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ABSTRACT

This report (comprehensive report with annotated bibliography) is based on Sov.e.-
Satellite open sources published 1957-1964, although some earlier articles are includec.
It is the first in a series of reports reviewing theoretical studies in 1lifting reentr-.
Part I (Reentry and Recovery of Soviet Manned Space Vehicles) was published as ATD
Report P-64-60 (29 October 1964) and dealt vith descriptions of launchings, flights,
and 'reentries of Vostok-type space vehicles. Part II comprisea two sections: Sectio:
I--a comprehensive report, and Section II--an annotated bibliography. Although the :wo
sections are bound in one volume, they are independently paginated and have separate
tables of coutents, Section I (62 pages) is a comprehensive review of sources on thec-
retical and experimental studies of problems in fields of space aciences, i.e., problems
of 1ifting and ballistic hypervelocity flight, and atmospheric reentry techniques.

There are four parts following the Introduction: Group A. High-speed aerodynamics and
gas dynenrics; Group B, High-speed sesrothermodynamics; Group C. High-apeed flight mechan-
ics; Group D. Strength of flight-vehicle components (thin and sandwich plates and shells'.
A brief conclusion is given. In writing this report articles and monographs having a
closer relation to the reentry problem and showing either an original approach to the
problem or a new method applied to its solution were selected from the bibliography anc
used. Section II (304 pages) is an annotated bdbibliography containing 861 entries
arranged by subject in a manner similar to Section I: Group A. Aeromechanics of high-
speed flowe (451 entries); Group B. Aerothermodynamics of high-speed flows (168 entri-: .
Group C. Flight mechanica (53 entries)i Group D. Strength of space vehicle components
(175 entries); Group E. Miscellaneous (14 entries). Within esch subject group, the

’ﬁ entries are further arranged chronologically by year of publication and source. There

are three appendices to Section II: Appendix A. List of Source Abbreviations, Appendix
B. Glossary of Abbreviations, and Appendix C. Alphabetical Index of Authors and Associa-
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FOREWORD

The present document is the first in a series of
reports on atmospheric reentry. The report 14 based on
Communist wWorld open technical literature avallable at
the Aerospace Technology Divisicn in the Library of
Congress, covering primarily the period {rom 1 January
1957 to 31 December 1904, Some earlier articles (the
earlieat of July 1942 to December 1956) have been in-
cluded. .

Part I: Reentry and Recovery of Soviet Manned Space
Vehicles, published as ATD Report P-64-60 dated 29 QOctober
1964, deals with descriptive aspects of reentry probleas,
It covers the period between 1959 and 1964 and is based
mainly on general technical literature and articles in the
daily press of Communist countries on the launching of
Soviet space vehicles,

PartII: The present report (No. 1 in this series)
comprises two sections. Section I is a comprehensive re-
view of papers published in Communist World scientific
sources on theoretical and experimental studles relating
to the problems of 1ifting and ballistic hypervelocity
flight, and atmospheric reentry techniques. The materials
on which this review is based have been arranged accordirg
to their content, as shown in the Table of Contents of
Section I. All the papers reviewed were selected fronm
Section II, which 1is an annotated bibliography eontaining
gbl entries, The arrangement of this bibliography is as
follows: The entries are divided into groups according to
a fairly detailed subject matter breakdown (see Tabdble of
Contents, Section II). Within each subject group, the en-
tries are further arranged chronologically by y2ar of pube
lication and source,

Both sections of Part II, the comprehensive review
and the annotated bibliography, are here bound in one vol-
ume, wWith a colored separator sheet between them, The two
sections are independently paginated: Section I thus
contains pages 1 - 62, and Section II pages 1 - 304, Appen-
dices A, B, and C, located at the end of Section II, con-
8ist respectively of a Liast of Source Abbreviations, a
Glossary of Abbreviations, and an Alphabetical Index of
Authors and Associations,

This Report will be followed by Report No, 2 of
Part II which will also include ballistic reentry ind will
have the same arrangement as Report No. 1., It will conteain
" infor. ation published on the topic in the Communist world
during 1965 and the first half of 1966, The entries in
the annotated bibllicgraphy in Report No, 2 will be numbered,
starting with No, 1001,
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- INTRODUCTION

The fields of science pertinent to the techmology of the lifting
resntry osn be divided into the following priniepal groups:

A - u'w\-meed aerodynamics and gas dynamics, including rerefied-
@8 flows and deaign of minimm-drag bodies;

B - High~-speed aerothermodynamics, including kinetic heating,
injection cooling, anxd ablation shielding;

C - High-speed flight mechanics, including orbital and reentry
mechanics, flight dynamics, oscillatory motion of flight
vehicles, and metecarite hazards;

D - Strength of space vehicles, 1.e., dynamic ard therral stress
ses of their components, mainly thin (solid, and sandwich-
type) plates and shells

A more detailad brealciown of these groups can be found in the table of
contents of this comprehensive report.

The articles and monographs having a specially close relation to
the problem of reentry and showing either an original approach to the
problem, or a method of its solution have been selected fram the armotated
bibliography and used in writing this comprehensive report. Kinetic
heating with subsequent radiation, dissociation, ionization, and recom-
bination processes in the air flow, and ablation and sublimation of the
vehicle material are widely discussed topics related to the elements of
the reentry process.

When reviewing the Soviet-Bloc literature one gets an impression of
even more thorough discussion of topics associated with protection against

the kinetic heating - porous cooling, ablation shield and thermal
insulation — than of the kinetic heating itself. g,

Considerable attentiun is also given to problems in high-speed
flight mechanics (see group C in the table of contents). The open scien-
tific and technical literature associated with lifting-reentry elemants
leaves one with the impression that the scientists and engineers of the
Soviet Bloc are capable of develcping methods which will result in ad-
vanced reentry techniques.

Tre term "fligit vehicle” is used in its broadest sense amxl includes
spacecraft (space vehicles) and aircraft. The term "aircraft" encom-
passss airplanes, rockets, etc,
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Group A. iIGH-SPEED AERODYNAMICS AND GAS DYNAMICS
1. Lift and Presswe Distribution

The distribution of 1ift and presswe over bodies in high-speed gas
flows are very important to an aircraft designer. Around 1955 there were
two methods for determining the pressure distribution over bodies of revo-
luation: 1) a method of linearizing the equations of motion, and 2) a
method of characteristics. At that time A. A. Dorodnitsyn proposed & new
method [269], based on approximate integration of equations of axisymmetric
flow characteristics, which is applicable for small and large Mach mnumbers.
The pressure distribution over an axisynmetric sroitrarily shaped body
and other parameters in a plane-parallel superscinic flow with a detached
shock wave are discussed in detail by O. M. Belotserkovskiy [282], who
presents B critical survey of previous studies and various approaches to
this problem. A mixed turbulent flow of a campressible gas in the region
between the shock wave ard the oi»fuce of the body 13 snalyzed as well as
the boundary-layer characteristics in that region. 2 computation method
(based on Dorodnitsyn's method of integral relations) of reducing the
problem to a numerical solution of an approximating system of ordinary
differential equations is introduced so that the final vesults can dbe
obtained with a desired degree of accuracy by using electronic computers.
The rarameters of a flow with a detached shock wave at M, = 3.0, 4.0,
and 5.0 past a circular cylinder are computed, and the results are pre-
sented in tables and dlagrams.

The pressure distributiocn above airfolls in supersonic and hypsrsonic
alrflows has been investigated by E. Caratoll [387]; he glves some prec-
tical considerations in deriving a solution for a range of Mach
nurbers from M = 1 up to the Newtonian region (M,+ =). Expressions for
pressure coefficients in flow behind a shock wave and for the Prendil-
Meyer expansion are derived and used for determining the asrodynamdc
characteristics of an sirfuil (e.g., lift, moment, wave-drag coefficients).

The lifting force in rarefisd-gas flows at hyperscnic speecds is dis-
cussed in [12U4], and it is shown thut the lift of large bodies {wedge,
cone, etc.) at hypersonic speeds and arbitrary Knudsen nurbers can be
negative at any angle of attack between 0 and 90°, It is proven that
this statement is applicable to a hypersonic flow of a cantinmam past
bodies when the pressure distribution over the body can be deterwined
by the Newtonian flow theory. .'

The qualitative anslys!s nf slip-flow effects (the order of values
of velocity and temperature jumpe at the walls of a body) in a slightly
rarefied-gas flow is presented in [205]; the effects of interection and
slip on flow parameters (friction, pressure) in a fiow past a thin wedge
are discussed, and the appiicability of the bourdary-layer theory is ocon-
sidered. The effect of velocity and temperature jumps on the hast trens-
fer between the body and the heated basic portion of the boundary layer
(where the tenperature is proporticnal to the squared Mach mmber at in-
finity) is examined. The atmospheric entry of a space vehricle is thw
final and most forwidable problem for a spacecraft retuming either from
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travel in space or from orbiting. An attenpt to determine the effect

of thermal rediaticn onthe entry parameters is made by applying the rela-
tionships which are usad in determining the parameters of a gas heated by
a shock wave in & hypersonic flow past 2 slender body.

The solution of the entry problem of a slender body moving at high
hypersonic speeds into the dense layers of the terrestrial atmosphere is
presented in [427]). I% i1s shown that radiation greatly influences the
temperature and density distribution in the flow, whereas the pressure
and velocity are less affected; numerical results of a calculation of the
radiation effect on the flow parameters are presented in tables and diagrams.

The hypersonic similitude of temperature profiles in bodies during
atmoapheric entry at high velocities 1s discussed in [585]). The similitude
conditions are examined, and it is found that the temperature profiles on
the preater part ~f the entry trgjectory (8o long as the velocity is
tically constant) can be determined by only one parameter. The effects
of radiatvve heat excnange {with Sun, Earth, etc) and aerodynamics heat
flow are exsmined, and the similitude parameters of temperature pro-
files in the presence of mass ablatlon, taking into conslderation physico-
chenical transformaitons in the body msterial, are determ'ned and discussed.
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2. Radiation, Dissociation, Ionization, and Recombination
Prooesses in Gas riuws

With the increasing kinetic heating of a zas, the processes of redis-
tion, dissociation of molecules, and lonization and recombinstion of atoms
take place in it, which affect the gas-flow parameters in many ways. The
hypersonic flow of a radiating sas behind a shock wave in the vicinity of
the stagnation point of a blunt body is studied in {133] taking into con-
sideration the absorption process; the effect of the radiation (most essen-
tial in this region because of high temperatwres and low velocities) on the
flow parameters 1s investiyated. The dependence of the extent of the redia-
tion influence on the absorptlon coefficient and the optical thickness of
the shock layer, as well as on the peometric parameters of the body, re-
sults in the effect ~{ radiation growin: with increasing absorption coef-
ficient and body dimensions, and diminishing with increasing optical thicke-
ness of the shock layer.

The study of the dissociation process behind a shock wave facilitates
the analysis of transient pruocesses in perfect gases. The nonequilibrium
dissociation of a two-componient gus mixture, consisting either of two
diatomic or one diatomic and one monatomic pas is analyzed in [137]), and
the results of a numerical calculation of prccess parameters (temperature,
density, width of the relaxation regpion) for an oxygen-argon mixture at
M_ = 10.2, p, = 10 mm Hg, and T = 298°K are dlscussed and 1llustrated by

agrams. when alr passes throwsh a very strong shock wave, it acquires
a plasma state, and the processes of «tom ianization and recombination take
place in it. An analysis of these processes is presented in [S4l]. For-
mulas are derived for the coefficients of lonization by electron impact
in the hot air from all energy levels, and for the coefficients of recom-
bination (in cases of recombination with emisslon of & quantum of radia-
tion, and as result of a three-particle collislon) by using the hydrogenic
approximation. The application of these formulas to thwe ilonization and
recombination of corplex stoms is discussed, and an expression for a cor-
recting factor (for the ionziation coefficient) taking account of the
multiplicity of the atom is given. The variation of the parameters of a
£as passing through a strong shock wave and the equilibrium behavior of
the gas behind the shock are discussed in [94], using the equations of
state conservation and relaxation as the initial ones. From an approxi-
mate solution of these equations (assuming a constant heat capacity), the
width of the nonequilibrium~dissociation region is determined, as well
as variations of gas parameters (e.g., density, temperature), in the equl-
librium state and during the relaxation process. The gas-dissociation
processes in the boundary layer at hypersonic velocities with M > 10 have
a noticeable effect on friction and heat exchange. Analytical expressions
for the laws of friction and heat exchange in a turbulent bouniary layer
of a dissoclated gas derived in [578] are based on the limit-law theory
and, therefore, do not contain (at least for large Reynolds numbers) any
empirical constants. The comparison of numerdicai data conceming a cer-
tain friction parameter computed by using the formulas derdved with data
obtained by W. Dorrance (ARS Journal, v. 31, no. 1, 1961) shows satisfac-

tory agreement.
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3.' Boundary Layer

Conaidereble attention is paid by Communist-World scientists to the
investigation .of plane and three-~dimensional boundary-layer problems.
Knowledge of the boundary-layer structure and properties is very important
because the trensport phenomena between the fluid flow past & body and the
body surface are confined to this thin layer of gas. The study of a com-
pressibie boundary layer (at large velocities) is of especially great im-
portance because of a considerable temperature increase due to frictional
neating. An analysis of the parameters of a two- and a three-dimensional,
compressible, turbulent, boundary layers over an arvitrarily curved surface
is presented in [155), on the assumption that there are neither longitudinal
nor transverse pressure gradients. Sinmple formulas are given for calculating
the heat exchange on the faces and the surface of pointed and blunted cones
under a given angle of attack (with regard to the shock curvature), and on
a cylindrical surface ir a 3lip flow.

The hypersonic similitude is an lmportant tool in studylng the hyper-
sonic-flow problems, and has been considered in Soviet technical scientific
literature by G. G. Chernyy, V. V. Lunev, and others. The simllarity of
two hypersonic flows which differ in scale 1s established by the intensity
of nondimensional varameters and functions characterizing the flows. These
similitude conditions are invest:gated in [389] for hypersonic flows past
plane and axisymmetrical slender olunted bodles having on their surfaces
turbulent boundary lavers with variable entropy along their cuter boundary.
"This boundary layer is cdeveloped within an inviscid highly turtulent high-
entropy layer formed 1ln the gas which passed through a section of an oblique
shock wave near the stagnation point; the high-entrory layer has a high
temperature and low density, so that the pressure 1s assum2d tc be constant.
Equations of momentum and energy of the turbulent boundary layer are used
in Integral form together with empirical forrulas tc derive expressions
which describe the similltude conditicns investigated. A hypersonic-
similitude law bused on these expressions 1s formulated which states that
the hypersonic flows past slender blunt bodies with a turbulent boundary
layer will be simlilar if certain of their (enumerated) flow parameters
and functions are correspondingly identical. The application of these
similitude conditions to flows past bodles whose form 1s described by a
power functlon, and to a laminar boundary layer is discussed.

The effect of thermal radiation and absorption on the parametere of the
boundary layer 1s investigated in [73] by using a genera) system of' equations
of gas dynamlcs, taking radiction into account, for a laminar boundary layer,
on a plate, and the solution is obtalned (assuming the viscosity law
up = const where u 1is the viscosity coefficient and p - *he density) in
the form of a series in terms of two nondimensicnal parameters determining
the radiation effect on the boundary layer; expressions are derived for the
radiation flux intc the plate, the velocity profile, and the skin friction.

Simplifications in boundary-layer analysis in plane and axisymmetrical
flows of a radiating gas over surfaces like a double-wedge airfoll or a
flattened nose of a body of revolution are discussed in [239]. Conditions
are c¢stablished under which certain simplifying assumptions (such as neglect

-6 -



of some radiant-energy flux components) can be used, greatly reducing calcu-
lation without sacrificing accuracy. The wall temperature 13 assumed to be
equal to that of the gas at the stagnation point, as in case of sublimetion.

An intermsction between a viscous radiating gas flow and the surface
of a tady at wery high hypersonic speeds is examined in [163]. Computation
results for conditions behind the normal shock at certain atmospheric-entry
speads (up to 10--15 lkm/sec), altitudes (up to 70 km), and temperatures (up

‘tozoooo"z()mshomgnphicallyandconpamdwiththep&mmnofa
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steady pas discharge under high pressure. \

The detaringthn of the drag-veloclty relationship in a turbulent
boundary layer on a plate in a gas flow is “iscussed by using the Kirmén
boundary~layer equation and assuming a constant friction stress over the
layer [364]; it is shown thal the Karmdn theory on the drag of & plate in
an incompressitle fluld can be easily generalized to gas lows with large

~Mach numbers. The results of the analysis are illustrated in diasgrems by

curves showing the dependence of & ncndimensional friction coefficlent on
the Mach number values up to M,, = 10,

" The flow of a compressible fiuid in a steady tm-bulent boundary layer
is examined in [U37); the velocity profile in the layer is determined, and
the relationship between the friction stress on the wzll and the thickness
of the boundary layer 1s established for a thermally noninsulated wing and
an axisymmetrical body.

The same problem in the case of accelerated or retarded motion, when
an unsteady turbulent boundary layer is formed, is discussed in [523], the
variation in the locatian of the separation point is analyzed, and the effect
of drag is evaluated. The boundary-layer param:ters in sections close to
the stagnation poiric are of special importance, particularly when the gas
reacts chemically with the mterial of the hody.

The equations of & laminar bourdary layer at the stagnation point of
a blunt body are used in calculating the parameters of a multicomponent
boundary layer in the presence of chemical reactlons on the body surface
[152]. The burning of a body ccnsisting of many elements (various carbon,
oxygen, and hydiogen compounds) in a high-temperature air stream is malyzad
and the rate of buming and the surface temperature are determined. The
buming of a graphite body is discussed briefly. -

The problem of cooling the surfuce of a porous body by injecting a .
chemically active or inert fluid through its walls 1s often discussed in
Soviet literature, in connection with the effects of gas injection on such

physical properties as the heat exchange and skin friction in the mixture

i on the plate surface.

The laminar boundary layer characteristics on a porous plate in a gas
flow with a fluld injected irto the layer in the presence of chemical
reactions are analyzed in [158]. The effect of chemical reactions on the
heat and mass exchange is investigated, and the dependence of friction
stresses, and thermal and diffusion fluxes at the wall on & nondimensional

-7 -
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fluid-injection parameter and the Mach number of the flow are established.
The spproximation and genereligzation of results obtained is used in deriving
the engineering formilas which can be used in determining the necessary
amount of coolant for porous cooling at a given surface temperature, the
retes of buning, and the sublimation of the body materlal.

A laminar boundary layer on an axisyrmetrical, blunt body moving at a
high supersonic speed is examined in a steady flow at the stagnation point
vwhere the pressure and tenperature conditions provide for phase change
or evaporation [141]. The high temperature in the boundary layer allows
the presence of chemical reactions. A numerical sample analysis is made
for an oxygen flow past a graphite body with equilibrium chemical reactions
in the boundary layer.

A steady flow of a binary gas mixture in a laminar boundary lsyer an
a surface which causes a weak transverse mass flow (e.g., & porous or evapo-
rating surface) is studiea [130]; the physical properties of perfect-compo-
nent gases are different, and their specific heats are independent of tem-
perature. A general case is treated when the free-stream velocity and surface
terperature are time-dependent, and the law of dependence of transfer coef-
ficients on temperature is arbitrary. The equations of a two-component
boundary layer are transformed into a system of three second-order nonlinear
differential equations of the same form, which are reduced to a system of
three linear differential equations. For integration of these equations, a
certain method of linearization, called "the method of straight lines" is
used. As an example the boundary-layer and gas-lnjection parameters in a
gas flowing past a porous plate are discussed, and results of a numerical
evaluation of a uniform injection of hydrogen into a boundary layer of alr
are presented in diagrams.

Suction of the boundary layer can be used to increase the flying
range of winged aircraft. The optimum bleed on a porous plate in an incom~
pressible gas flow over a plate 1s discussed in [204]. The optimum bleed
means such a distribution of the normal velocity component on the plate sur-
face such that the local Reynolds number in every boundary-layer cross section
is equal to its lower critical value; a porous plate is one on whose sur-
face the normal-velocity component is distinct from zero. Coefficlents of
laminar friction and the local and total amount of gas bleed are determined
for the optimumebleed conditions.

