without imposing limitations on the properties, nature, or
phase composition of the studied medium. Equations of state for Cu, W, and
LiF were then formulated using the cited universal method together with
experimental shock compression data. The Hugoniot adiabats calculated for

Cu, W, and LiF from (l) and the Rankine -Hugoniot equation show agreement

with the independent experimental data. Temperature T(V/VO) and yY(P) plots




/i . T e il e . - E & -y -~ O i

e

calculated by the cited method also agree well with the corresponding data
calculated from the Mie-Gruneisen theoretical model. Statistical analysis
by the Monte Carlo method revealed a 5-8% error in T determination of

the shock adiabat for condensed media of [orosity m= 1,

Tolokonnikov, 1.. A,, and G. T. Volodin.
Calculating point explosions in various active

media. PM, v. 9, no. 1, 1973, 15-19,

Dimensionless density y, velocity z, and pressure h are
calculated for a perfect, inviscid gas set in motion by a point explosion
with finite energy Eo in the center of motion symmetry. The point explosion
problem is formulated by a set of two ordinary first order differential

equations. The equations were derived from differential gas dynamic

equations using integral equations of mass conservation and Eo' The derived
equations, with the initial condition in asymptotic form, were solved by
numerical integration using the Runge -Kutta method. Numerical values

were thus obtained for the functions R(q) and 0(q), where R = r?_/r0 is the

dimensionless radius of the shock wave, q =(x P /pl) /D, ® is the adiabatic
exponent, D= dr,/dt,

o,=2n(v—1)+(v—2)(v—13) (1),

and V is the parameter of motion symmetry (V = 1, 2, and 3 for plane,

cylindrical, and spherical symmetry, respectively). The R(q) functions

are plotted for v =1, 2, and 3, % = 1.4 and the energy densities Q1 at the
shock front = -4, 2x104 to 4, 2x104 j/kg. The dimensionless y, 2, and h values
calculated from the R(q) and 0(q) values exhibit a significant dependence of

the solution on v, %, and Ql parameters,
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Sinkevich, O. A., and O. S. Popel'. Possibility

of generating a secondary shock wave from one-

dimensional dispersion of actual detonation

Products in a medium with counterpressure., IN:

Trudy Moskovskogo energeticheskogo instituta, no.
115, 1972, 21-32 (RZhMekh, 1/73, no. 1B159).

(Translation),

The calculation is presented of the place of origin and

propagation of a secondary shock wave, from one-dimensional dispersion

of condensed explosive detonation products into a gaseous medium under
a finite pressure. The calculation was simplified by assuming the Pcisson
adiabatic exponent to be equal to three, which means that nonisentropicity
of flow behind the secondary shock wave was not accounted for in the

calculations. For this reason the calculations are valid only for the initial

interval of detonation products motion.
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Shock Wave Effects

Afanasenkov, A. N., and I. M. Voskoboynikov. Sensitivity of

ballistite powder in shock wave initiation. FGiV, no. 2, 1973,
331-332,

Andreyev, A. F., and A. E. Meyyerovich., The structure c:
shock waves. ZhETF, v. 64, no. 5, 1973, 1640-1652,

Gendugov, V. M. Heating of a thermally conducting liquid behind

a shock wave during combustion in a boundary layer. FGiV, no.
2, 1973, 291-295,

Gerasimenko, L. I. Effect of preliminary cold prehardening on

shock wave hardening of nickel foils. IN: Trudy Volgogradskogo
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