A laminar boundary layer consisting of two separate phases - liouid
and gas - is analyzed in [191]. The liquid phase 1s formed on the surface
of a body in a stream of gas by surface melting or by injecting a liquid
through its pores. The densities of both the liquid and the gas are con-
stant, and thelr physical properties are independent of ter;peratm'e. Partial
differential equations with bowncary condltions forthe flow of each phase and
on tneir interface are glven as well as their solutiocns. The interrelations
of variations In the flow velocity, the rate of liquid-phase forming, and
body=-surface conditions are discussed. The second approximations in solving
the problem of a laminar boundary layer on a plate under various conditions
(e.g., constant Prandtl number and parameter K = pu where p - 1s density,

p - viscosity conditions) with equilibrium dissociation taken intc account

-8 -



are derived in [89] for a thermally insulated plate and for a plate with a
prescribed surface temperature. A numerical analysis of the boundary layer
on such a plate for M = 10, 20, and 30 1s presented, illustrated by diagrams
showing the dependence of layer parameters (layer thiciness heat content,
velocity variation) on M. The error induced by assuming that K = const 1is
pointed out.
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I, Shock Waves

The study of shock-wave phenomena and relationships, and irreversible
changes in gas and flow parameters in passing through a shock wave, e.g.,
decreases in velocity associated with increases in pressure, density,
temperature, entropy, etc., are of vital importance in the kinetic heating,

stagnation-point flow, and boundary-layer parameters.
A longitudinal, superscnic, gas flow past a body of revolution or a

symmetrical airfoil with a forward detached shock wave of large curvature

has been discussed in [250], and the effects of viscosity and heat conduc-
tivity of the gas {usually neglected in flows with shock waves of a smaller
curvature) on the parameters of the flow behind the shock wave (flows have
large velocity and pressure gradients in this case) are investigated. The
continuity, impulse, and energy equations are used to describe the rela-
tionships between characteristics on both sides of the shock wave. The
formulas of the temperzature and pressure ratios ahead of and behind the
shook wave are given, and the charige of these parameters in the case of a
perfect gas and their dependence on the Reynolds number are pointed out.

The dependence of the curvature of a shock wave on the curvature of
the outer surface of an annular body of revolution in a supersonic gas
flow 1s mathematically analyzed in [268]. A flow is considered vhen there
is no bow shock wave in front of the whole body, and an obligue shock sur-
face 1s attached to the leading edge of the body. The author comes to the
conclusion that the law of dependence of the curvature of a shock wave on
the sum of curvatiures of the body and of the streamline in a conical flow
is analogous to .ne law of dependence of the shock-wave curvature on the
curvature of an airfoil in a plane-parallel flow.

The effect of the transverse curvature of a convex (cylinder) or con-
cave (channel) surface on the turbulent-layer parameters in a high-speed
flow in the presence of heat exchange is investigated in [200] for various
Reynolds and Mach numbers and various values of certain temperature param-
eters, assuming that the molecular and turbulent Prandtl numbers are dis-
tinct from unity, the viscosity and heat-conductivity coefficlents are in-
dependent of pressure (but dependent on temperature), and ¢, is constant
(¢, - is the heat capacity under constant pressure). EquatIons of an
avBraged steady gas motion in an axlally symmetrical turbulent boundary
layer without a longitudinal pressure gradient, and the equation of state
are used ln determining the temperature distribution, the velocity profile,
and the drag law in the boundary layer. The results of computing the
boundary-layer parameters and evaluating the surface-curvature effects for
a cylinder (at M = 0 to 10, Re = 10" to =, and Tw/Tp = 0.2 to 1.0) and a
charnel (M = 0, 0.5, 1.0; Re = 10; and T,/Ts = 0.2, 1.0, 2.0) are discussed
and compared with experimental data in a number of diagrams. Here Ty, is
the wall surface temperature, and T, and T, are the temperature of the
outer boundary-layer surface for t.'ug cylinger and tne channel, respectively.

Tre propagation of unsteady shock waves 1s investigated in [58] by an
approximate method in which the equation of the state of the medium
p = p(V) (where p is the pressure and V, the volume) is replaced by a
broken line p = -A?V + B (where A and B are constant along a segment); by
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- reducing the length of the straight segments, the desired ac:urecy in de~
termining the wave parameters can be obtained, The propagation and reflec-
timotaplmmsmmrmangldmuw

The propagation of an explosion shock wave is investigated in (78] by
applying the method of integral relations to the total energy of the moving
gas and using the piston-theory technique. An expreassion is derived from
which the lew of the shock-wave propagation and the pressure can be deter-
mined. The exactness of propagation-rate and pressure functions obtained
is discussed for the piston expanding at a constant rate, and according to-
a power-law function; the case of a strong explosion is also analyzed. By
using the law of plane sections (equivalence principle), the shape of the
shock wave fermed in a hypersonic flow past an alrfoll or a body of revolu-
tion can Le determined as well as the pressure distribution over the sur-
faces of these bodles, even in cases when thelr noses are slightly blunted.

The gas flows with plane, cylindrical, and spherical waves, induced by

the propagation of a2 stronm shock wave in a gas at rest, are studied in

[119] by using the method of integral relations and the piston analogy in
determining the gas parameters and motion. The application of some versions
in using this method is discussed. In one version 1t 1s assumed that the
pressure and velocity of all gas particles between the shock wave and the
piston are identical, l.e., they depend only on time. The equations of
conservation of mass, momentum, and energy are used as initial ones, and
approximate results obtained show fair agreement with those of an exact
solution. In another version, the self-similar solutions are spplied by
introducing in tormulas for mass, momentum, and energy of the moving gas
additlonal censtraints which exist between these quantities in self-similar
rmotions under like conditions. The procedure is outlined for determining
the gas and shock-wave propagation parameters, which requires much computa-
tion. In a third version, the method of a "shock layer" is applied, in
which the approximate distribution functions of veloclity and pressure are
used In tue form of expansions in powers of a parameter characterizing the
ratio of gas densities ahead of and behind the shock wave. An expression
forr determining the law of shock-wave propagation is derived. The problem
of a detonation with the initlal pressure taken into account, and of an un-
stable source of a gas flow in a compressible gas are discusaed The lat-

ter problem is encountered in studying the operation of shock tubes with
a divergent nozzle.

Plane and axisymmetric gas flows with strong shock waves having a
power-function shape are discussed in [82]. The high-entropy portion of
the flow adjacent to the surface of the body carrying the shock is investi-
pated, and it 1s shown that a correction in thicikness of the high~entropy
layer 1s necessary 1f exact solutions of unsteady self-similar gas motion
are to be used in solving the corresponding high-entropy flow problems A
method is presented for introducing such a correction, and for corstructing
the shape of the body for whcih the pressure distribution was determined
by means of the small-disturbance theory.

A longitudinal supersonic gas flow past a slender pointed body of
arbitrary cross section is investigated in [353], and the location and in-
tensity of the front shock wave are determined by an asynptotic formila

-11 -

.
:
{
¥
!
3




based on methods previously developed by the author (PMM, v. 25, no. 3,

1961); 1t is assumsd that the whole body is within the Mach cone constructed

for the undisturbed flow and has its spex &t the stagnation point of the
the

body. It is discovered that bow shock wave is a circular cone, close
to the Mach oone, with the axis parallel to the flow direction.

The self-similar reflection of a plans shock wave is discussed and
the relative tion of the incident, reflected, and Mach waves investi-
gated in {240]). The strength of a Mach wave at the wall is determined, and
it is shown that a Mach wave camnot propagate either far ahead of or far
behind the incident shock wave. The configuration of wavea in the Mach
reflection from a rigid wedge is analyzed. An expression for the reflection
soefficient is derived, and the regular reflection 1s compared with the
Mach reflection (in a triple point at a certain distance from the wall
where the incident, reflected, and Mach waves intersect).

A similtaneous solution of systems of hydrodynamic equations (con-
servation of mass, momentum, and energy), and equations of state and relax-
ation is used in determining the distribution of vibrational energy of air
molecules N, and O; behind a normal shock wave in the air [243], assuming
that there is an equilibrium distribution of energy in translatory and vi-
bratory degrees of freedor., and disregarding the dalssoclatlon, electron
excitatlon, and ionization processes. In discussing tine vibrational
relaxation, the vibrational energy is related to a wnit of mass (one
r. ie). Results of computation for shock-wave velocities corresponding
to M= 5, 9, and 20 are discussed and illustrated by dlaprams.

A supersonic flow of a chemically reactive inviscid gas with rectilinear
streamlines behind a plane-front oblique shock wave is discussed in [135].
A sysiem of equations describing the flow,equations of kinetics with intital
conditions, the equation of state, and relationships between density, ve-
leri 7, and enthalpy of the gas mixture are used to derlve expressions for
the lgcity and temperature variations in the flow direction behind che
shoc’ ‘n terms of concentrations of the mixture components, The cases
when the flow behind the shock wave is subsonic or supersonic are discussed,
and the formulas obtained are applied to determining the parameters of shock
waves 1. the air.
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5. Mnimm-Drag Bo;l:lee

The problem of determining the shape of annular bodles of revoluticn
with minimum wave on the outer surface 1s solved in the fremework of
the linear theory in [267]. A simple explicit formula for a
body 1s obtained under the assumption that the imner and outer flows past
the body are independent of each other. It 1s shown that the drag does not
vary substantially with the varigtion of geometric parametersof the body {in
a reasonably practical range) if there are two unchanged initial cross
sections (e.g., at the faces). Therefore, the derived dreg formula can lLe
accepted as a general law of drag. The dreg coefficients of the rear part
of & barrel-like body (tall part of a fuselage) are discussed, and numeri-
cal values calculated for M = 2.0 and 3.0 are shown in diagrams for bodles
of various slendemess. '

The problem of determi the shape of a minimun-wawe-drag body of
revolution is also glven in [280] by using a variational approach. The
solution of the variational minimum-drag problems is discussed ir. cases of
a turbulent flow past a body of revolution with a given shock-wave shape,
and past a plane body.

The problem of designing a generatrix for a body of revolution having
minimum wave dreg for the given velocity of the oncoming flow and coordin-

ates of two points on the generatrix is presented in [339]. Cases when there

is an attached oblique shock wave are discussed, using variational methods.
The problem 1s a degenerate ane and is solved by means of the calculus of
variations for a particular glven velocity of flow and zecinetric parameters.
The computed dreg coefficients for various coordinates of points on the
generatrix and Mach numbers up to M = 5 are fiven in a table and are illus-
trated by dlagrams.

The determination of the shape of an annular mininum~drag body in a
axisymmetrical hypersonic gas flow is discussed in {340], under the condi-
tion that.the pressure must be non-negative everywhere on the surface. The
problem is discussed, using the calculus of variations, and expressions
are derived for determining the dreg coefficient, the coordinates of two
points of the generatrix, and the optimum body contour. Reaults of numeri-
cal calculation of several optimum shapes are presented in a table and in
diagrams.

An attempt to forrulate and solve the problem of determining the opti-
mal minimum-drag shape of a three-dimensional slender body in a hypersonic
gas flow is presented in [218). The initial expression for the dreg coef-
ficlent 1s taken in such a form that the optimum shapes of the meridional
section and of the cross section of the body can be determined separately.
The first problem was determined long ago, so only the optimum cross-section
shape i1s discussed. A variational problem is formulated, and expressions
for determining the shape parameters and the drag coefficlent C, are de-
rived. The optimum cross section determined is star-shaped, as shown in
Fig. 1, and the varlation of the drag-coefficient ratio C; with the
cross-section, S/r°? 1s plotted in a diagram (Fig. 2) (¢° is drag coef-
ficient determined for an equivalent Newtonian optimum ﬁ'\upe of a body of
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The wave drag of axlally asymmetrical bodies in the form of a pyremid
with a star-like cross section is discussed in {319]. The faces of the
body have the shape of stream surfaces of flows behind the plane shock
waves and their edges correspond to the lines of intersection of these
shock waves. Formulas are presented for determining the geometric charec-
teristics of these bodies, and the pressure and wave drag for gilven speeds
(each Mach number is associated with a certain shape). In a diagrem the
pressure coefiicients (wave drag) of pyramidal bodies and of equivalent
circular cones are compared. The problem discussed in [319] is developed
further in [110]. As exact solutions for the configuration of lift-pro-
ducing bodies, the cutouts from.stream swfaces of flows behind one attached
plane shock wave, and behind two intersecting plane shock waves are used.
Because the pressure on such surfaces 18 constant and equal to the pres-
sure on a plate behind a plane shock wave, the problem of determining the
pressure and lift on a plate in a hypersonic flow is discussed in the first
part of the article. In the second part, the exact solutions are given
for a V-shaped wing (Fig. 4) formed by two intersecting planes (in the case
of one shock wave), and a pyramidal body (Fig. 5) with a V-shaped cross

FiSl 5-‘
Fig. &. 1 - Intersection edge of the
1 - Leading edge; 2 - inter- body; 2 - body faces; 3 - wing
section edge; 3 - undisturbed- feces; U - wing leading edges;
_ flow velocity vector. 5 - wing trailing edges; 6 - base-

parailel section; 7 - undisturbed
flow velocity vector.

section (in the case of two shock waves). Both bodies have a delta shape
with leading edges running along shock-wave boundaries. Formulas for the
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141t and drag coefficients sre derived and the interdependences between the
geometry, lift end dreg, and shock-wave parameters are discussed and illus-
trated with a nwber of Jlagrams. The wave dreg (the surfave pressure) of
bodies with two plane shock waves can be infinitely reduced by a proper
selection of their shape, thus making the whole Jdreg significantly smaller
than that of a wedge; the conparison of the dreag of proposed shapes with
that of a wedge at altitudes of 35, U5, and 55 and M = & is piresented
graphically and is dlscussed.

The problem of determining an optimum surface of a body in a gas flow
which should either have minimum drag or maxirum ability to dissipate the
heat (i.e., the amount of heat transferred in a unit of time through the
body surface must be a minimum) is considered in [211]. The gas motion
satisfies the Navier-Stokes equations of continuity, energy, and state.
The amount of heat absorbed by the body surface in a unit of time or the
drag of the body 15 expressed in a penera.~form surface integral which
contains heat-transfer functions depending on the shape of the body sur-
face., Isoperimetric constraints (e.g., concerning the volume of the body,
1ift or moment of the wing) containing the seme functions on the bedy sur-
face are introduced, and a variational problem of finding the squation of
the surface mnimizing the surface integrel is formulated and solved for
both the heat-treansfer and minimum-drag problems. A system of equations

for determining the shape of a minimum-dreg airfoil of a given cross-gection

area is derived, and its solution by successive approximations is indicated.

The total costs (of construction and operation) are generally used as
the criterion of optimality of aircraft construction; the initial total
welght can be sometimes taken as an optimality criterion because the
changes in this weight are approximately proportional to the total costs.
The latter concept of the optimality criterion 1s used in determining the
optimum geometry of aircraft [395], under the assumption that its flight
and tactical charecteristics, and the useful load will not be affected by a
change in the geometric peremeters of some member; in other words, in case
of such a change, the parameters of otler members will bé changed in such
a way that these characteristics would be maintained; it is also assumed
that the law of the aircraft motion with regard to the power consumption
is known. Formulas are derived for determining the optimum value of opti-
mized gecmetric paremeters (dependent on or independent of each other),
and also of other parameters to which the welght criterion can be applied.
The optimum wing loading for a given flight velocity and altitude, and the
optimum slendermess ratio of the nose of a fuselage (or of a fairing) are
determined as illustrative exanples.
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6. Experimental Investigation and Eqm

Only a few articles on experimental aerodynamica are included in tids
because the oontent of works in this field is clear from ths anno-
bzbmfw. A different spproach to experimental investigation is
in (846] where the gas flow in electric-discharge dsvioss is investi-
» and formlas for its parameters and the range of application of the
or are determined mathematically. The discharge device consists of a
lirear closed channel of constant cross scaction filled with gas in

Gh an electric discharge is produced at one end by electric energy con-
tinumusly supplied; a cclum of heated yas is formed which expands and dis-
places the ges at rest. A moving plane shock wave is formed, followed by an
inpenetreble boundary (a piston) separsiing the column of heated gas from
the disturbed gas which passed through the front of the shock wave. The

THT

by a power function of time. The gas which passes through the shock-wave
front is assumed to be perfect, inviscid, and non-heat-conducting, and its
motion is not accompanied by any physical or chemical changes. The dlsturbed-
g£as motion between the shock wave and the piston is regarded as self-simi-
lar. Expressions for velocity, density, and pressure in the diaturbed re-
gion are derived, as well as the Mach nunber attainable (up to M = 33) and
the duration of the process.

A complete description of the supersonic wind tunnel at the Traian
Vula Institute of Aﬁplied Mechenics 1s given with an accompanying diagram
and photograph in [445]. The parameters of the flow (up to M = 3,1) are
discussed, including the test results of a cone and a sphere at M= 2.2,
and illustrated with photogrephs. The tests for determining the perfor-
manoe of the compressor station are discussed, and the cross-section area
of the experimental zone of the tunnel is determined as a function of the
Mach numher. The arrangement of compressors for a larger supersonic wind
tumnel is discussed, and accompanied by illustrative dlagrems and tables.

"The method of measuring the rate of shock-wave propagation in a shock
tube constructed at the Institute of Applied Mechanics of the Academy of
Sciences, Rumanian People's Republic, is presented in [180]. The time
interval is measured for passage of the wave between two marks placed at a
certain distance from each other. The instants of wave passage are regis-
tered by special low-inertia capacitance transducers. The time is meas-
ured by an electronic chronograph specially developed for this purpose.
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Group B. HIGH-SPEED AEROTHERMODYNAMICS

The published material on the aerothermodynamic problems encountered
in the study of high-speed gas flows involving thermal rediation, dissoclia-
tion, ionization, reconmbination, thermal-boundary-layer and shock-wave for-
mation are inseparably linked with high-speed serodynamics and have been
reported in sections 2, 3, and 4 of group A. This growp (B) of published
materials deals with asrodynamic heating of flight vehicles and vith various
means of protection against such heating.

1. Aerodynamic Heating

Aerodynamic heating is the main source of heat developed during entry
of a flight vebicle from orbital or space flights into the atmosphere. The
phenomenon of kinetic heating of vehicle structures is one of the most
widely discussed topics in the Communist World sclentific tecinical litere-
ture dealing with the thermal problems encountered in high-speed aircraft
design. Gas flows past porous surfaces of plates and bodies with boundary-
layer suction or injection of fluid into it, heat exchange between gas and
body, heat transfer to alrcraft structures, and determination of tempere-
ture fields in them — are the most thoroughly investigated problems; the
more characteristic cnes will be reported. The basic phmmm which must
be examined in discussing the kinetic-heating problem is the skin friction
in gas flows. Some works concerming theoretical sld.n-t‘rdctim analyses
have also been mentioned in group A.

A formula in the form of a power function {obtained by interpolating
experimental data) for calculating the surface friction in turbulent flows
over a wide range of Reynolds and Mach numbers and temperuture drops is
given in [569]. A method was developed for direct measurement of local
values of surface friction on a flat plate in a supersonic flow, and the
measurements were carried out in the presence of intensive heat exchange
between the flow and plate. The construction of a surface-friction picicup
(for recording the static pressure) is described and possible methodological
inaccuracies and errors in measuring are discussed. The range of applica-
bility of relationships obtained, the influence of Reynolds and Mach num-
bers on the skin-friction coefficient, and comparisons with empirical
values obtained by other authors are presented in dlagrams.

The aerodynamic heating of a semi-infinite thin plate of finite thick-
ness in a steady flow of a compressible gas with jump-wise increasing tem-
perature is discussed in [556], assuming that the temperature of the plate
is the same as that of the gas on the interface between the laminar bound-
ary layer and the plate.

The dependence of the temperature of the leading edge of the plate on
time, with consideration of heat flow through the edge, is investigated and
exact solutions by means of the operational calculus are obtained for the
following conditions of heat flow through the leading edge: 1) there is
no heat flow, 2) the edge is artificially heated, and 3) the edge is arti-
ficlally cooled.
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The leading edge of a wing in hypersonic flow can be heated up to tems

peratures exoseding the melting point of refractory metals (even in cases

' 1arge sweepback angles), thus meiting cooling necessary. But, if the
duration of such {lights is short (for example, in quick entry and escape
from dense lryers of the atmosphere), & certain amount of damage to the
surface cant 08 tolerated. In this case, it i1s very important to know the
rete of this thermal disintegration. In [66C] such failure of the leading
odge of a swept-back wing in a steady hypersonic gas flow, with evaporation
of the mtorul taken into account, is discussed. The solution of the
problem is reduced to the simultaneous solution of a system of' nonstation
(due to considering the advancing melting surface) equations of the
boundary layer on the molten-materdal film; and or heat-conductivity equa-
 tions of the solid remainder. Two cases are discussed in detail: 1) The
material of the wing has a certain melting temperature and a nunber of trens-
formution tenperatures at which heat absorption takes place (metala and
some ceremic materials disintegrate in this way) and 2) the material does
not have a clearly marked melting temperature, the viscosity of the melt
being a power function of the temperature (this is a disintegration pat-
tem for various glasses). The behavior of both types of wing material 1is
analyzed in respect to the formation of surfaces of evaporation, melting,
ad of transformations, and their propagation. Expressions are derived for
the parameters of the ablation process and for the rate of disintegration.

9»

§5

The interaction (friction, heat transfer) between the gas flows and
bodies on whose surface emission or avsorption cf a fluid takes place in a
naturel (for example, evaporation or condensatiun) or an artificial
(suction or in,jectim) way 1s often discussed in the Soviet technical
literature. The effect of such artificial means on the heat and mass ex-
change in a turbulent boundary layer is analyzed in [562] where a fluid
is injected into or a gas is sucked from the gas flow through the porous
surface of a plate. A turbulent boundary layer is formed at the leading
edge of the plate. An expression which connects the local skin friction
coefficient with the suction or injection parameter is derived and 1its
goproximate salution 1s given. The results of a quantitive analysis
conducted on the basis of the proposed theory are compared with experi-
mental data obtained by other authors in dlagrams which show fairly good

agreement.

In many investigations of the effect of gas injection into gas flows
past bodies, the variation of pressure in the direction of flow 1s not
taken into account. Reference [225] glves the results of an experimental
investigation of the influence of gas injection into a turbulent boundary
layer through a porous plate an the dynamlc characteristics of the turbu-
lent boundary layer. The plate was placed in a hot-alr flow with accel-
erating and adverse longltudinal pressure gradients. Gases of different
molecular weight (air, carbon dloxide, and Freon-12) were injected.

The following quantities were meosured in the direction of flow (at Rey-
nolds numbers from 10% to 5 x 10%): dynamlc and static pressures, tem-
paratures of the injected gas, temperatures of the gas in the flow

(450 to 550°K) and tenperatures of the plate (375 to U420°K). The appa-
ratus and tne technique used are described. The effect of the physical
properties and of the amounts of injected gases (at a certain pressure
gradient) on the friction was established for various tenperatures and
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plotted in dlagrame. The data obtalned in processing the results were

generalized and used in integrating the equation of motion. The proce-
dure developed here for calculating the parameters of a boundary layer

with a longitudinal pressure gradient 1s outlined point-by-point and is
recommended for usage.

In previou.sl,y mentioned works, the gases injected into the boundary
layer were inert in respect to gases flowing past the porous surfaces.
The case when the injected gas reacts chemically with the gas of the

basic flow 1s of more practical interest. In reference [490], the frictic:

and heat exchange in the turbulent boundary layer of a conpressible gas
flow are investigated when there are chemical reactions caused by in-
Jection of a chemically active fluid. It 1s assumed that the chemicai
reactions are instantaneous as conpared with the rate of diffusion, wnich
means that the temperature in the boundary layer is high and the tnickness
of the chemical-reaction lgyer is an infinitely thin surface as corpared
with the thicikness of the boundary layer. The laminar and turbulent
Prandtl and Lewis numbers are taken to be equal to unity. When calcu-
lating the characteristics of the boundary layer by the method used nere,
it is sufficient to know the distribution of concentrations, temperatures,
and velocities only in the direction of flow. Expressions are derived for
calculating the density distrioutioon, friction, the density of the gas
mixture, and the heat flow into the plate.

A similar case of porous cooling, when one side of a porous plate
is serodynamically heated and its other side 1s exposed to a chemically
active cooling fluiu under pressure is discussed [560]. Cooling is

achieved here by evaporation with chemical reactions, heating of the coola:

in the pores, and heat transmission from the gas flow to the coolant. A
method of filtration theory is applied in this investigation, assuming

that the temperatures and pressures on both sides of the plate are constan:

and that no evaporation takes place inside the plate. Expressions are de-
rived for the heat flow, diffusion flow, also for the coolant pressure
required to maintain its flow through the plate, and the relationships
between the criterional parameters of the gas in the flow, of the coolant,
and the characteristics of the porous plate.

Approximate methods of determining the temperature distribution in
flight-vehicle structures caused by aerodynamic heating have the advan-
tage of simplicity in practical designing. The high surface tenperatures
and relatively low heat emission coefficlent noted in flows at high

altitudes and large Mach numbers make thermal radiation an important factc:

which can not be neglected. In [546], the nonsteady temperature fields
in the vehicle structure are analyzed, with thermal radiation taken into
account, and a convenient method for practical calculations is presented.
The metnod consists in approximate solution of the heat conductivity
equation with initial and boundary conditions by the method of finite
differences. The flight is divided into time intervals At and the struc-

* ture Into small finite parallelepipeds whose middle points are dealt with.

The following assumptions are made: 1) the temperature gradient between
points changes linearly with time; 2) the increase in the heat content
of a "point" (parallelepiped) is proportional to its temperature increase;
3) the physical ccmistants of the materials are independent of the tem-
perature; and 4) the adiabatic temperature of the wall, the heat emission
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coefficient, and the surface terperature are linear functions of time.

A system of linear algpbraic heat-balance equations for every 'point"

in the surface layer and inside the body is derived (the number of equations
is equal to the number of "points") from which the variation with time of
the heat emission coefficlent, the temperature distribution over cross
sections, and its variation with time on the surface can be calculated.

The estimation of errors and their dependence on At is discussed. The
tenperature distribution and variation in an alrcraft during a 90-second
acoslerated flight fromM= 2 to M= 10 at an altitude of 15,000 m are
calculated, and the results are presented in diagrams.
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2. Protection Against Aerodynamic Heating

The protection of flight vehicle structures, equipment, and crew
against the consequences of aerodynamic heating by selection of proper
insulating materials, arrengement of cooling, and use of ablation shield-
ing seems to attract more attention from Soviet scientists working on
aerothermdmamic problems than kinetic heating itself. The injection of
liquid into the boundary layer (mentioned in the preceding subsection 1)
can be used for ocooling in cases of moderate kinetic heating. In cases
of high wvelocity, as in atmospheric entry, ablation shielding, the most
effective method of dissipating kinetic heet, is widely discussed in the
Soviet literature concemed with the thermal protection of flight wvehicles.

- The basic conditions for any tipe of effective thermal protection
are proper insulation of the vehicle skin and designing those shapes of
vehicle which will ensure minimum heat transfer from the boundary layer
into its structure.

One of the solutions of the

Therasl skin-insulation problem is the
iasulation ) three-lgyer skin construction.

The outer surface of the metallic
5‘ W skin 1s usually covered by a heat
. 49% ‘

resistant (for exanple, ceramic)
layer and inner surface by a
layer of fiberglass material.
S Heat transfer through such a
N plate, with a flow of hot gas on
its outer surface, is discussed
in [547], under the assunptions
that the plate is infinite
% vl Fig. 6 . (the problem is one-dimensional)
. e ¢ and the skin is thin (the tem-
: perature 1s constant along its
tnickness, Fig. 6), all heat
from the boundary layer on the
outer surface 1s used for heating the plate, the inner surface is heat-
insulated, end the thermmophysical characteristics of all materials are
constant. An operational method (using the Laplace transform) is spplied
to determine the temperature distribution in insulating lsyers (linear
in the outer layer and weskly nonlinear in the inner layer) for the given
tenmperature of the gas in the flow.

The problem of thermal protection by designing that shape of a body
in a hot gas flow which will ensure minimum heat tranafer into the struc-
ture of the body is discussed [506], where that form of a thin airfoil is
sought which will have a minimum mean heat transfer coefficient for a given
1l1ft, assuming that the upper and lower surfaces of the wing are ther-

.mally insulasted and that the boundary layer is either laminar or turbulent,
not mixed. The problem is reduced to solving the isoperimetric variational
problem of determining that function describing the shape of the airfoil
camber which will minimize the heat-transfer functional for a giwven value
of the 1lift functional. The method of Lagrange multipliers is used in
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solving the problem, and results of calculations in cases of a laminar
and turbulent boundary layers are obtained which show the essential
effect of the temperature on the heat-transfer coefficient end the wesk
effect of the tenperature on the optimum shape of the airfoil.

Ablation shielding is the most effective means of protecting the
crew and instruments against the heat developed during entry of space
vehicles into the dsnse layers of the earth's astmosphere. Steady ablation
is of special interest., Its fundamental problem — that of determining
the constant rete of melting of a semi-infinite body heated by a oconatant
heat flow on the boundary under arbitrary initial conditions is discussed
in [615]). It is sssumed that the molten materials are immediately re-
roved, thus the thin molten film does not affect the melting prooess.

The problem is solwed by analyzing the flow of a high-tenperature ges near
the stajgnation point of a olunt body having a melting tenperature lower
than the stagnation temperature. The equations of heat conductivity and of
therml equilibrium, with initial conditions are solved by the L. I.
Rubinstein method (Akademiya nauk SSSR Doklady, v. 58, no. 2, 1947, and
Izvestiya vysshikh uchebnykh zavedeniy. Matematika, no. U4, 1958), and a
system of integral e¢quations is obtained; from the asymptotic solution

of this system, expressions are derived for determining the rate of
melting and the process of heat transfer into the solid remainder of the
body. The effect of a sudden change in the intensity of heat flow on the
melting rate and heat trensfer are analyzed, and the course of the melting
process in the case when the heat flow varies arbitrarily with time is
discussed.

When an axisymmetrical solid body begins to melt in a steady flow of
a gas, then, under certain conditions (for example, when the heat-conductiv-
ity coefficient of the material of the body is high), a stationary rro-
cess of ablation will take place and the melting front in the vicinity
of the stagnation point advances at a constant rate. ~

The steady ablation process is discussed in [596] in a general
form, and an exact simultaneous solution is obtained for the unsteady
Navier-Stokes equations and the equations of the heat inflow (without
dissipation) with proper boundary conditions. The steady regime of ablation
at the stagnation point of a semi-infinite body in a plane and in axi-
symmetric flows of an incompressible fluld is discussed. The rotation
of the solid about the flow axis is taken into account in the latter type
of flow. Systems of nonlinear ordinary differential equations from which
single-valued solutions can be obtained are derived in both cases. The
possibility of extending these solutions to a compressible gas flow with
variable coefficients of viscosity and thermal conductivity of the gas
and of the liquid phase of the body material is mentimed.

Soviet authors devote consliderable attention to the ablation of
material from the surface of a body in radiating gas flow behind a shock
wave. The solution of the thermal radiation problem for the boundary
layer in the vicinity of the stagnation point of a blunt-nosed body is
presented in [614]. The convective and radiative components of the heat
flow are considered and the effects of their variation on the ablation rates,
temperatures, and heat transfer to tne body are examined; formulas for
calculating these parameters are glven.
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The ablation process of a blunt body at the stagnation point (an
axisymmetric problem) end along the stagnation line (a plane problem)
in a dissociated air flow 1s investigated in {607], taking account of the
evgporation of the molten-material film and che presence of an arbvitrary
nunber of endothermic "fronts," for exanple, sublimation, melting, etc.,
where absorption of heat can take place. Metals end some ceramic materials
disintegrate in this way. Heat transfer in the solid phase, the rate of
disintegration with an without evaporation are discussed, and the nmost
typlcal cases of thermal fallure, at low and at high stagnation tenperatures,
are analyzed in detall. At low tenperatures, dissociation of the air is
neglected and the boundary layer is treated as a binary mixture of the
btody~-material vepor with air; at high stagnation temperatures, dissoci-
ation carot be disregarded, aid the boundary layer is handled as a three-
component mixture of atoms of alr molecules and particles of the body
material. Expressions for determining the rate of ablation are derived
in both cases. The solution obtained is generalized to the following
cases: when there are heterogeneous chemical reactions between the dis-
gsoclated air and evgporation products, and when boiling occurs in the
melting zone with infinitely strong heat flows from the gas.

An exact solution of the problem of equilibrium and nonequilibrium
sublimatitn of a blunt body at the stagnation point is presented in [610],
assumng arhitrary dspendence of the physical properties of the body
material on time, and disregarding the effects of dissociation and thermal
radiation in the gas flow. The variation of coefficients -(of viscosity,
heat conductivity, diffusion) in molecular transfer, and of criteria
(the Prandtl, Lewis, and Schmigt nurbers) under given conditions is dis-
cussed; the boundary problem is formulated, its numerical solution for
the Prandtl nunber Fr = 0.7 and Schridt number Sc = 1.0 is presented,
and the results are given in tables; a solution uf the problem is de-
rived for arbitrary Prandtl and Schmidt nurbers. A necessary and suf-
fizient condition for boiling on the sublimation front is obtained, and
expressions for the rate of sublimation are derived in closed form. The
tenperature profile in the solid is determined in quadratures. It is
shown that the solution of any particular problem of sublimation can be
reduced under these conditions to a solution of three equations to de-
termine the concentration of gaseous products, the tewperature of evepo-
ration, and the rate of sublimation.

An spproximate method of determining the law which govems the
advance of the ablation front of centrally syrmetric bodies in & variable
heat flow is presented in [617]. A genersl qualitative result in the
form of a differential equation is obtained first. Its solution is re-
duced to determining the ablation by only one criterion u, not depending
directly on the melting point. An approximate analytical solution for a

¢ plane wall and a constant heat flow 1s obtained from the basic "qualita-
© . tive" equation which 18 reduced to a linear second-ordsr equation that is
% sclved, in tum, in terms of Bessel functions of an imaginary argument;

. . the final solution 41s obtained in parametric form. The high degree of
approximation of this solution is demonstrated in a greph where the
curves obtained for various values of u are compared with those plotted
according to numerical calculation data of this particular case (of a
plane wall in a oconstant heat flow) obtained by a method of finite

A1 fferences.
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of serodynamic heating — that of

“determining in an snalytical way the rate of advance of the melting front
and the heat trensfer into a body by using the data on the variation of
mwmmummum,mmamm—umma
in (613]j. M spproximste solution of this ablation problem is obtained
for mn infinite plate in a mdium with a terperature higher than the

meiting point of the plate material, in the presence of physicochemcal
transformations the surface of the heat exchange, assuming a wniform

on ‘
the -initial tempereture in the plate. The concept of the
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_ body. Changes in the boundary oonditions are
dAvided into a number of time interva.s such that the heat flow can be ocon-
sidesred ooristant in each intsrval; the thenmphysical characteristiocs are
assumed to change step-wise when switching from one interval to another.

Formu® 's are derived for determining the rete of advance of the
-chitias front from the data on the tenperature variation in a croas
ot of the plate, and for determining then the tenpereture variation
thickness of the plate from the rate of advance of the phase-
front and assocliated temperature of the phase-change. The effect
step-wise treatment on the accuracy of the solution is snalyzed
case when the variation of boundary conditions is linear, and it is
that the error in this case 1s directly proportional to the rate of
tion ir hea! ow and to the thidmess of the plate; 1t also depends
the li..cwa 07 we time intervals and on the plate material. Satisfactory
agreenment is found between the results of analytical calculations by this
method ard enpirical data obtained from heat-exchange experiments in-
wvolving the meltinge of a plate surface by electron-beam bombardment in an
electric calorime* = with a known heat flow. :
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3. Experimental Studies

The experimental gpproach to the sclution of ablation problems is
very important because in some cases it ylelds the needed information more
quickly and effectively than an analytical solution; very often the empir-
ical results, formulas, and especially, the coefficients of the process
are used in analytical investigations, to say nothing of the significsnoce
of the experimental verification of theoretical studies. Publication of
some typical metinnods of experimental investigations is reported here.

The oxidation of metals and alloys in air flows at high velocities
and temperatures witn subsequent disintegration through corrosion, erosion,
and buming of the material of the specimen is investigated experimentally
in ([618]. An installation consisting of a w.nd tunnel and a heating unit
has been designed speclally for this purpose (Fig. 7), and the technique
of operation has been developed. The installation, specimsns, and the
methods of measuring and evaluating the disintegration and flow paramters
are described in detail, and the dependence of the rate of disintegration
an the flow velocity (up to M= 3), the angle of attack (up to 90° the
tenperature (up to 1473°K), and the duration of exposure to the air flow
(@ to 2 minutes) is shown in diagrams for Armco iron and for iron-base
and nickel-base alloys. The heat resistance of these materials, and the
conditions under which they burn are discussed.

A -

Fig. 7. Schematic diagram
1l - Compressor station; 2 - noszle chamber; 3 - electric

heating; 4 - wind-tunnel test chamber; 5 - specimen;
6 - area used for calculations.
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When a thin film of molten metal move: on the surface of a body in
a high-speed air flow, wawes are formed on the film and this so-called
"liquid roughress" increases the turbulence in the boundary layer, and
thus, the heat exchange. M experimntal study [612) was carried out in
ordar to obtain a qualitative and quantitative evaluation of the effect
of this film on heat transfer. A nollow glass-reinforced textolite
aylinder 16 mm in damster with a (lat front face was placed in a super-
sonic flow. A film of molten tin o the surface of the front face of the
qylinder was produced in twe wayn; by kinetic melting of a tin rod (4 or
8 mm in Alameter) protruding :.to 2 mn and axially moveble through a
omntral ole in the fuce, or by forcing mlten tin through a porous
chromium plug incerted .7 the same hole. The experiments were oonducted
at a stagnation tenpersturs of 58J°7” and Mach numbers 1.8, 2.3, and 2.7.
™e two setups o1 tiwe experinent, tie equipment used, and the measuremsnt
tecdmnique spplied are described. The rates at which the rod melted, the
oonsumption of mplten metal, the heat-transfer coefficient, and the tem-
peratures are given in tables and dlagrams for various paremeter of the
oneoming flow, and their interrelation is disocussed.

Qualitative information on the melting behavior of bodies of certain
shapes in sipersonic lows can be obtained experimentally by using speci-
mons made of fusible metals. Mdsls made of Wood's alloy are used for
‘this purpose [59]). The low melting point of Wood's alloy made it possible
to carry out experiments in flows with relatively low stagnation temperatures
(about 88 to 89°C); the flow velocity was M= 1.7. The tast specimens were
oones with bases 6 to 7 mm in dlameter and spex angles measuring 10, 20, 30,
and 50°, The melting prooess was observed and photogrephed by a IAB-451
spparatus. A device (kimogreph) especially designed for the purpose was
used for the time-related recording of the melting process. Two photo-
grephs of the disintegration of specimens are shown (fig. 8 and Fig. 9).

Pig. 8. Melting of a cone with a 10°
.apex angle at 88.8°C and M = 1,7,
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; The execution of experiments is described and the results obtained are

: discussed; the constant rate of melting (the decrease ah of the cone

length h with time) for varicus apex angles a is shown in a dagram
(FMig. 10) a3 a function of time 1.

Pig. 9. Melting of a cone with a 20°
apex angle at 88.,8°C and M = 1,7,

An experirental investigation of the rate of melting of small
cylinders and cones made of lead and of aluminum in a hot supersonic gas
flow is described in [589]. The gas flow was obtalned by means of a \
i
A~ [ :
e e N
“ Y .,
[ ¥ ]
“
’
tage
%
E Fig. 10, Rate of cone :
: melting
é 1 - Cone with a = 10°; %
4 2 «a= 20° 3 «as= 30°, )
é‘ - =g = 50‘. f:

corbustion chamber with a Laval nozzle; three types of specimens were
used: 1) specimens for determining the rete of melting, the chenges in
their shape, and the supersonic flow pattems; they are solid lead and
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aluminum cylindsrs and oones with 10, 20, and X° spex angles; 2) lead
speclmna with protective noses made of materials that melt at high
tasperetures for testing the effect of the nose n the melting proocess;
mnd 3) specirsns with an axial chanel through which oooled air is blown
against the hot-gas flow so0 thot a sareen of 00ld air with a pressure
higher than that behind the shock wave is formed around the specimen;

the effectivensss of tnis method of protection against mel was in-
wstigated. The wlocity renge of the jet (30 mm in dlameter) was

M= 1.0 to 2.7, its tewperature renge — from 500 to 1000°C; the duration
of operetion was from 8 to 17 minutes, depending on the pressure and
tenperature in the corbustion chamber. The arrsngament of the wnit and
the specimens, the methods applied in measuring, recording, and evaluating
the obtained experimental data are described and explained; the results
of the inwstigation are discussed and conpared in diogmﬁ

-28 -



e LT T P PSR- ST T S RS

- L
o

Qroup C, HIGH-SPEED FLIGHT MECHANICS

NO publications directly concerning the mechanism of the
atmospheric entry of flight vehicles could be found in Come
munist-World open scientific and technical literature, Only
articles in periodicals on topics more or less associated
with atmospheric-entry dynamics can indicate the state of
research development in this fleld and show the means which
are available for realization of new ideas, These topics
concern the orbital and transfer motions of satellites,
flights of winged aircraft at very high altitudes, gliding
of 1lirfti.g bodies from orbltal and space flights, processes
and phenomena assoclated with the entry into dense layers
of the atmosphere (thermal radiation, dissociation of mole=-
cules, ionization and recombination of atoms), space vehicle
control, and rocket dynamics, as well as articles concerning
the effect of environmental conditions in space (e.g. gravie
tational fields, cosmic radiation, meteorite hazards).

l. Motion of a Variable-Mass Point

The most general problem of space-flight mechanics is
the motion of a mass point in a gravitational fileld, The
solution of nonlinear problems of motion is sometimes simpli-
fied by replacing the continuous changes in parameters (e.g.
distance, velocity, density) by step-wise ones, by dividing
the given range into sections in which the variable param-
eter under discussion can be regarded as a constant, or by
confining the analysis tc only one such step properly selected,
An approximate solution of the problem of motion of a point
of variable mass in a homogeneous central gravitational field
given in [790] is based on an assumption that the motion takes
place in a relatively narrow cylindrical (or spherical) layer
of thickness Ar such that the vali~ of the ratio Arkp (ry -
is the distance from the center of gravity to the middle sur-
face of the layer) is so small that it can be neglected if
compared with unity, in other words, that the magnitude of
the acceleration of gravity in this layer is constant, though
of variable direction. Such a field is called a homogeneous
plane~parallel fleld., Differential equations approximately
describ.ng the motion of a variable-mass point with a re-
stricted reactive thrust under these conditions are solved
with the use of Pontryagin's maximum principle. The optimal
programs for the control of thrust and its angle of inclination
are obtained by maximizing the corresponding functional and
by formulating and minimizing the Hamiltonian. The analysis
of these programs leads to the establishing of five regimes
for controlling the thrust under the conditicn that the
switching function § # 0. Yhen &§ = 0 and the velocity 1is
congstant, only a special-purpose control is possible,
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The random thrust deviations caused by the errors asso-
ciated with the realisation of an established optimum-~thrust
preogram induce disturbances in the calculat-d trajectory of
a8 body of variable mass. The effect of su.. variations in
thrust on the motion of a variable-mass body in a constant.
power flight in a gravitational field is analyszed in [837].
The optimal undisturbed motion of the body is discussed first.
Then the errors ocaused by the thrust variations and by the
inaccuracy in realization of initial conditions are examined
as well as the induced declinations from the trajectory and
the assocliated optimum corrections necessary to keep up the
desirable program of the reactive thrust. A functional ¢
concerning the acceleration due to the thrust in the case of
motion with errors and corrections is formed; the minimum
mathomatical expectation of its increment (¢ = epmip) 1is
determined for the optimum number of corrections and for
their optimum distribution, and the effects of both on the
motion parameters of the body are discussed. An approximate
expression for the minimum total weight of the body (with the
source of prwer and fuel supply) for the given value of ¢ 1is
also derived. :

A similar problem of determining the optimum motion
parameters of a body of variable mass in a gravitaticnal
field, taking into account the random processes of power
decrease, is discussed in [641]. Assumptions are made that
the scurce of power consists of a certain number of autonomous
sections which are switched off when damaged, thus causing
a step~wise reduction of the Jjet power, and that the weight
of the source of power is constant., Two types of random-
damage processes are considered: 1) processes stimulated by
inhomoganeous external conditions (the probability of damage
depends on the radius vector, i.e,, 1s assoclated with the
trajectory); and 2) internal processes and those stimulated
by homogeneous external conditions (independent of the tra-
jectory). The 1limit case when the source of power consists
of a large nunber of sections is also discussed; the step-
wise decrease of power in this case 1s approximately replaced
by a continuous one. In all these cases the solution of the
problem i1s reduced to finding the extremals of the acceleration
functional ¢, which 1s properly transformed for the case in
question (e.g. by introducing the acceleration of gravity).
Examples of the motion analysis of a variable-mass body with
the step-wise power decrease caused by random damage of type
(1) and in case of a continuous power decrease are presented.
An example <f motion with the source of power switched off
is also discussed under the assumption that in this case no
damage to the scurce of power can take place,
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Motion of an Artificial Satellite

It is very important to know the changes in the orbit
of a satellite caused by decrease of atmospheric resistance
with altitude and by changes in velocity. The problem of
determining such deviations of a satellite from an ideal
(undisturded) elliptical orbit (calculated without regard to
the braking effect of the atmosphere) with an eccentricity
¢ » 0,01 18 solved in [621], considering only the atmos-

sheric drag X as

the disturbing force, and, assuming the

effect of X to be small, thus applying the method of small

disturbances,

" The equation of the undisturbed motion of a satellite 1in
vectur form is used, and after certalin transformations he
equation of a slightly perturbed motion of the satellite is
derived from which the expressions describing the changes in
the altitude and in the duration of one ravolution are obta

80 that from the

orbit (focal distance p and ¢), a satellite-construction param-

known elements of an unperturbed elliptical

eter A\ = Cx+S/2m, and variation of density with altitude,
theae changes can be calculated. Here Cx is the drag coeffi-
cient, S is the cress-section area, and m is the mass of the

satellite.

The change of the trajectory of a satellite is of great
importance, e.g., in solving the rendezvous and docking
problems. Therefore, the problem of changing the plane of a
satellite orbit at velocitles close to circular crbital ones
with a minimum decrease of velocity as discussed in [652] 1is
of interest, This maneuver of a spacecraft at small angles
of inclination to the local horizon is treated by means of
the calculus of variations as optimal with respect tc the

~ loss of velocity.
+ the optimum regime is that at a practically constant angle of

It is shown that under these conditions,

banking y and angle of attack a« corresponding to the maximum
of the hypersonic lift-to-drag ratic L/D = k. Finite expres-
sions for the conventional dependence of aerodynamic charac-

teristics on the
able for optimal
y as independent
(v, o, and k) in
by a given angle

angle of attack are obtained in a form suite
programming in a general case by using a and
variables. The optimum-regime parameters
declination of the plane of an aircraft orbit
with a minimum deceleration is also discussed

in a case when the altitudes at the beginning and at the end
of the maneuver are prescribed,

The presence of an atmosphere around a planet is used to
‘decelerate a space vehicle approaching the planet, The
degenerate elliptical orbits -(braking passes) after which the
satellite either lands or is maneuvered into a circular orbit
far beyond the "boundary" of the planetary atmosphere are of
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‘a certain interest because there exists a possibility of
realiging planetary entry by using a special landing device
and leaving the basic vehicle in crbit. The transfer of a
space vehicle, which enters the atmosphere at a veloocity
higher than that of escape, to a circular satellite orbit is
discussed in [643]. The magnitude of the additional impulse
neocsssary for transfer of the vehicle from a braking pass to
& given circular orbit is investigated and it is shown that
a minimum thrust impulse is needed at the instant when the
circulay orbit is tangent to the braking ellipse in its
apastron. A simple formula is obtained for determining the
optimum increase in transfer velocity which depends on the
altitude of the prescribed circular orbit,

The investigation is based on the assumptions that the
gravitational fileld is a central Newtonian one, the altitude
of the circular orbit is much greater than the atmospheric
"boundary," the motion of the vehicle takes place in the plane
of the grascribed final orbit, and the "atmospheric" portion
of the braking passes is s0 small in comparison to their
length that their trajectories can be treated as ellipses.

The deceleration cof an artificial satellite in a plane-
tary atmosphere causes secular and short periodical changes
in the form and dimensions of its orbit. No studies con-
cerning the short periodical orbit perturbations caused by
the resistance of the atmosphere, such as those presented in
(624], are known., The general type of the first-order per-
turbations in elements of a satellite orbit induced only by
atmospheric resistance is determined under the assumptions
that the Earth's atmcsphere has a strictly spherical dis-
tribution and its density is a decreasing function of alti-
tude, and that the Earth's gravity can be replaced by that
of a mass point in 1ts centroid and having the same mass,

The functions on the right sides of the Lagrange equa-
tions describing the perturbations in the plane of an elliptic
orbit are expanded in trigonometric series of functions with
the average anomaly as the argument. A 3ystem of differential
equations containing Fourler expansions in terms of M is ob-
tained from which the secular and periodical perturbances
can be determined, the latter being elther odd or even func-
tions of M (either equal to zero or reaching the extremal
values in apogee and perigee respectively). A numerical
example of computation is presented, and it shows that the
periodical perturbances are small and can be disregarded in
evaluation of visual and rough photographic observations.

The motion of an artificial satellite with consideration
of the atmospheric resistance in a noncentral gravitational
field is a very complicated problem, and its solution 1is
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almost impossible without the use of a high-speed electronic
computer. In [620] a method is pressnted for convenient com-
puter calculation of the motion parameters of a satellite,
with the resistance of the atmosphere (rotating together with
the Earth) and the deviation of the gravitational field from
the central one taken into account; the disturbing action of
the 3un and Moon are neglected., A closed system of Aifferen-
tial equations in terms of osculating elements supplemented
by an equation giving the dependsnce of the true anomaly on
time 1is used to derive a system of equations completely deter-
mining the motion of the satellite; the effect of the non-
centrality of the gravitational field is accounted for dy
introducing the components of the disturbing ucoor.rntion
induced by this deviation.

The results of a numerical calculation of the ordbit
parameters of a satellite in a 700-day motion are presented
in a diagram and their variation is analyzed.
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3. Plight-Vehicle Dynamiocs

The laws governing the motion of various flight wvehicles
(airplanes, guided missiles, ballistic rockets, rocket-powered
vehicles) under various conditions of motion (steady, unsteady
and quasi-steady motions) are discussed, and their paths of
rllfbt are anslysed in a monograph EGRZ] under the following
basic simplifying assumptions: 1) the medium in which the
flight 1is performed is invariable with time; 2) the vehiole
18 & body of variable mass with a rigid skin; 3) transient
processes inside the vehicle (e.g. motion of fuel in tanks)
is neglected; and A) only the terrestrial gravitational field
is considered, In the first part of the book, the possible
and optimal trajectories of flight vehicles are discussed only
from the kinematic point of view (the laws of variation in
velocity, altitude, et cetera, with time) without touching
upon the control problems. The vehicle control and the
analysis of the stability of its motion will be the content
of a future, second part of this monograph.

The equations of motion of a flight vehicle are derived,
and mathematical fundamentals and initial data for determining
its trajectories are briefly discussed. The steady motion
of vehicles, their transient motioas in the vertical and
horizontal planes, the three-dimensional maneuvers, the range,
and the takeoff and landing characteristics are analyzed.

The methods of the calculus of variations are widely
applied to finding the optimum regimes of aircraft control
because they enable an analyst to select from an infinite
variety of possible regimes of motion (usually described by
nonlinear differential equations) the narrower classes of
motion for which the nonlinear equations can be integrated
in quadratures. The motion of an airplane equipped with a
liquide=fuel reaction engine on a circular orbit about 60 to
120 km over the earth's surface at speeds on the order of
M > 10 is analyzed in (651], the aerodynamic forces calcu-
lated by Newtonian theory. The optimum angle of attack
corresponding to the maximum lift-to=-drag ratio is deter-
mined by optimizing the functicn which expresses the L/D
ratio analytically. From the equations of motion of the
airplane centroid (treated as a variable-mass point) in
terms of projections of forces on the tangent and on the
normal to the trajectory, expressions for the functionals T
and L are derived which determine the duration of the flight
and the corresponding distance respectively. By using T and
L the solutions of the following variational problems of
flight dynamics are given: 1) to determine a law of the mass
variation of an orbital airplane during the flight such that
a) the power-flight section of the trajectory will be a maxi-
mum; b) the power-flight duration will be a maximum for the
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gen anourt of fael; axd ¢) the power- flight section will De ‘a maximum
ror a given time of flight., 2) To determine the extremal
power-flight times for a given range and for a given amount
of fuel, ‘

. In problems of determining the optimum regimes of flight
under given conditions, the feasibility of controls (their
characteristics) must be considered; otherwise, the solutions
could not be realized in some cases. The problem boils down
to the selection of an optimum control system for an aircoraft,
which is discusscd in [650]. An attempt 1s made to obtain
a more general solution of the problem by supplementing the
equatiaons of motion of the aircraft centroid by equations of
its motion about the centroid and by utilization of the Pone
tryagin maximum principle in formulating the optimization
criteria. The motion of an aircraft in the vertical plane
is analyzed for the case of a power flight in a homogeneous
gravitational field assuming that the drag variation and the
regime of engine operation are given functions of time, A
system of differential equations of motion and kinematic
relationships is written whose solution depends on the
selection of the time function §(t), where § is the rudder
angle, and on the initial values of the velocity components,
centroid coordinates, and thrust angle Y. The conditions of
the optimality of the control system (the values of § and ¥)
are determined, and it 1s shown that optimum control can be
realized either as a step-wise control (by alternation of
émax and é&pin) or as a special-purpose control (Y = const.,

6§ = 0)., A system of necessary and sufficient conditions
(initial, final, and for switching) for the realisation of
both types of control 1s given in a table and discussed at
length.

At flight speeds close to orbital, a winged space vehicle
or a lifting body has a large reserve of kinetic energy which
can be used in gliding flight, It is impossible to obtain a
closed general solution of the variational problem of deter-
mining the optimum trajectory in this case. Therefore, the
problem is solved in [635] by an approximate method, where
the gliding process is treated as a uniform quasi-steady im-
mersion of the vehicle in the atmosphere at an altitude of
70 to 75 km with overloads not exceeding 4 to 5§ G's. It 1s
assumed that terrestrial gravitation does not change with the
altitude, that the atmosphere is isothermic, and that the
flight is nonpowered. Using the equations of motion in terms
of the the projections of forces on the normal and tangent to
the path of gliding, the kinematic relationships, and the
equation of the L/D=curve, a system of three equations de-
scribing the trajectory of gliding is obtained, These equa-

tions contain four unknown functions (density o, glide angle ¢,

and 1ift coefficient Cy), so that a constraint must be imposed
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on one Of them. Solutions are given for the following cases:
1) gliding renge for p = const.,; 2) gliding with Cy = const,;
and 3) gliding with a constant glide angle rslative to the
looal horison. Results of a caloulation for an initial speed
of 6 km/sec, initial density of 8,34 x 10=% kg/seci/m" (at an
altitude of 49 kn)‘ gl = 0,141, wing loading of 500 kg/m?, and

drag coefficient a ro angle of attack Cxo = 0,02 are pre=-
sented in diagrans for lift-toe-drag ratioc values K = 3,5 to
0, and comparison with the data of an exact numerical solu=-
tion shows that the results are almost identical., This
article and the following ones in this group are the few
publications closely associated with the lifting reentry
problem, particularly its final stage==maneuvering in the
earth's atmosphere and landing. Its content can be applied
sither to gliding of a winged reentry vehicle or a 1lifting

body.

The maneuvers of a space vehicle in a gravitational field
can be executed by applying the thrust either in the direction
perpendicular to the radius vector of the vehicle (transverse
thrust) or in the direction parallel to its velocity vector
(tangential thrust). The motion of a spacecraft with a small
transverse thrust in a central gravitational field is dis-
cussed in [64T]), treating the vehicle as a mass point, As
initial equations, the equations of motion are used in polar
coordinates (r, .S in terms of nondimensional parameters
e = ro/ry, T = rou/8%, and r,2f/u = ¢, where r, is the radius _
of the initial circular orblt, u is the gravigy, 8 is the
double areal velocity, and f is the acceleration of the trans-
verse thrust., The quantity ¢ —the thrust-to-gravity ratilo
on the orbit-=1s considered as constant and small. The equality

o = 2(1 + 2¢ sine + ¢?R)

containing a new unknown function R 18 substituted for »p
in the initial equations of motion., The introduction of a
"correcting term"™ ¢2R is a significant peculiarity of the
solution, and contributes to its accuracy. In solving this
modified system of initial equations, an expression for R is
derived in terms of the functions of the argument x = Uge.

A comparison of the trajectory parameters calculated for
various values of x, both with the "correcting term" taken
into account and without it, is presented in tabular form,
and it shows that the results obtained with the consideration
of this term are more accurate,

The maneuvering of a space vehicle intoa prescribed cire
cular orbit around the Earth from some point in apace at an
arbitrary value of its velocity vector is a problem encoun-
tered in the return of a vehicle from a space flight. This
problem is discuased as a particular case in solving the
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variational problem of a transfer between two points in a
central gravitational field discussed in [648] as a plane
problem of transfer in a minimum time, under the assumption
that a constant acceleration is imparted to the vehicle by its
engine, The distance between the points is given by their
radius vectors. In solving the system of differential equa-
tions of motion, a time functional is obtained whose minimi-
sation gives the solution sought. The Lagrange method is
used, and the final equations obtained are solved by numerical
integration on the BESM=2 computer, considering two problems:
transfer between two circular orbits and placing a vehicle into
a circular orbit from a point in space. In the latter case it

is shown that the time required for transfer by means of thrust
tangential to the trajectory and the time for transfer by thrust

parallel to the velocity vector are practically the same.

The control of the rotary motion of a body in a space
flight by means of a system of reactive torque=producing
noszles is usually reduced to the selection of their thrust-
regime programming in accordance with the conditions of the
given particular problem. The determination of the optimum
law of operating the reaction-nozzle engines in decelerating
the angular velocity of a rotating symmetrical body which per-
forms a free motion in space around its center of inertia is
discussed in {654]. Two basic regimes of retarding the ro-
tation are discussed: 1) in the shortest time (unlimited
fuel consumption), and 2) with the minimum fuel consumption
(unlimited time). 1In certain particular cases, they can coin-
cide., This search for a tims-Optimum regime is based on the
assumptions that the nozzle engines produce control moments of
limited magnitude around the principal axes of inertia of the
body and that the inertia moments of the body and the direc-
tions of its principal axes are invariable., The solutions
obtained in cases (1) and (2) are analvzed, and it is found
that in case (1) all three ergines retroact simultaneously
up to the complete cessation of rotation,and in case (2) the
transverse torques act in turn and the longitudial torque

(along the axis of symmetry) acts continuously up to elimination

of the longitudinal component of the angular velocity. As a
particular case of braking the transverse rotation = the
stopping of the precession, i.,e., elimination of transverse
angularevelocity components .~ is discussed as well as the
construction of phase trajectories, i.e., the order in switch-
ing the noztle engines on and off,

An original discussion of the interesting and important
problem of the freesfall of a mass point in the cabin of a
satellite during a free flight and a flight in the Earth's
atmosphere 1is presented in [836]., From the equations (in
vector form) of motion of the mass center C of the satellite
(in coordinates with the origin in the Earth's center) and of
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the falling mass point M (coordinate center in C) in a free
flight when only gravity forces are acting, a second-order
differential equation fx the firee M1l is cbtainel whose goneral salu tion
contains six oconstants for which the parameters of the el-
liptiocal orbit are taken. The derivatives of the radius vector
with respect to these parameters represent the particular
solutions of this differential equation., By means of these
solutions, six radius-vector functions q and their time de-
rivatives § are written, The vectors p and p which determine
the position of M in the cabin and its velocity, in a coordinate
system with the origin at G are determined in the form

_lD - ?_:'1,334" b = BS; Colgs

where C_ are constants determined later from the conditions of an
impactllss separation of M from the cadbin. The separation
processes of M at the instant when the satellite passes its
perigee and when it is in a circular orbit are discussed., The
problem of determining the path and velocity of a mass point
falling in the cabin of a satellite is also examined in the
presence of nongravitational forces which perturb its Keple-
rian motion., The effect of the atmospheric drag, as such a
perturbing force, on the motion of M is analyzed in the case

of a circular orbit.
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4, Spaceship Oscillation

The oscillatory processes in the motion of flight wehi-
cles are of great importance for their design and operation.
This importance inoreases with growing flight parameters .
(e.g8., speed, pressure, temperature;. In this section, only
p ~ications are reported which concern the oscillation of a
rigid vehicle as a whole, either about its center of mass or
relative to its trajectory, disregarding its deformations,
Publications on the vibrtt{on of airoraft considering the
associated stresses and strains are reported in group D,
section 2, )

The oscillation of an artificial satellite around its
center of mass under the action of gravitational moments
durinz 1ts motion in an elliptic orbit is discussed in detail
in (645a), with special attention being paid to the effects
of resonance. An investigation of the conditions for the
existence and stability of the gtate of relative equilibrium
of a satellite (i,e,, equilibrium in an orthogonal cocrdinate
system with its origin in the satellite centroid) and a libe
rational motion around this state was carried out by the
author in ISZ, no, 3, 1959, 13=31, In the present article,
the small forced plane oscillations of the satellite (induced
by the ellipticity of the orbit and described by an equation
of the pitcheangle variation) in the plane of its orbit are
discussed, and a formula describing the associated forced
oscillations of the eccentricity of the orbit is derived,

The steady-atate oscillations in the cass of a parametric
resocnance are analyted, and the region and magnitude of reso-
nance values of the natural frequency are determined., A
criterional inequality is derived which shows the domain of
nonsteedy oscillations. The resonance values of oscillation:
parameters in the case of three-dimensional oscillations are
determined by supplementing the equation of the pitch-angle
variation with those of the roll and yaw angles.

Solutions are obtained which describe the transverse
oscillations of a satellite in an elliptic orbit and in a
circular one (by putti the eccentricity of the elliptic
orbit equal to sero). e only value of the frequency para=-
meter at which the parametric resonance in transverse oscile
lation can take place is determined.

The problem of controlling the self-induced plane oscile
lations of a spaceship relative to its trajectory by an im-
pulse=type automatic control system is discussed in ([646)
under the assumptions: 1) that the sensors of control systea
which record the angle of deviatian of the vehicle from the
prescrided direction have certain dead sones on whose bound-
aries discrete control impulses of a constant aagnitude are
produced by the servos; 2) the sensors and servos are of
arbitrary nature; 3) the duration of a control impulse is
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short, so that during that time the angle of deviation does
net change, and thus the angular velooity ohanges step-wise;
and &) the psrturbing moments acting upon the vehiacle are
conssant in magnitude and direction. Assumption (2) permits
omitting vonsideration of the fuel consumption and discussing
instead the oconsumption of energy, which 1s given for a certain
time t by a formula O » ngt/T, where n is the number of im-
pulses in one oycle, g is the known energy cotisumption in

one ulse, and T is the duration of a ayocle. The formula
shows tha¢ fbr—finding the energy consumption the values of

T anid n must be determined,

The self-induced oscillationa in unperturbed motion
(1.e., the absence of perturbing momenis) and under constant
perturdbing moments are discussed, and the energy consumption
and duration of a cycle sure determined in terms of nondimen-
sional parameters of perturbing and contreiling moments. The
relationship between energy=-consumption and disturbance para=-
meters is established and illustrated by diagrams,

The osciliatory motion in the vertical plane of a winged
solid=propellant rocket in powered and non-powered flights is
studied in ([633]. An analytical solution in the form of finite
formulas and tabulated functions is obtained for determining
the parameters of this oscillatory motion occurring when the
steady motion of the rocket is perturbed, e.g., by deflection
of elevators, cutein and cut«off of the engine, or wnen the
thrust becomes eccentric, The following principal assumptions
and constraints are used: The incidence angles of wings and
control surfaces are fixed, and the eccentricity of thrust is
constant; the angles of attack u and of inclination of the
vector velocity are small; the drag coefficient 1s constant
and the derivatives of the coefficlents of aerodynamic forces
and momenta with respect to a and to angular velocity are
independent of the flight veloclty; the mass and centroid of
the rocket and the thrust are constant during the burning of
the propellant. Linear equations describing the dependence
of the lift and of the pitching moment on the angle of attack
and angular velocity are used as initial ones, and a second-
order linear inhomogeneous differential equation with constant
coefficients which describes the motion of the rocket is
obtained, 1In this equation the distance along the trajectory
is taken as the argument. The solution of this equation is
given, the osclllatory behavior of statically stable and
unstable rockets in flights with the engine switched in and
shut down is analyzed, and the coordinates of motion of the
centroid are determined., The term "statically stable" ("unstab¥') is
applied to a rocket whose m2 < 0 (m§ > 0), where m2 is ¢he .
derivative of the pitching-moment coefficient with respect to a.
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5. Meteorite Hazard

The encounter of a space vehicle in flight with meteors
and meteoric particles (micrometeorites) is very probable,
and measures for protectinz the vehicles against punctures
are developed in two ways: thecretical and experimental
investigations of the nature and mechanism of the puncture
procecs at velocities on the order of 10 km/sec or more,
and the design and construction of protective means (e.g.,
increase of the wall thickness, special shielding) to pre=
vent punctures. Results of an experimental observation of
the mechanism of impact of two bodies-=one of a small mass,
the other of a large mass--at velocities of 3 to 7 km/sec,
and X-ray photographs of the process of interaction between
them at velocities up to 2 km/zec have been used in [672a]
for a first-atep solution of the impact problem at very
high velocities by constructing an impact model which retains
the basic features of the phenomenon and permits determining .
the fundamental parameters of the impact process. The mech=-
ani;m otlimpact of a crlinder on a semifinite wall is shown
in Pig. 1l1.

Fig. 11

The cylinder is partly meltcd in the impact and takes on a

mushroom shape OAA,A,E,B;B; KK and nn are are shock waves in

the wall and cylin&er respectively; the metal between KK and

nn is in a liquid phase and is about to be ejected., The im-

pact problem is reduced to the investigation of the motion of

this 11gu1d, assumed to ve incompressible, and is solved by

means of classical methods of hydrodynamics for cases of po=-

tential and vortex motions. Formulas for the geometric param-

eters of a crater in the so0lid related to the length and

diameter of the impacting cylinder and density parameters of

the cylinder and wall materials are given., Results of cal-

culations for impact velocities from 11 to 88 km/sec rfor

various geometric a~d density parameters are given in a table,

If less than the whole liquid phase 1s ejected from the crater

during impact, an "inertial" increase of the crater takes .

place, 1.e., the remaining liquid produces a certain addie- -—
tional deepening. '
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The first logical and simple measure to protect a apace
vehicle during its flight beyond the Earth's atmosphere against
puncture by meteorites is to increase the wall thickness, But,
a considerable increase in the weight of the vehicle in this
nase makes 1t naocessary to search for other means of protec-
tion. A protective method proposed by F, Wipple (Astronomical
Journal, v, 52, 1947, p. 131) is based on the assumption that
in the impeact an oxpiosion occurs, and the meteorite and a
certain anount of the wall material evaporate; thus the ve-
hicle should be snveloped in a mantle (with a gap between it
and the outer asurface of the vehicle) which act as a meteor
damper, so that the outer surface of the vehicle wall would
be exposed only to the weakened action of the explosion
producis, An approximate method is propesed in [668] for
estimating the upper values of the thicknesses L, of the
mantle and I,, of the wall, and of the magnitude h of the
gap, which means that all assumptions and simpliifications
uced in thies nmethod are on the safe side, leading to larger
dimensions, It is assumed that an oncoming meteorite punc-
turea a hels of radiua r; in the mantle, evaporates and takes
the form of a dense mass of vapor of radius ro and length 1
(the zeme as tne hole and thickness of the mantle); the vapor
sxpande oaly lengthwise during the passage of the gap h. The
wall thickness is determined from the condition that all the
kinetic snergy of the vapor is spent in vaporization of the
wall meterizl. The tnickness I, of a wall not protected by
& man*le is determined and an expression for the ratio
(lg ¢+ ly)/L is derived for the given h.

The gselection of the most rational values of h/L, 1,
and (lp + ly) bazed on calculations is discussed, and the
weight of the cover of a space vehicle in the case of an
unprotected wall (I.) and a mantle-protected cne (1, + ly)
are compared and the advantages of the latter are pointed
out. The method can be made more exact as more knowledge on
meteors and taeir interaction with a wall is acquired. .
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GROUP D, STRENGTH OF FLIGHT-VEHICLE COMPONENTS
(Thin and sandwich plates and shells)

Thin plates and shells, solid, lamlnated and of sandwich
construction, are the most frequently used components in the
congtruction ¢~ “light vehicles, machinery, and instruments
of modern de: ..., Box=type spars of airplane wings, the
fuselage and wing skin; the bodlies of rockets, satellites
and space vehicles; the membranes, diaphragms, and bellows
of instruments; the cases and diaphragms of turbomachines,
etc., consist of these elements or of their various combina-
tions. The most significant role in the development of the
design of these constructions is played by the theory of
plates and shells, especially the works of K, Z, Galimov,

A. L, Gol'denveyser, Kh., M. Mushtari, V., V., Novozhilov, V. Z,
Vlasov, and of others on the thin plates and shells which are
well known outside the USSR from their translations, mainly
English, In this report only those publications concerning
the theory of thin plates and shells will be mentioned which
are assoclated with topics related to high-~speed flignt
vehicles and their operation: minimum-weight design, load-
carrying capacity, thermal stresses, dynamic stabllity,
aeroelastic and aerothermodynamic problems, and liquid-filled
shells. All these publications can be divided in two groups:
publicationy dealing with static and with dynamic stress and
strain analyses,

l. Static Stress and Strain Analyses

Cantlilever anisotropic or orthotropic plates are often
used as design models for monolithic cantilever wings or
control surfaces of high-speed aircraft or winged space ve-
hicles. The term "monolithic wing" means a wing with a thick
skin which %s able to resist the aormal and tangential stresses
varying over the skin thickness. The spars and ribs of such
a wing are designed to resist only the shear forces. This
type of construction is used in high-speed aircraft wings,
tail units and in fins of rockets and missiles. Thin mono-
lithic wings have lower rigidity in bending and especially
in torsion thus creating serious aerocelastic problems.

a, Wing design
The general atrength of a sweptback wing of monolithie

construction stiffened with stringers and with ribs parallei
to the fuselage axis is analyzed in [677]. The wing is under

- uniform continuous loading (flexural and toreional moments,

H

and shear forces) and a concentrated load, all zpplied 2t
the {ree end of the wing. A cantilever anirotropic plate 1is

© taken as & desizn model, and the strezs analysis is carrisd

i, TR e
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out under conventional assumptions of the small-deflection
theory. The relationships between the stress and displace-
ment components are established, and the determining of
stresses in the skin is thus reduced to determining the
deflections of its middle surface., The principle of virtual
displacements is applied to derive approximate differential
equations of the four .h crder with boundary conditions for
determining the deflections, from the equality 8U = 8A, where
U i1s the potential energy of the wing and A is the work of
external forces. The equations derived contain a deflection
function which takes account of the rigidity of the wing, so
that these equations are correct for wings with thin or thick
skins, A simplified solution of these equations is obtained
for "rigid" wings for which an assumption can be made that
the form of the cross section 1s not disiorted by deformation
under loading. The effect of the sweepback angle and the

- aspeect ratlo on the stress distribution along the span and

in the root cross section of such wings 1is analyzed and the
results are shown in diagrams. A way of obtaining a more
exact solution (with consideration of the distortion of wing
cross sections) by means of the method of successive approxi-
mations is indicated.

The growing speed of flight pressed aircraft designers
to use thin wing profiles, thus reducing the flexural and
(mainly) torsional rigidities of the wing and making its
loading and stresses more dependent on deformations. The
problem of determining the stresses with the effect of de-
formations taken account is considerably complicated by the
fact that the external loading remains unknown until the prob-
lem is completely solved. The strength of a thin elastic wing
of monolithic construction with regard to the effect of de=
formations 1s analyzed in [689] under conditions and assump-
tions as in [677]. The problem 15 discussed in a static
for-ilation, which means that an equllibrium in the process
of changes in deformations and in associated external forces
18 considerecd and that the change in the 1ift coefficient
caused by deformation is proportional to the change in the
angle of attack., The mass forces are taken into account, and
the interrelated stresses and deformations are determined in
two cases: 1) when the angle of attack at the root cross
section of the wing 1s prescribed (e.g., flight in gusty air);
and 2) when the load factor is prescribed (flight along a

given curvilinear trajectory). The design formulas for stresses

and deformations are given in matrix form, which is very con-
venient for making calculatlons, especlally on electrenic
computers,

The possibility of using these formulas for other pur=-
poscs, for example, in determining the aerodynamic loads, .
11t and moment coefficients of an elastic wing with its de-
formations taken into account, is pointed out, and the diver-
gence and alleron-reversal speeds of an elastic monolithic
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wing are determined as examples of such applications,

The solutions obtained in [677] and [(689] are generalized
in [715] for a monolithic wing with nonparallel stringers
and with ribs parallel to the plane of the root cross section,
The stiffeners (stringers and ribs) are treated as flexible
ropes carrying only axial loads. It is assumed that the
wing elements resisting the shear forces (the skin and the
webs of ribs and spars) are continuously distributed (along
the span and chords respectively). An anisotropic plate is
used again as the design model, Two speclal cases of a
monolithic wing design are examined: 1) when sharp changes
in loading (e.g., a concentrated load) or in the shape take
place in some cross section along the span; and 2) when the
wing 1s of a continuous type (i.e., has a central portion
under the fuselage). The changes in equations and boundary
conditions involved in cases (1) and (2) are discussed, and
in the latter case the simplified general formulas (obtained
by assuming a nondistorted cross section of the wing during
its deformation as in [677]) are given. The results of com-
puting the stress distribution and the deformation in the
root cross section in following triangular wings with a 45°
sweep of the leading edge and with the trailing edge pere
pendicular to the fuselage axis are shown in diagrams and
are briefly discussed: three detachable wings with various
arrangements of stringers (parallel to the tralling edge,
parallel to the leading edge, and parallel to the median of
the wing-tip angle); and two continuous wings with different
arrangements of the central portion; both with stringers
intersecting in the wing-tip corner.

The effect of nonuniformity in strength and spacing of
the stringers over the depth of various wings (rectangular,
sweptback, and triangular) on the stress distributivn in
outer fibers of the wing skin is discussed in ([722) by pre-
senting the results of theoretical stress analysis by the

. method given in [677] and ([715]. The calculations were

carried out for two patterns of stringer arrangement: 1) the
effectiveness of the stiffening decreases (stringers are
weaker and their spacing grows) along the chord with ine
creasing distance from the leading edge; and 2) the stiffening
pattern is inverse to that in case (l1). The following types
of wings were considered: a) straight wings of rectangular
and double=wedge cross section constant along the span;

b) sweptback wings of cross sections as in (a}); ¢) triangular
wings of rectangular cross section with various directional
arrangements of stringers (as described in (715)). The veria-
tions of longitudinal stress in the root cross section are :
shown in diagrams and discussed as well as the displacsment

of the flexural axls, the additional stressas due to con-
stralned torsion, and the dependence of the stress distribution
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on the arrangement of the stringers,

The stress distribution in tapered wings is similar to
that in conical shells under similar conditions. The inves-
tigation of stress-strain relationships in a sharply tapered
thin-walled flattened conical shell having the shape of a
tapered (in plan and thickness ratios) wing is presented in
(719]. The equations for determining the deformations and
stresses in the shell of constant thickness are derived in
displacements and are based on the general variational method
proposed by V., Z, Vliasov., This approach to the problem per-
mits determining the stresses and strains in the shell in
~a simple.way and with a satisfactory accuracy. The basic

assumption used is that the stress distribution 1s uniform
along the thickness of the thin shell. The longitudinal and
lateral displacements of a point on the surface of a panel
(between spars and adjacent ridbs) which are caused by external
forces are investigated, and systems of Euler-~type differen-
tial equations (in terms of generalized displacements) with
variable coefficients (containing the distribution functions
of displacements) are derived. The extension of these equa=-
tions to stringer-stiffened shells is briefly discussed,

The application of the proposed method is illustrated
by deriving the design formulas for a wing-like cantilever
conical shell under a lateral force at the free end and by
presenting a numerical sample calculation., The systems of
differential equations obtained can be applied to designing
one=cell and multicell conical shells under arbltrary loading,
and to determining thermal stresses due tc constraints in
bending and torsion.

b. Minimun-welght design

The problem of designing a structure having a minimum
welght under given conditions 1s assoclated with the lower
and upper estimates of 1limit loads for this structure by
- applying the yleld conditions for maximum tangential stress
and for maximum reduced stress, respectively. In [807] the
yield condition for the maximum reduced stress 1s used for
determining the lower limit load in designing a cylindrical
ghell of minimum weight under continuous uniform internal
loading. The shell 1s of sandwich construction; the faces,
of variable thickness, are of a perfectly elastic-plastic
material, so that the minimum-weight and minimum=volume
problems coincide; the material obeys the yleld condition
under maximum reduced stress and the assoclated flow pattern.
The core, of constant thickness, is cf a lightweight material.-
The yield behavior of a simply supported cylindrical shell is
investigated, and the corresponding deflections, the varia-
tion of the face thickness along its axis, and the volume
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(1,e., the weight) of the shell are determined and shown in
diagrams. The volume of the variable-~thickness shell 1s com-
pared in a diagram with the volume of a constant-thickness
shell in relation to the length of the shell,

Analogical analysis is carried out for a cylindrical
shell with fixed ends. By the comparison of weights the
author comes to the conclusion that a noticeable economy in
weight can beachieve. by using short shells,

The optimum design of a medium~long or a long shell of
given thickness stiffened by annular frames of different
rigidity and acted upon by external pressure is solved in
[795]), with the requirement that the shell must have the
same stability against various modes of buckling. The
method of initial parameters in matrix form is used in de-
termining the necessary rigidity of the annular frames., The
shells with one, two, and three frames are analyzed, and the
author comes to the conclusion that equistability can be
ensured by two methods: 1) in a case when identical rigidity
of the frames 1s prescribed——by the selectlion of their proper
spacing, and 2) when the spacing of the frames is uniform—by
using frames of various rigidities, .

Shells consisting of two layers ¢f different materials
are an important constructional element. Metallic shells
with an inner or outer layer of plastics used either as
thermal insulatlion or as ablation shielding or a protective
layer against corrosion are often used in aircraft design,

A cylindrical shell with an outer layer of polymeric material
with a filler, exposed to the action of internal pressure and
of a temperature field is discussed in [743] with the purpose
of determining the state of stress in botn layers and of
establishing their minimum-welight relationships. The outer
layer is treated as a constructionally orthotropic membrane
shell stiffened by equidistant stringers and uniformly spaced
prestressed rings. The inner layer 1s treated as a shell
with bending stresses. The interaction between both layers
i1s investigated assuming their Jjoint deformation, and a
fourth-order differential equation (containing the pa:ameters
of rigidity, pressure, and temperature) of the problem on the
states of stress and strain of the shell 1s derived; the con=-
stante of integration of this equation can be determined from
the boundary conditions and used in finding the stress dis-
tribution at the ends of the shell (the edge effe:t), These
constants are determined for two arrangements of the bottom
of the shell: 1) plane hinged bottom with a reinforced flahge,
and 2) semispherical bottom rigidly connected to the shell. -
The minimum-weight problem of this shell 1s solved under the
assumptions that the whole shell is in & membrane-stiress state
(because the edge-effect zones are very narrow, only a few

#
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shell thicknesses) and that the outer layer has only the
stiffening rings. The minimum weight is determined under
the condition that stresses in the layers should not exceed
the prescribded limits; the thicknesses of the layers as well
as the initial tension in the outer layer can be determined,

c. Load=carrying capacity

The load=carrying capacity of a structure is understood
to be the value of a limit load which the construction can
carry without failure or buckling under a certain loading
path. The ocslculation of the load capacity and the investi-
;nt&on of the effect of certain structural parameters on the

imit-load variation help to keep the weight of the structure
low. 1In (824] an attempt is made to develop a comparatively
simple method for determining the load-carrying capacity of
stiffened thin-walled circular cylindrical shells urnder axial
compression. The method is based on the assumption %‘hat the
longitudinal members of a real shell with manufacturing
irregularities and other deviations from the design conditlons
are subjected to a combination of axial and transverse loasd-
‘ings; the presence of stiffeners (stringers and frames)
Jnat{ries treating the shell under discussion as "construc-
tionally" orthotropic. The cases of axisymmetrical and of
axially asymmetrical initial imperfections of the shell are
discussed., In the former case, formulas for the critical
(failure) stresses in stringers and frames are derived,
Either the buckling stress in certain eiements of a stiffener
or the yield stress of the material (whichever is lower) is
taken as the critical stress. In the axially asymmetrical
~ case, an analogous procedure is used, and simllar expres-
" sions for critical stresses are obtained. The discussion
of the effect of the internal pressure 1n cases of both sym-
metrical and asymmetrical initial irregularities on the load-
carrying capacity of a constructionally orthotropic cylindri-
cal shell leads to the conclusion that the internal pressure
can increase the load capacity in an asymmetrical case when
the circular frames are relatively weak or when only stringers
are used,

The load-carrying capacity of a plain cylindrical shelil
under pure flexure is discussed in [826]. An attempt is made
to obtain a physically convincing and simple mathematical solu-
tion of the fallure problem based on geometrically linear
theory and to define more exactly certain principles con-
cerning the buckling of tiie shell, The load-carrying capac-
ity of the shell is determined from the conditions of strength
and of buckling of the shell. The strength of a plane cyline
drical shell under pure flexure and external uniform radial
pressure is analyzed under the assumption that the load capac-
ity will be exhausted when the total stresses at a certain
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point exceed the yleld stress of the material. The formula
for determining the load=carrving capacity of the shell with
respect to its atrength is derived, and the results of cal-
culation are compared in a dlagram with experimental data

. obtained by other authors. The load capacity of the shell
with respect to local buckiing is also analyzed, and it is
shown that the presence of radial pressure decreases the
critical (failure) stress in the shell. A practical formula
for determining the real critical stress is given. Falr
agreement of the theoretical values with experimental data
can be seen in thé¢ above mentioned diagram. The coincidence
between theoretical and experimental results in determining
the load capacity with respect to beth atrength and buckling
as well as the different character of the digscrepancies in
the buckling behavior of shells under flexure and under pres-
sure are examined in more detail, and the feasibility of
extending this study to constructionally orthotropic, 1i.e.,
stiffened, shells is mentioned,

A general solution of the problem of the rigidity of
cylindrical shells having frames at the ends and several
frames arbitrarily spaced between them is presented in [827].
The effect of the spacing of an arbitrary number of inter-
madiate frames on the strength, buckling, and free vibration
of a cylindrical shell 1s investigated under the assumption
that these frames are elastic in their planes but perfectly
pliable in the out-of-plane direction; the end frumes can
be either rigid or elastic. In solving this combined vari-
ational problem, the radial cdisplacements W are taken as
an unknown function and the hoop stresses, bending monents,
shear forces, and the potential of external forcee are con-
sidered in writing the energy functional for & section o
the shell between the frames. By minimizing this functional,
a fourth-order differential equation with boundary conditions
is derived from which the general solution (an expression for
W) is obtained., By using proper boundary conditions the
solutions for either the fixed, simply supported, or free
ends of the shell can be derived., The adaptation of the
general solution in the following particular cases is d4is-
cussed: 1) the strength under axisymmetrical loading; 2) the
axisyrmetrical mode of shell buckling; 3) the ‘shell under
lateril flexure combined with axial ccmpression; and 8) axi-
symmetrical free vibration of the shell.

The buckling behavior of a shallow oblong ecylindrical
penel with longitudinal ribs (which are hinged to tke shell)
subjected to a uniform normal pressur is investigated in
(794). The pressure is q(t) = Mq + £(t), where %he pressurse -
function Mq = const, and £(t) is & time function describing
a random stationary process. The preaence of disturbances
¢(t) causes the crossing of the potential barrier of the panel
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and thus its premature (from the viewpoint of the classical
stability theory of elastic systems) buckling at a certain
random instant t, PFrom the numerical characteristics of ¢t
one can make & judgement about the load-carrying capacity of
the panel, It is assumed that ¢(t) has a wide<band character,
i.0,, its correlation time is small in comparison with the
natural frequency of the panel, as it is in the case of real
disturbances of acoustic or acrodynamic origin. Equations
previously derived by the author (under the assumption that
the deflection and its firat time derivative descridbe a
Markoff process) are used in determining an expression for
the mean time of buckling from which a qualitative estimate
of the load=carrying capacity can be nmade,

The problem of the stability of circular cylindrical
shells under axial compression forces nonuniformly distributed
along the edges of their faces has been studied by many authors
with satisfactory results. But the effect of nonuniformity
in the distribution of compressive forces on the amplitude
of the critical (buckling) stresses is insufficiently known,
and considerable discrepancies exist between values of atress
factors accounting for this nonuniformity. The linear problenm
of the local stability of a circular cylindrical shell with
its faces abutting on rigid diaphragms and subjected to com-
pressive loading, which varies according to the cosine law
in the middle surface of the shell is investigated in [8093
with the purpose of comparing the values of buckling stresses
under nonuniformly and uniformly distributed loadings. The
procedure in deriving a formula for local deflections is
outlined, and the results of the computation of relationships
between certain buckling parameters are presented in diagrams.
By analyszing these relationships, the author comes to the con-
clusion that nonuniformity in the distribution of compressive
loading has no influence on the magnitude of the buckling
stresses, Local buckling is analyzed in the example of a
long cylindrical shell placed in a high-temperature field and
partly filled with zero-temperature liquid, so that a tempera-
ture jump which causes thermal stresses takes place in the
circumferential direction. Expressions for the buckling tem-
perature and associated critical compressive stresses are
derived, and the calculated values of the buckling stresses
are practically the same as those obtained for the same shells
under uniformly distributed compressive loading.

d. Thermal stresses and buckling

Temperature changes in the surrounding medium cause
volume changes in bodies placed in this medium which result
in a state of stress and strain. The magnitude of these
stresses and strains must be kept within certain bounds in
order to prevent thermal failure of the body. Establishing



temperature-dependent stress-strain relationships and deter-
mining thermal stresses and strains 18 the purpose of many
studies pudblished in the Communist World, the most charac-
teristic of which will be mentioned.

The behavior of a heated orthotropic ~late 1s investi-
gated in [758] by taking into account the shear stresses
19g = [£1(2), ®(x, ¥v)] and ryg = [£(2), w(x, y)] according
to the S. A, Ambartsumyan theory of anisotropic shells, and
assuming that the relative deformation over the thickness of
the plate ez is given by the free thermal expansion in that
direction eg = B T, where ¢(x, y) and v(x, y) are the unknown
functions, f;(z) and f;(z) are the given functions determining
the pattern of variation of txg and tyz along the plate thick=
ness, 8, 1s the coefficient of thermax expansion along 2,
and T 1s the temperature, The elasticity and shear moduli,
Poisson's ratio, and 8 are the given functions of T. The
origin of the coordinate axes is in a corner of the plate
with the z-axis along the plate thickness. Starting with
the integration with respect to z of the different_al equa-
tion of equilibrium of a plate element, a solving system of
five differential equations with variable coefficients is
obtained for determining the three displacement components
and the functions ®(x, y) and ¢(x, y). The application of
these equations to the following particular cases i1s shown:
1) when T varies only along the z-axis; 2) when T varies
along the x- and ye-axes; and 3) cylindrical flexure of the
plate, A sample analysis of stresses in a case when the
temperature is zero under the plate and changes linearly
from zero to U400°C on the upper surface 1s carried out for
a plate with two opposite sides clamped, and the considerable
effect of transverse shear stresses on the magnitude of the
resulting forces and moments is pointed out,

The buckling behavior of plates and shells in a super-
sonic gas flow was examined many times and the detaormining
parameters obtained were mostly estiblished in relation to
the initial (prebuckling) state of these structures. But
in solving the problem of the thermal buckling of plates
and shells in a gas flow, their stabllity in the buckled
state 1s of most interest. The behavior of plates and shells
under the postbuckling conditions is discussed in [741] by
using the published data on flight conditions of the V-2
rocket, and it is shown that under these conditions the thermal
buckling is a prevalent factor in failure at high temperztures.
The equations describing the vibration of plates and shallow
cylindrical shells under conventional assumptions (validity of
Kirchoff=Love hypothesis, comparability of deflections with
the thickness, given temperature fields, etc.) are brought
to a nondimensional form, and a system of determining param-
eters (temperature, pressure, structural damping, velocity,
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etc.) are brought to a nondimensional form, and a system of
deternining parameters (temperature, pressure, structural
damping, velcsity, eto,) is discussed and selected. Only

the temperature parameter ¢ and velocity parameter u are cone-
sidered in the study of the postbuckling behavior of a coylin-
drical shalléow shell of a rectargular planform with super-
sonic gas flow on the outer surface along the directrix. It
is shown that the shell undergoes either thermal buckling or
flutter and that the cause of failure depends on the relation
between o and u. The calculated values of these parameters
for varivus length-to-thickness ratios a/h of the shell are
plosted in (0, u) coordinates, and the regions of stadility,
flutter, and thermal buckling are determined (Fig. 12), The
Ca conclusion is reached that the problem of
4 - thermal buckling of shallow shells in

. ‘ high-speed gas flows deservem perhaps not
less, but more attention than the problem
- of flutter,

The assumption usually accepted at
y lower temperatures that the physical
properties of materials are independent
of the temperature is inadmissible in
lﬂr , designing modern flight-vehicle structures,
. Stapility where the gradients of temperature filelds
are high and grow with the increasing
kinetic heating due to increasing speed
: .~ of flight. The large temperature gradients
rig. 12 cwipel consideration of the dependence of
elastic constants and thermal expansion
coefficients of materials on the temperature in determining
the thermal stress and strain distributions, as well as in
solving other thermoelastic »roblems. An analysis of thermal
stress-strain relationships in an orthotropic shell of revo-
lution with consideraticn of the time-dependent physical prop-
erties of its material is presented in [7T42] in linear formula-
tion, disregarding creep, and assuming the validity of the
generalized Hooke's law, The usual assumptions (on preserva-
tion of normals, free thermal expansion over thickness, negli-
gibly small thickness-to-radius ratio, etc.) are applied in
deriving a system cf linear differential equations and of
formulas for determining the forces and displacements in the
meridional, circumferential, and normal-to-surface directions,
&8 well as the moments in the meridional and transverse planes.
The integration of the equations is impossible in the general
case; therefore, these equations are rewritten for particular
shells of revolution {cylindrical, conical, and spherical)
and for a circular plate. There is a detallsd discussion of
the thermal problem of a cylindrical shell of revolution in
the case when the temperature varies linearly along its length,
Young's modulus varies linearly with the temperature, and
Poisson's ratio 1s independent of the temperature.

.
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The skin of a stiffen~d shell moving at high speed in
the air is considerably heated whereas the inner stiffening
members remain cool and hinder the thermal expansion of the
skin, thus creating compression stresses in the skin and ten-
sion stresses in the inner members, so that buckling of the
skin can occur., The thermal stability of an orthotropic cir-
cular cylindrical shell in an external temperature field is
discussed in [804] under the assumotion that the induced
thermal stresses in the skin are constant along the length
of the shell and across the thickness of the skin and vary
over the circumference, This simplification of the original
problem reduces the problem of thermal stability of a shell
to that of its static stability under proper boundary condi-
tions,

Fundamental equilibrium equations for an orthotropic
cylindrical shell in terms of displacements are derived in
general form assuming a membrane state of stress prior to
buckling. These equations are used in determining the sta-
bility of a simply supported cylindrical shell by selecting
the corresponding boundary conditions, and an infinite linear
system of algebraic equations is obtained. By equating the
determinant of this system (the stability determinant) to
zero, a general solution can be obtained by a complicated
procedure, which can be greatly simplified for particular
loadings. Simple design formulas for the buckling stresses
in orthotroplc and isotropic cylindrical shells under axial
comgregsion and for orthotropic shells under flexure are
derived,

By the nonuniform heating of long cylindrical shells in
the circumferential direction, longitudinal stresses which
can cause their buckling are originated in their middle sur-
face. The clarification of the effect of nonuniformity in
the thermal stress distribution on the magnitude of the
buckling stresses needs supplementary studies, The local
buckling of a circular cylindrical shell under the above
conditions is investigated in [762] as a linear problem.
Starting with the stability equations and taking the unknown
functions in them in the form of trigonometric series, an
infinite system of homogeneous equations is obtained in matrix
form, thus reducing the problem of determining the buckling
stress to determining the maximum eigenvalue of the matrix
(by the iteration method); the eigenvector of the matrix will
determine the deflections., A case of practical importance is
the stability of a cylindrical shell in the horizontal position
partly filled with a zero-temperature liquid and placed in a
medium with a higher (lower) temperature corresponding to
heating (cooling) of the liquid. The buckling behavior of
the shell, the buckling temperature of the medium, and the
effect of the level of liquid in the shell are discussed and
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1l1lustrased by diagrams. It is shown that the investigated
nonuniforwity in atress distribution has practically no effect
on the magnitude of the local buckling streas,

e. Sandwich constructions

Plates and shells of sandwich construction are exten-
sively used in aircraft design (lifting surfaces, fuselage)
not only for their higher loade-to-weight ratio but alsc for
their heate and sound-insulating and vibration-damping prcp-
erties. The stress analysis of the sandwich plates and shells
under various external loadings and boundary conditions 1is a
topic often discussed in Soviet technical scientific literature;
the buckling behavior of sandwich plates and shells is dis-
cussed less often, The skin of a wing of sandwich construce-
tion is subject to aerodynamic heating in high-speed flight;
the outer face of the sandwich skin is heated much more than
the inner face, and thermal stresses occur. The effect of
thermal stresses on the buckling of a sandwich wing panel of
the upper airfoil surface between adjacent spars and ribs is
investigated (according to the author, for the first time)
in [718]; the panel is compreased in the longitudinal direc-
tion by uniformly distributed forces along the ribs and 1is
clamped along all sides., The following assumptions are made:
1) the compressive loading is carried by the face layers only;
2) the hypothesis of straight normals is valid for the face
layers; 3) the core layer is free of stresses up to the
instant of buckling; and 4) thermal stresses and strains in
the core are disregarded because of its low rigidity. The
thermal stresses and their distribution in face layers are
determined as well as the states of reasulting stresses in
them, and the equilibrium equations for both face layers are
derived., The expressions describing the stress distribution
in the core and the Jjoint deformation of all three layers are
derived, and from them the expression for the buckling force
is deduced, The effect of distribution of thermal stresses
on the magnitude of the buckling force 1is discussed,

The flexure of an unsymmetrical sandwich plate with a
rigid isotropic core and unequallv thick faces made of dif-
ferent materials subjected to traniverse loading combined with
nonuniform heating is examined in [797]. It is assumed that
the temperature and displacements vary linearly over the
thickness of the core (the least heat conductive of all layers),
and that the Kirchhoff-Love hypothesls is valid for the face
layers; the transverse compressibility of the core is neglected.
The differential equations of small deflections with boundary
conditions are used in investigating the flexure of a simply
supported plate (Pig. 13) under transverse loading q, com-
pression forccs P, and thermal loading t linearly distributed
along both faces 111near heat source along the x-axis inde-



pendent of the y-axis), The flexure of the plate (by the
bending moments distributed along the edges parallel to the
x=axis) occurs when the forces in the middle surfaces of the
face layers are of opposite signs (tension and ccmpression);
an expresgsion for the deflection function under this loading
i1s derived, A formula for deflection in the case when the
plate is subjected onlv to transverse loading is deduced. A
solution is also given for the case when two onposite edges
are clamped and two others are simply sunported,
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Fig. 13

2. Dynamic Stress and Straln Analyses
a, Vibration and flutter

Thin plates and shells which are structuril components
of flight vehicles are exposed to the action of aerodynamic
forces which cause such undesired phenomena as buffeting,
vibration, and flutter, which can produce, in turn, the
buckling and failure of these elements., Because of the
increasing speed of flight, the dynamic behavior of plates
and shells in a hipgh-speed flow of a compressible gas is a
more and more frequently discussed topic in Soviet-Bloc tech-
nical scientific literature. Publications dealing with the
flutter and vibration will be mentioned,

The dynamic stability of plates and shells has been
studied mostly in the linear formulation, and the problems
assoclated with relatively low speeds (e.g. the lower flutter
speed of a panel) can be treated by means of linear theory.
At higher speeds, the deviations from linearity in relation-

- 55 =




ships between geometric and flow parameters force the inves-
tigator to use the concepts of nonlinear theory. The study
of the nonlinear flutter of plane and curved panels in very
high supersonic flows is presented in [696], with stretching
of the middle surface and thermal buckling caused by kinetle
heating taken into account; the effect of joint deformation
of the panel together with the whole structure (the effect

of clamping) on the boundary conditions 1is considered, The
flutter of a double-curvature shallow panel of rectangular
planform in a supersonic gas flow (purallel to its longer
side) on its convex surface is investigated. The plate is
surrounded by a steady temperature fiel” generated by the
kinetic heating, with a gradient linear. varying over the
thickness of the panel, and arbitrarily varying over its
middle surface. The basic assumptions of the nonlinear
theory of shallow shells (the validity of the Kirchhoff-Love
hypothesis, the comparability of deflections with the shell
thickness, and their smallness in comparison with its dimen-
sions) are accepted. The flutter motions are assumed to be
30 slow that the tangential inertia forces can be neglected,
and only the normal ones to be considered. A system of dif-
ferential equations describing the flutter behavior of the
panel under the thermal and normal loading (which consists

of inertial and damping forces and aerodynamic pressure) is
solved by making simplifying assumptions and introducing
nondimensional parameters; approximate expressions are derived
for determining the flutter speed, and estimating the ampli-
tudes of oscillation and the normal streases at speeds higher
than the speed of flutter. The conditions for the "soft" and
"hard" flutter, as well as the interdependence of the flutter
speed, amplitudes, and stresses for various thickness~to-
length ratios of the panel are discussed and illustrated
by diagrams.

In investigations of the oscillatory mution of a wing
at high supersonic speeds, the nonlinear interdependence of
aerodynamic forces and the angle of attack has to be con-
sidered. At high hypersonic speeds of flight the time ¢t = b/v
(where b is the chord, v, the speed) will be negligibly small
in compariscin with the oscillation period T, and the ratio
t/T (proportional to the Strouhal number) will be very close
to zero., In [756], it is shown that under these conditions
the data about flutter obtained by the stationary theory in a
case when the angle of attack is constant with respect to time
can be applied in a case when the variation of the angle of
attack 1s caused by oscillation. The results of the study of
the flexural-torsional flutter of a wing by this simplified
method with the aid of an MN-7=-type electronic analogue com-
puter are pressnted, The dependence of the flutter speed on
the wing parameters and on the initial disturbances (e.g.,
wind gusts, atmospheric turbulence) is established; the effect
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of the fuselage on the flutter speed 1s also considered,
The results are discussed and illustrated by diagrams,

The unsteady flutter of plates and shallow shells in a
supersonic gas flow is analyzed in [751]. A method previously
developed by the authcor is applied in setting up a system of
equations describing the dynamic behavior of plates and shells
in a supersonic gas flow and thus surrounded by a temperature
field; the characteristic temperature o»f the plate (shell)
and the velocity of the undisturbed flow are descrived by
paramsters o and y respectively, so that a point in the (o, u)
plane gives an idea of the conditions of the plate (shell)
surroundings in time-variable fields of temperatures, veloc-
ities, and pressures, This fact is used in determining the
character of the transition to flutter and the assoclated
values of the temperature and velocity parameters. An approxe
imate method, developed by N, N, Bogolyubov and Yu, A, Mitroe
pol'skiy, for investigation of transient processes in nonlinear
systems with many degrees of freedom is used in searching for
nonstationary solutions in cases of simultaneous changes in
parameters of flow velocity, density, and pressure in the
surrounding medium, and in the temperature of the plate (shell).
A (0, u) diagram plottad from calculated values which illus-
trates the loss of stability of a plate is shown in Fig. 14,
The crossing of the line AF means the loss of stablilivy
through the flutter, and of the 1iine DF, through the thermal
buckling. Equations for determining the frequency, amplitude,
and phase of a nonstationary flutter are derived, and their
application is discussed. An example of calculating the flute
ter paraneters for a plane nonheated plate 1s presented, and
the results obtained are examined and illustrated by diagrams,.

¢ ‘ Knowledge of the modes of free vibra-
tions of aircraft elements and of their
natural frequencles is necessary in inves-
3.y tigating osclllatory proolems. The vibra-
. tion parameters of lifting surfaces are of
speclial importance because of the high
speeds at which they operate when used on
modern airplanes, guided missiles, rockets,
etc, They are usually of monolithic con-

y T struction (see above, D-1), and a canti-
T lever plate 1s used as 8 design model for
n1g. 14 them, The modes and frequencies of free

vibration of the most general type canti-
lever plate, anisotropic, laminated, swept-back, tapered,
with arbitrarily variable thickness along the span and chord,
are investigated in [684]., The plate simulates a thin mono=-
lithic wing or tail unit with a thick skin stiffened by
stringers and rib flangez. The Ritz method is used for de-
termining the modes of free vibration along the span (for a
given vibration mode along the chord) using the equations in
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matrix form, so that the problem is reduced to determining
the oigpnvniucl and eigenvectors of a special dynamic matrix
wvhose viements depend on rigidity and Inertial characteristics
of the construction. The method 1is very convenient for use
on eleotronic digital computers. The flexural and torsional
free vibrations are analyszed by using tha hypothesis on the
nonvariability of the cross sections of the wing under vibrae-
tion, and the results are compared in a table with the data
of investigations where this hypothesis was not used and with
experinental data. A fair agreement among all these results
is demonstrated, The possibility of replacing the swepte-
back plate by an equivalent straight plate is discusced,

In solving certain dynamic problems in aircraft design
"4t 1s sometimes necessary to investigate the vibration of
thin-wallied atructural members of thineplate and thineshell
types exposed to a high-freguency cxeitation, .For deter-
mining the modes of vibration asymptotic expressions can be
derived which can be used in any region except in those
adjoining the reinforced contour, at abruptly changing cross
sections, etc., where the distortion of the dyrnamic stress
field, the phenomenon called "dynamic edpe effect," takes
place, It 1is known from experience that the fatigue faillure
of vibrating thin-walled structures begins in these "dis-
torted" i1egions. Sherefore, solutions are sought which
satisfy the "distort~d" boundary conditions and tend to
asymptotic expressions for vibration modes in inner regions
not too close to the edges. The theory of the dynamic edge
effect in the vibration of elastic shells is presented in
(707] with an analysis and classification of various types
of the edge effect for shells of positive, zero, and nega-
tive Gaussian curvatures; methods are given for calculating
the edge-effect characteristics in the distorted-stress
regions from the known solution for the inner regions. The
equations of shell theory (derived by A. L. Gol'denveyzer)
describing the modes of vibration in states of stress with a
large index of variation (large wave number) are used to
derive an express.on which completely determines the prop-
erties of the dynamic edge effect in the case of vibration
. with given wave numbers. This expression
is used in deducing formulas for the
dynamic edge effect in plates, shallow
shells, and spherical shells, and it 1is
generalized (by introducing nondimensional
: parameters) to discuss the conditions of
rig. 15 existence of an edge effect and its degen-
eration and to determine its type. The
application of the proposed thaory to investigating the fre-
quency spectrum and modes of natural vibration of a spherical
panel is given; the panel is clamped along a contour bounded
by four orthogonal lines of curvature (Fig. 15). It is shown
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that the Qangential displacements along the lines x; = const
and x; = const do not affect the no.rmal deflections, and the
asymptotic estimates ¢f natural frequencies and wave numbers
are obtained ir a simple way. Results of computations in the
case wvhen a = b are given in a table and are compared with
those of a very acocurate and laborious calculation by S, Iguchi;
the results are almost Identical.

b, Idquid-filled shells

The soluticn of problems of dynamic stabliity of space
vehicles during launching and in motion when either the
direction or the speed of flight, or both, are changed (e.g.,
corrections <f the orbit, deceleration) boils down to the
investigation of the disturbed motion of a solid with cavities
partly or sompletoely filled with a liquid. The oscillation
of fuel in tanks 1s 2xcited by vibration of the tank itaself
and of other striuctural and control elements of the vehicle,
so that the problem »f dynamic stability of the body-liquid
system arises, These problems are usually solved by varia=-
tional methods which permit _a convenient use of computers.

A systematic presentation o? variational princirles and their
substantiation in analyzing the oscillatory behavior of
liquid=filled bodies is given in [787]; the body is elther
rigid, or elastic and obeylug the hypothesis cof preservation
of plain cross sections., 'The oscillation of the liquid in

a fixed open vesgel is preliminarily discussed, The applica-
tion of the Ritz method is described; oscillation of a con=-
servative system of bodies, some of them having cavities
filled with a perfect, incompressible liquid without vortices
is analyzed; and the static stability of the system is inves-
tigated. An approximate method of determining the free oscil-
lation of the body~liquid system is given, The torsional,
flexural, and combined free vibrations of an elastic beam with
a cavity filled completely or partially by a liquid are dis-
cussed, and formulas for natural frequencies are derived,

The stability of the beam=l1liquid system is investigated, and
the analytical conditions of stability are formulated. The
advantage of the variational method used in this investiga-
tion is stressed; it is convenient for the use with elec-
tronic computers and makes standardized programming possible.

The dynamic behavior of stiffened thin elastic shells
filled with a perfect incompressible liquid is anaiyzed in
[788]. The study is based on A, M, Lyapunov's works on the
stability of motion of mechanical systems, and on works by
V. V. Bolotin about the dynamic stability of elastic systems,
particularly of shells. The works by V. V. Novozhilov,

Kh, M, Mushtari, and V. Z. Vlasov on thin shells are also used.
The variational equations of motion of the shell-liquid system
under the action of arbitrary time-variable forces acting upon
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the shell surface are derived under the assumptions that

the stiffeners possess flexural rigidity only in the direc-
tion normal to the shell aurface and rigidity in tension
(compression), and that the connection between the skin and
stiffeners is strong encugh to.ensure their joint deformation.
Prom these equations the differential equations which desoride
the dynamic stability of the system are derived under the
assumption that the liquid does not separate from the shell
(coincidence of the normal veloocity components of both liquid
and shell over the surface of their contact). The following
problems of the stability of a cylindrical shell with liquid
are examined, and the stability parameters (amplitude and
frequency cf oscillation, pressure, critical forces and
stresses) are discussed: dynamic stability of a plain closed
shell; quasi-static stability of a completely filled shell
and of a shell stiffened by closely spaced stringers; shells
stiffened by discretely spaced =*ircular frames; dynamic ata-
bllity of a closed shell stiffened by stringers., Poasible
simplifications of the proposed method are discussed,

When the cavity in a body is almost completely filled
with liquid, a bubble of air of almost spherical shape 1is
formed, and the dynamic problem consists in determining the
motion of the liquid and that of the bubble in the cavity,
and in describing the motion of the body. The discussion of
this problem is presented in [845] under the assumptions that
the following conditions are fulfilled (and it is so for many
liquids, including water): va »> u/p and via >> a/p (where
& is the radius of the bubble; p and u are the density and
viscosity of the liquid, respectively; ¢ is the coefficient
of the surface tension on the interface between the liquid
and bubble; and v 1s a characteristic value of the liquid
velocity relative to the cavity); and that the bubble i a
nondeformable sp-ere and the 1liquid is a perfect one, The
equations of motlou of the body-liquid~bubble system con-
taining ita momentum Q, kinetic energy T, and kinetic moment
K, and the expression for the potential energy § of the
liquid are used as the initial ones, These equations are
solved first as if the liquid filled the cavity compietely
(determining thus the parameters of the motion of the body=-
liquid system); thern, by integrating the equation of motion
of the bubble, the coordinates and velocities of its center
are determined. By substituting these quantities in the
initial equations of motion, the parameters of the motion
of the bodye~liquid-bubble system are determined., The fol-
lowing particular cases are examined: 1) the liquid (with~
out a bubble) performs a translatory motion; this can happen
when the body is in translation or if the cavity is a sphere;
and 2) the body with 1liquid and bubble is subject to an impact
so that all parameters change suddeniy and Q, T, and K receive
finite increments, Under these conditions, the deformation
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of the bubble is taken into account and it is proven that
this consideration has no effect on the increase of the
kinetic energy. Formulas for determining the behavior of
the system under impact are derived, The instability of the
positional equilibrium of the bubble in the steady potential
flow of a perfect incompressible liquid is discussed.

The consideration of the surface tension of the liquid
in solving the problem of motion of a body with a cavity
filled with liquid plays an essential role under conditions
of welghtlessness., The stability of motion of a liquid-=filled
solid and of its equilibrium with the surface tenalon of the
liquid taken into account is discussed in [846]). The cavity
is completely filled with two homogeneous incompressible,
immiscible, perfect liquids possessing surface tension and
subjected to mass forces. The cavity has no protruding
elements (e.g. ribs) in the neighborhood of the line where
the interface of both liquids contacts the wall of the cavity.
The formulation of the problem also covers the cases when one
liquid is surrounded by the other one and does not touch the
wall, and when the cavity is partly filled by only one liquid,
with air under pressure or vacuum above it, The equations of
motion of th. system and the boundary conditions (in which the
presence of the surface~tension forces on the interface of
both liquids is considered) are derived by applying the prine-
ciple of least action in the Hamilton-Ostrogradskiy fcmm.

It is shown that under the conditions discussed, the total
mechanical energy of the system (kinetic energies of the
solid and liquid, potential energy of external forces, and
surface energy of the liquid) is constant during the motion.
Differential equations describing the shape of the interface

of liquids in equilibrium or steady motion are derived (assuming

a continuity in the motions of the body and of the liquid),
and the form of the interface in the cases mentioned above
is discussed, The stability of ‘»e equilibrium or of the
steady motion of a body-liquid system is analyzed and sta-
bility criteria for equilibrium; steady motion, and relative
equilibrium (in uniform rotation) of the system are derived.
The validity of these criteria in cases of a viscous liquid
(with and without surface tension) is proven.

The nonlinear problem of the oscillation of a perfect
incompressible liquid in a vessel of finite dimensions under
the action of gravity and surface-tension forces is presented
in [847]) in variational formulation, which permits the use of
direct methods in its solution. The liquid fills a part of
the vessel, and the rest is ococupied by gas, so that coeffi-
cients of surface tension on the gas-vessel, liquid-vessel,
and gas-liquid interfzces are distinguished. The gas over the
liquid is assumed to be at rest, and its maas is neglected.
The Hamiltonian principle for real motions is applied to the

!
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solution of the problem, using the Lagrangian function
Le TN (where T and N are the kinetic and potential
energies of the vessel-liquid-gas system) and the Hamiltonian
integral of action

J-ILdt.

which assumes a stationary value, 1.e., §J = 0, The problem
of detemmining the motion parameters of the liquid can thus
have a variational formulation, the problem being to find
among the functicns satisfying the boundary conditions those
which also satisfy the condition &éJ = 0, It is. proven that
this formulation is equivalent to the conventional formulation
of the prodlem of the motion of a perfect incompressible liquid
in a fixed vessel under the action of gravity and surface-
tension foroes. Examples of finding the functions satisfying
the condition &J » 0 in particular cases of motion and
equilibrium of a liquid in a vessel of finite dimensions

are given,

Concluding Remarks

As oan be seen from both the annotated bibliegraphy and
the comprehensive report, the Communist-World scientific
techniocal literature in the flelds closely rslated to the
reentry problem is very rich, Especially, the aerodynamic
htatin, ablation, and ablation shielding of space vehiclss
their ii t dynamics and control, and the dynamics of liqufd
filled bodies are fields of space science very intensively
studied by Communist-World scientists.

The mathemstical methods utilized in the investigations
in these fields are so selected that they can be adapted
easily for calculation on high-speed electronic computers
which are widely used in the USSR,
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GROUP A ALROMECHANICS OF lIGH=-SPEED FLOWS

A-1 Aerodynamics, Supersonic and Hypersonic
Turbulent and laminar Flow
Boundary Layer Flow
Shock \iaves
Rarefied Gas Flows
Hypersonic Flow Similarity "Theory




A=1 AERODYNAMICS, SUPERSONIC AND HYPERSONIC

1. Dovodmitsyn, A. (Moscow). 19 doundary layar in & com-
pressible gos,

?mchtun:‘ Pergamon, No. 445,

2. lavinscn, Ye, I. An investigation of the stability of
supereonic gas flows in comnection with the &uality
of sbe solution of the shock-wave theory.

3, Dorodnitsym, A. A., and L, G. loytsyanskiy (Noscow).
On the theory of the transition from the leminar to

the turdulent bdoundary layer,
Transletion: Pergemoun, No. 443

4, Landsu, L. Shock waves at a large distance from their
point of origin.

The phancuenon of the asppearance of two waves follow-
ing each other is described, and the shapes of these
vasves and the lawv of the decrease of their intensity
are determined, In eddition, the propagation of
spharical impact waves at large distances from the
point of explosion is investigated.

5. Sedov, L. I. Some unstealdy motions of a compressidle
fluia,

A mumber of exact solutions of the equations of motion
of compressidle gases are given for the case of plane
vaves and for wotion with cylipdrical and spherical

eymmetry.

— - - _ e fam t e —

6. 8edov, L. I. (Moscow). Propagation of strong
discontinuisty waves.

Translation: Pergamon, No. 1223,
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1946
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7. Nikol'skly, A. A., and G. I. Taganov. GQGas
motion in a local supersonic zone and some
conditions of potentia) flow breaiciown.

8, Zel'dovich, Ya, B. Theory of shock waves and
introduction to gas dywamics.

9. 'Prankl', F, I. Shock-=wave formation in sub-
sonic flowe with local supersonic velocities.

10, Khristyanovich, S. A, Approximate integration
of supersonic-flow equations.

An approximate solution is obtained in a
simple analytical form fox* a plane super-
aonic gas flow.

- 1i. Pal'kovich, S. V. Two-dimensional motion of
gas at high supersonic velocities.

A method of approximate integration is
shown which ylelds sufficiently exact
results at M > 4, Similarity criteria
for the investigation of experimental
d:ta obtained in wind tunnels are also
given.,

PMMo
v, 10, no. &
481 -502
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1947
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199-202
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12,

13,

14,

15.

16.

Goroshohenko, L. B. Problem of calculating

gas motion in a looal shockless super-
sonic sone.

It 1s assumed that the flow is adisbdatic,
ste , nonviscous, and without vorticesa.
Thn.g!ow and the M values are determined
for regimes which do not exceed limiting
conditions of a ghockless flow.

Chexnyy, G. G. One-dimensional unsteady mo-

tion of a perfect gas with a strong shock
wave.

Translation: Priedman, M. D., No. C-107.

Khristyanovich, S. A, Shock wave at a large

distance froaw the point of explosion.

Kogan, M. N. Some properties of three-dimen- -

sional supersonic rlow.

Some properties of supersonic flows are
discussed which make it possible to es~
tablish an analogy with two-dimensional
flows, to perform a number of qualitative
deductions, and to simplify the calcula-
tion of flows past some classes of wings.

Il'yushin, A. A. The law of plane sections in

the aerodynamics of high supersonic speeds.

The development and application of the law
of plane sections and the equivalence princi-
ple to various problems of hypersonic flow
over a lifting surface, a cone, and wedge

are discussed.

1953

, 17, no, &
v * ]
»esl:’so

1956
“DAN_ 33SR

» 10T, no. 5
557-626

PMNe

) V. 20’ no. 5

599-605

pm;o
Y. no.
661-662 >

PMiMe
v. 20, no. 6
733=755




17. Chernyy, G. G. Adiabatic perfect-gas flows
with very strong shock waves.

An approximate method of calculating the
parameters of one~dimensional unateady

gas flows with very strong and moderate
shook waves is given. The method is based
on representing the solution of equations
of wotion in form of series in powers of

a parameter containing the heat-capacity
ratio. The piston-motion and the point-
sxplosion problems: are discussed.

18, Grodzoveakiy, G. L. Some special features of
flow about bodies at high supersonic ve-
locities,

A simplification of tne investigation of
supersonic flows (at M= =) is made, and
the solution of a number of variational
problems in the first approximation is
indicated by an analysis of some special
features of these flows.

19. Shmyglevskiy, Yu. D. Some variational prob-
lems in the gas dynamics . f axisymmetrical
supersonic flows.

20, Yur'yev, 1. M. Three-dimensional supersonic
¢ flow of gas represented as a surface in the
reglon of a velocity hodograph.

T:.. general solution of flow equations of
gases of this class is presented in a
linearized form.

21, Dem'yanov, Yu. A. (Moscow). Formation of a

boundary layer on a plate with a moving
shock wave. :
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195-206
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?. 22, Iordanskiy, S. V. {Moscow). Stability cf a
plane statinnary shock wave.

The stability of a plane staticnary shock
wave is studied. Differential equations
for pressure disturbances and boundary
oconditions, and equations for disturbance -
of the shook.wave surface are derived.

23, Dem'ymnov, Yu. A. (Moscow). The effect of
the boundary layer on the gas-flow pattern
in a tube behind a moving shock wavse.

24, Lun'kin, Yu. P. DBoundary-layer equations with
A boundary conditions for & motion in extremely
rarefied gases at supersonic velocities.

On the basis of Prandtl's theory, boundary-
layer equations are obtained which differ
from Prandtl's equations by additional
terms containing higher-order derivatives
of velocity and temperature. In theae
equations, the normal pressure gradient

18 distinct from zero and is expressed
through additional terms. The appli-
cability range of these equations as re-
lated to veloclitles and altitudes is given.

25, Lunev, V. V., (Moscow). Application of the
method of small perturbations to laminar
boundary-layer problems.

The method of small perturbations 1s ap-
plied to problems of the supersonic
boundary layer on thin bodies or bodies
differing little from a wedge or cone.

PMMe

. 21, no. 4
$E5-éT

PMMe
v. 21, no. &
473-4TT

PMMe
V. 21, no. 5
597-605

PMMe
V. 21, No. 5
606-614



26, Zel'dovieh, Ya. B., and Yu, P. Rayzer.
Large-amplitude shock waves in gases.

Various physical processes in the shock-
wave front are discussed and their ef-
fect on the inner structure of the front
is evaluated.

27. Godunov, S, K. A finite difference method
for calculating shock waves,

28. Poluboyarinov, A. K. Solution of equations
. for an axisymmetrical supersonic gas flow
linearized in relation to the flow from
the gas nource.

A solution for linearized equations of
flow and boundary conditions is obtained
by uaing Goursat and Cauchy functions.

29. Pedayevskiy, K. K., and A, S, Ginevskiy (Moa-
cow). A method of computing the turbulent
boundary layer with a longitudinal pressure
gradient,

Methods are developed which can also be
used for determining the value of the local
friction coefficient and the separation
point in the first approximation.

' 30. Zel'dovich, Ya. B. Large-amplitude shock
waves.

A study of the state of air compressed by
strong shock waves, taking dissociation
and ionization into account is reported.

Ung
Ve no.
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v. 12, no.
176-177 (73)
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309-326

\ 27 5
v. 27, no.
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31, Dorfman, L. A. Thermal boundary layer on a

32.

rotating dlak.

An investigation of the thermal boundary
layer on a rotating disk, and a derivation
of the equation of turbulent motion for an
incompressible fluid are presented.

Grigor'yan, S. S. (Moscow State University).

Some exact solutions of gas dynamics eqQua-
tions.

Exact solutions of equations of motion of
an ideal heat nonconducting gas with a
shock wave are analyzcé, and the probliem
of generating in the s.me region a second
shock wave which will riever overtake the
first wave 1s discussed.

33. Sitnikov, (. A. Invari=unts of homogeneous and

34,

isotropic turoulence n a compressible vis-
cous fluid.

These invariants are derived from the hy-
drocynamical equations expressing the
conservation of momentum, mass, and
energy for homogeneous and isotropic
flows. A flow with nonzero invariants
and the damping of homogeneous and 1so-
tropic turbulence in the last stage in

an ideal, viscous, heat conducting gas
are discussed.

Shikin, I. S. (Moscow State University).

Exact solutions of equations of one-dimen-
sional gas dynamics with shock and detona-
tior. waves.

'%REQBSSR

v. 119, no. 6
1110-1112

DAN SSSR
v. 121, no. 4

606 -609

DAN SSSR
v. 122, no. 1
29-32

DAN SSSR
V. 122, no. 1
33-36
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30,

36,

37.

38,

Vorob'yev, O. S. Approximate analytical rep-

resentation of two-dimensional supersonic
gas flows,

A procedure is developed for the approx-
imate analytical representation of two-
diménsional supersonic gas flows, includ-
ing solution of specific boundary problems.

Sergiyenko, A. A., and V, K. Gretsov. Boun-

dary-layer transition from turbulent to
laminar.

An experimental investigation of boundary-
layer transition showing the presence of
reverse transition from turbulent to
laminar in the case of large negative
pressure gradients in the supersonic
nozzle ga reported.

Sherenkov, I. A. The plane problem of the

turbulent flow of an incompressible fluid.

A simplified method is proposed for solving
the plane problem of turbulent flow by the
method of characteristics. The solution of
the initial equations by this method is dis-
cussed for the following cases: in the re-
gion of a aimple centered wave, in the re-
glon of interaction of two simple centered
waves, and without any assumption of the
existence of centered waves,

Munshtukov, D. A, The hydraulic analogy for

unsteady motions of liqQquids and gases.

The axtension of the hydraulic analogy to
the case of unsteady motions of liquids

and gases is presented. The theoretical
results are compared with experimental data;
thoig:chntquo and equipment used are de-
scribed.

DAN SSSR
V. 122, no. 5
778-781

DAN SSSR
V. 12?, no. 4
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39.

ho,

4i.

b2,

Kostychev, G. I. On solution of a variation-

al supersonic-flow problem.

The results of previous investigationson
determining the shape of minimum-wave-drag
bodics and the paramsters of axisymmetric
hypersonic flows are generalized to de-
termine the shape of a body of revolu-
tion with minimum wave drag in a given
disturbed flow. :

hina, N. N. (Moscow), and N, S. Mel'nikov
Moscow). Strong point blasts in a com-
pressible medium.

{r;golution: J. Appl. M. M., v. 22, no. 1,

Self-similar solutions to the problem of a
strong point detonation are given for three

new types of equations of state for an ideal
medium,

Tretyakov, M. V. (Novosibirsk). PFlow aroung

permeable contours.

The problem of flow around an arbiltrary,
smooth, closed, uniformly permeable con-
tour in a potential stream of ideal fluid
is analyzed.

Ryzhov, O, S, Some degenerate transonic

flows.

Transonic motions of an ideal gas which
are represented in the velocity hodo-
graph by a curve or by a surface are
analyzed. A class of self-similar solu-
tions representing plane and axially
symmetric flows is given.

IzVUZ AvT
no. 3
3.7

v, 22, no.
3-15%

PMMe
V. 22, no.
220-225

PMNMe

v. 22, no.
260-264
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43, Korobeyr.ikov, V. P, (Inatitute of Mechanics, PMMe
3 AS uggn). ind Ye. V. Ryazanov, Ye. V. (Mos- V., 22, no, 2
cow State University). 265

Bxact discontlnuous solutions are deriveld
for the squations of cne-dimensional un-
ateady motion of an ideal gas in the
presence of shock waves,

j

44, Kopylov, G. N. (Leningrad). On similarity of e é

transonic plane flows, v. 22, nc, 7
391-395 ;

A simplification of the basic equations of !
motion is given, based on the assumptions
that the Mach number of the upstrvam flow ;
is close to unity, velocities of the flow ;
are slightly different from tne upstream ‘
velocity, and the directior of the velocity
vector 1is only slightly different from the
direction of flow away from the boAdy.

[¥5)

45, Rozin L. A. (Leningrad). The development of P¥e
& .aainar boundary layer on a plate with V. 22, no. 3
pulised motion. 407-412

~ study of the lamipar boundary layer in
sne case of a semi-infinite flai plate
moving in an incompressible viscous fluid
is »eported.

46, Kogan, M. X. Equation of motion for rarefied Pitie

gases. V. 22, no. &
£25.432

Diatrioution functions are obtained in any
desired approximation by aimplification of
the Boltzmann squation. This makes it pos-
sible to determind the error of any specific
approximation in rarefied gas flow,




i, Ryshov, O. 8., and 8, A. Khristianovich. RNon- PiMiNs
linear reflection of weak shock waves. v, 22, no. 5

Tha exast (pacttnlz solutions for the de~
rived nonlinear differential equations
ares used %0 solve approximately the
problea of nonlinear diffraction in the
case of a rigid wall, and angles of at-
tack near the coritical angle.

48, Ryasanov, Ye. V, (Mathematical Institute, AS
USSR, Moscow). Exact solutions for one- v. 22, no. 5
dimensional gas dynamics equations in the 720
‘presence of shocks.

Solutions of first-order differential equa-
tisns of the Ricatti type are given for
ardbitrary values of variables.

49, ~ Ginevskiy, A. S. (Moscow), and Ye. Ye. PMMe
solodkin. The effect of transverse surface v. 22, no., 6
curvature on the characteristics of an axi- 819-825
symmetric turbulent boundary layer.

An approximate solution of the proolem of an
axisymmetric turbulent boundary layer on
concave and convex surfaces is given, tak-
ing into account the longitudinal pressure
gradient and the transverse surface curva-

ture.

5G. Rozin, L. A. (Leningrad). An approximate me- PMMe
thod for calculating nonstationary turbulent v, 22, no. 6
boundary layer in an incompressible fluid. 8&2-8‘7

The Jevelopment of an approximate method for
calculating the unsteady turbulent boundary
iayer, based on the analogy between laminar
and turbulent unsteady layers 1is presented.
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51, Bargiaaan, A., and O. Popa. K contribution
to the theory of turbulence over a thin pro-
fi.l. . !

A method is developed for determining vor-
tex distridbution over & thin profile, ap-
plicadble to the case of an ardbitrary thin
profile, without introducing any limita-
tions on curvature or angle of attack.

52. Golits d. S. (Institute of Atmospheric

oc Phyl{::;, AS USSR), and K. B, Stanyukovich
(Moscow State University). Some remarks on
the stzucture of shock waves.

A qualitative investigation of some aspects
of the physical structure of a normal shock
wave in magnetohydrodynamics is presented.

53, - Shkadov, V. Ya. (Moscow State University).
Integration of boundary-layer equations.

The dsvelopment of a method used to reduce
the calculation of boundary layers described
by partial nonlinear 4differential equations
to the solution of boundary problems for
ordinary linear differential squations is
glven.

54, Bilybosunov, I. An example of plans-parallel
tranaonic gas flow with a curved shock
wave ending in a flow wi’P a stream func-
tion of the form q»” =piBf aﬁ(e)(p .

An example of transonic gas flow with a
shock wave, with supersonic speed being
converted to subsonic and ending in the
stream function cited in the title 1is
presented. This example is an extension
of an example previously cited by ¥, I,
Frankl' (Frankl', F. I., IVUZ, Matematiks,
no. 2, 1959). The solution is obtained
by the method of characteristics and
,8ives the coordinates of the shock, of
the zaro flow line from the end of the
shock downstream, and the sonic line.

-12 -

StuCeMeAp
Jan-Jun 58
57-T1

ZhETF
ve'eaﬁ-’bso' 3

1959
TDEN"SSSR

v. 126, no. ¢
730=732

DAN SSSR
v. 126, no. 5
951-952



55

Ryszancov, Ye. V., Examples of exact solutions

for the propagation of explosion waves in a
A v:tating gas with zerc temperature gra-
ent.

‘he work presented in this article is a con-
tinuetion of the formulations of self-simi-
lar problems and exact solutions of equa-
tions descridbing umsteady adiabatic wmotions
of gas stellar models (explosions and

dynamic dismuption of equilibrium) previously
given by L. I. Sedov. Analogous exact soliu-
tions are given here for the propagation of
explosion waves in a perfect gas with its

own gravitational rield (with spherical

. symmetry) under the assumption of abssnce

of temperature gradients.

56, Galin, G. Ya. Shock wave theory.

This article deals with the problem of
whether the equation of motion used in
theoretical studies of the structure
and width of a shock front, with via-~
cosity and heat conductivity taken
into account, has a continuous solu-
tion in the case of media with an
arbitrary equation of state and the
consequences stemming from regarding
shock transitions as the liamit of
these solutions.

57. Lyubimov, G. A. High supersonic flows of a

ron-ideal zas around bodies.

The small-parameter method developed for
an 1ideal cas is extended to the case of
non-ideal gas flows around plane contours
and bodies of revolution when the internal
energy of the gas is an arbitrary function
of the pressure and the temperature. The
application of this method to flow of ailr
around a cone is used as an example.
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8. Lyakhov, G. M. (Moscow), and N. I. Polyakova ISAN NeMa
(Moscow). An approximate method for analysis no. 2
of shock waves and their interactions. 13-18

59.

60.

61'

The method proposed is based on replacing
the pressure-volume curve by a broken line
consisting of linear segments. Expressions
are derived which deteramine the motion of
the wave front and the flow behind the wave
in these sections. The application of the

method to incident and reflectsd shock waves
18 discussed.

Churikov, F. S. On a form of supersonic gas- IZAN MeMa

flow equations. no. 3
204-207

It is shown that various linearized gas-

dynamics and other equations of mathe-

matical phyaica can be transformed into

"compact” equations {partial differen-

tial equations having only one mixed

derivative) if the initial and boundary

aonditions are transformed accordingly. The ad-

vantages assocliated with integration of

"compact" equations are pointed out.

Regirer, S. A. (Vorkuta). The unsteady asymp- IzAN MeiMa

totic boundary layer over an infinite porous no, 4
plate. 136-139

The parameters of the asymptotic boundary
layer on an infinite porous plate in an
unsteady compressible flow with uniform suc-
tion over the whole plate is discussed.

Franki'; P. I. (Kadbardino-Balkarskiy IsVUZ M

Univarsity). A new example of a plane- no., 2
parallel transonic flow with a straight 244246
gompressibiliey Jump terminating in the

low.
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62, Pol'skiy, N. I, Self-similar solutions of  IzVUZ AvVT
equations for the laminar boundary layer no. 3
in an incompreasible 1liquid with heat 13=-15
exchange.

The results of finding all the self-
similar solutions by direct application
of methods eladborated by Pol'skly,

A. Sh. Dorfuan, and P. N. Romanenko are

presented.

63, Adamskiy, V. B.,, and N. A, Popov. A gas PMMe
motion caused by pressure on the piston v. 23, no. 3
varying according to a power law. 564573

An integro-differential equation is
derived for plane motion of a gas
produced by a power-law-variable
pressure on the piston. The same
equation describes the motion caused

by a short impact. An expansion 1is
fc.and which serves as a good approximate
solution of this problem.’ Self-similar
solutions of the problem and the behavior
of hydrod ynamic variables close to

the pirton are discussed.

64, Pashchenko, N. T. Flow of a highly rare- PMe
fled gas past oscillating surface. vé 23é no. 4
760-765

The total forcc acting on a unit of a
surface of a body in a translational
motion and performing small transient
movements 1s determined as well as the
pressure, friction,et cetera, caused by
the components of this force. The
application of the free-molecule-~flow
method to analyze the flow past surfaces
with concavities 1s discussed and limita-
tions on the shape and motion of such
surfaces are obtained.

-15 -




FRRIY 174

'g 55,

606,

b7.

Zhigulev, V, N., and Yu. L. Zhilin.

Bodies with minimal wave drag.

Some variational problems for bodies
with minimum drag at supersonic velo-
citles are investigated. A method
proposed by A. A. Nikol'skly is used
for determining optimum body shapec.

Zysina-Molozhen, L, M, (Central Scie

entific Research Institute of Boilers

and Turbines, Leningrad.). A study

of a longitudinal pressure gradient

gn the development of a boundary
ayer,

An experimental investigation for
positive and negative values of the
longitudinal pressure gradient is
reported, Studies were made for ten
pressure patterns along the surface
over which the flow occurred,

Zel'dovich, Ya, B, Converging oylindri-

cal detonation wave,

The properties of detonation waves

close to the normal detonation wave are
considered. A theory of the amplifica-
tion of a converging coylindrical detona-
tion wave 1s proposed which exactly des-
cribes tae amplification at the start of
the process. The theory gives satisfactory
results even for small radii and oonsider-

able amplification of the wave,

- 16 -
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08, Kuoherov, R, Ya., and L. Rikenglas, Slip- ZhETF
velooity and temper.ture jumps at the v, af, no. 6
boundary of a gas mixture, 1758-1761

v development of a method for finding
the boundary oonditions for the hydro-
Aynamic transfer equations of a binary
nonholkogenecus gas mixture on & non-
absarbing solid surface is given. The
oconditions tals into account slip~velooity
and the gas interface.

1l
69, Petukhov, I, V. Numerlcal integration 'nagQSSSR
of laminar bhoundary layer equations, §671§§6 no. 2

A method is presented for the exact inte-
gration of the equations of a boundary
layer with arbitrary boundary conditions.
The method can be generalized for the
case of a laminar compressidble boundary

layer.
70. Petukhov, I. V, (Moscow). Integraticn InSb
of boundary layer equations using v. 30
asymptotic solutions, 149-169
71. Avduyevskiy, V. S,, and R. M., Kopyat- IZAN MeMa
kevich, Calculating the laminar no, 1
boundary layer in a compressible 3-11

gas in the presence of heat transfer
and with arbitrary pressure distribu-
tion over the surface,

An approximate method is given for
calculating laminar boundary layer
with heat transfer in hypersonic
compressible gas flows with a high
pressure gradient. Temperature
variation on the wal’ and integral
energy correlation are taken into
acoountt, Flows around plane, axisyme
metrical bdblunt bodies and bodies with
sharp leading edges are considered,




& ST,

72, Bogdanova, V., V., A lamlnar three- IzZAN MeMa
dimensional boundary layer with no, 1
longitudinal and transverse tempera- 12-19 -

ture gradients,

The problem is reduced to the solution

of ordinary differential equations with

variadble coefficients, Longitudinal i
and transverse velocity profiles in the ?
boundary layer, the lines of the flow, f
and the magnitude of friotion on the '
surface are determined,

73. ~Ruminskiy, A. N, Boundary layer in IgAN NeMa
radiating and absorbing media, ﬁg.sg

A system of approximate partial dirf-
ferential equations is derived with=

out any unknown integral radiant
characteristics. A solution is obtained
for a laminar boundary laysr on a plate
in the form of a series in two variables
whose terms are determined by means of
quadratures. The results are true for
gray and selective radiations.

74, Xupvsov, V, M, The method of characteristiocs IxzAN MeMa
for an axisymmetrical equilibrium flow of 2

no
real gas. 135-1“4

An equilibrium flow of gas is studied at
very high temperstures and high pressures,
It is assumed that the flow 18 in equili-
brium, without heat transfér and friction,
and that the flow is uniform in the initial
cross section.

-~ 18 -




1%, &arish, B, Ae amic interaction in IzAN NeMa
£ree molecule o, no,
117=120

Free molecule flow around several bodies
of any shape (not only oonwexz is oon=
sidered under the assumption that the
dimensions of the entire aystem are
smaller than the free molecular path,
It is shown that the problem may be
reduced to solving one linear integral
equation, Since the form of this
equation coinocides with that of the
equation of illumination theory, a
method exists for simulating its
solution which amounts to making photo-
netric measurements,

70. Bunimovich, A, I, (Moscow), The effect IzZAN MeMa
of slip on the separation of a boundary no, 5
layer, 14-20

The effect of rarefaction on velocity
profiles above the detachment point in
fiows around ocurved surfaces is dis-
cussed, OCritical pressure gradient is
considered.

77. Mezhirov, I, I. Turbulent boundary layer PMMe
of a real compressible gas. ;5 gg, no., 1
Equations for perfect gases are derived
from eQuations of motion, continulty,
and energy. The equations are genera-
lized and applied to real gases (for
example, dissoclated air), with the
enthalpies substituted for the tempera-
tures,

- 19 -




74. Ohernyy, G, G. (Moscow). The application PMMe
of integral relationships in problems of v. 24, no, 1
strong shock waves, 121-125

An oxgzoaaion is derived for determin-
ing the parameters of propagation of
explosion shook waves by using an
integral relation on the total energy
of the shock and the piston theory.

.. Shidlovskiy, V. P, (Moscow). The laminar
boundary layer on an infinite disk v, 24, no, 1
rotating in a gas. 181-184 t

The laminar boundary layer on an ine
finite disk rotating at a constant
angular velocity in a viscous gas 1is
calculated.

©.. Pavliov, K, B, (Bauman Higher Technical

PNie 4
Institute). Theory of Prandtl-Meyer v, 24, no. 1
motion. 135-136

-

The development of the theory for two-
dimensional motion of the Prandtl-Meyer
type is given, The particular case of
flow in the presence of a shock wave
ahead of the body, whose intensity
decreases with inoreasing distance

from the body, is covered,

.1, Dem'yanov, Yu, A,, and V, N, Shmanenkov, PNNe
(Moscow)., On investigating inverse v, 24 . 2
i flows in the region of a turbulent- 237.259
: boundary-layer separation,
1
3 The free-turbulence pattern is used

for analysis of flows in the reglon of

- 20 -




4 turbulent=boundary-layer separation,
Inverse flows in the atagnation region
are taken 1n§g aooognc. (llan. ::g
axisymmstriocal problems (supersonio

' f10m t astep and a dblunt body with

a needle nose, respeotively) are dis-
cuased,
32, Sychev, V. V, On the theory of hyper- Fibie
lonis gas flows wii. shock waves v. 24, no, 3
desoribed by power fuictions. 518-523

Plane and axisymmetrical hypersonic
gas flows with strong shooks whose
shape is given by power functions are
discussed, It is shown that a oorw-
rection is necessary 1f utilizing the
exact solutions for solving the
gorresponding self-similar gas-flow

problens,

3, danev, V, V, Self-similar case of hyper- PMMe
sonioc flow of a viscous, heat-conduct- v. 24, no. 3
ing gas past an axisymmetriocal body. 548=550

An example of the flow past a slender,
axisymmetrical body at M » 1 1s discus-
sed for the case in which the boundary
layer has a substantial effect on the
outer flow., It is shown that the
solution of this interaction problem

is self-similar,

¢4, Polyanskly, O, Yu, Decay of shock waves PMMe
in a moving medium having variable v, 24, no, 5
density and temperature, 912915

The propagation anddescay of shock
waves are studied under the assumption
that they are weak and that their

- 2] -
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length is much smaller than the chura-
oteristic dimensions in the prodlenm,
Asymptotic formulas are derived for the
excess pressure in wave fronts having
a pressure profile.

Mikhaylova, M. P, (Moscow). Motion of a
spherical piston at constant velocity
through an inhowmogenecus medium,

The motion of gas behind a spherical
piston moving at constant velocity
through an inhomogeneous medium 1s
atudied. The shock wave formed ahead
of the piston 18 considered,

Chuskhin, P. I, (Computing Center
Acadeny of Sclences USSR, Moscow5
Blunted bodies of simple shape in
a supersonic gas rflow,

A method of characteristics adapted to
computer calculation of a supersonio

gas flow around blunt bodies of simple
shapes 1s presented, The results of
calculation made by this method are given
for several blunt cones wul wodpes.

Sandulescu, S. (Institute of Applied
Mechanics, Rumanian Academy of Sciences,
Bucharest), 4 method 18 presented for
the characteristiocs of a three-dimension.-
al boundary layer.,

Frankl', F, I., and Voyshel', V. V,
Turbulent friction in the boundary
layer of a flat plate in a two-
dimensional compressible flow at high
speed,

v, 24, no, 5
919-922

v. 24, no. 5
927-93%0

StuCeMeAp .
ve 11, no. 1
61-TT
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TSAGI Report No, ?21 (Transl, as NACA
™ No. 1053 (1943

g, Galanova The laminar boundary layer VeLUMMeAs
on a piate in the presence of dissociation, 32.99
Second-approximation salu tions are pres-
ented of laminar-dboundary-lsyer equations
derived by M, Ye. Shvets (PM4, v. 13, no. 3,

1949) for a thermally insulated plate and
for a plate with a given wall temperature.
Results of numerical calculations for a
thermally insulated plate at Mach numbers
10, 20, and 30 are given,

5y, Dorodnitsyn, A, A. A method for solving ZhPMeTF

laminar boundary-layer equations, no, 3
111-118
A method suitable for computers 1is
described which gives exact values of
laminar boundary-layer parameters,
71. Koldobskaya, T, G. The problem of un- VeLUMMeAs
steady, nearly self-simlilar motlon, no, 1
1lll-122
A method of linearizatlon nearly
identical with a self-similar
solution is used, The method can
be applled to plane shock waves in
flow past wedges and cones,
;2. Kutateladze, S. S,, and A, I. Leont!'yev, ZhPMeTF
' Turbulent friction on a flat plate in no, 4

supersonlce flow. 43-48

i
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Jh,

It is shown that limiting solutions for
turbulent boundary layers of compressible
gases may be obtalined by Prandtl's semi-
empirical theory of turbulence.

Kosterin, S, I., and Yu. A, Koshmarov,
(Institutes of Mechanics, AS USSR,
Moscow). Turbulent boundary layer
on a flat plate in a uniform stream
of a compressible fluid.

Tranalation: in Sov., Phys. Tech.
les., Jan. 1960, 819"82 L]

An analysis 1s given of the effecot

of gas density variation on the
distribution of veloclties, tempera~
tures, and densities in the boundary
layer, and consequently, on friction
and heat exchange for a plate in a gas
strean.

Iun'kin, Yu, P, (Leningrad Physico-
technical Institute, Academy of
Sciences USSR), Variation of gas
parameters caused by nonequilibrium
dissoclation behind a shock wave.

An approximate method is presented

for the solution of a system of
equations which describes tle non-
equilibrium dissociation of monatomic °
and diatomic gases behind a shock
wave. In deriving an expression for
the temperature distribution, it is
assumed that the heat capacities of
the gases are constant.

-2l -
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1561
9. Alekseyev, V. M. On the theory of perturbed 1%25

v, no,
motion. 725_757

A system of differential equations desori-
ding the relative motion of two bodies

actsd upon by perturbations of any nature
combined with Newtonian gravitatlon 1s
replaced by an equivalent system of integral
equations on the basls of which various
estimates are made concerning the per-
turbed Keplerian motion, the hyperbolic
approach of two bodies, and oonvergence

of the method of successlve approximations.

4§

96. OCharnyy, I. A., D. S. Viltker (deceased), DAN SSSR
B, I, Mitel'man, and G, D, Rozenberg. v. 137, no., 1
On two-phase supersonioc flows, hé

The supposition that a liquid introduced -
in a supersonic gas flow (freezing tempera-
ture of liquid 1s considerably higher than
that of the gas) freezes, thus forming a
two-phase flow, was verified by an ex-
periment (water and gas at M = 1,2 and 3),
This phenomenon can be utilized in cooling
of bodles in high-speed gas flows, A

quaititative theory will be given in future
work,

97. Koechina, N, N,, and N, N, Mel'nikova, The DAN SSSR
theory of point explosions, v. 138, no, 2
326-329
The problem of a point explosion in a
compressible medium, as studied in the
Steklov Institute of Mathematics, Academy
of Sciences USSR, is presented theoreti-
cally in this article, which was recom-
mended for publication by L, I, Sedov.
References are given to studies devoted
to various aspects of the point-explosion
problem,



Y8,
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100.

Pressman, A, Ya,

On the flow of a rare-
fied gas from a polnt source into a
vaocuum,

A practiocally collision-free flow of
partiocles of a sufficiently rarefied
gas from a point source into a vacuum
is oonsidered from the standpoint of
solving the Einstein-Fokker equations
with a timc-dependent "diffusion coef-
ficient" and with boundary oonditions,

Bazhenova, T. V. The gas-flow velocity

behind the shook wave in a shock tube,

The evolution of heat in a gas flow in
a shock tube 1s analyzed in order to
establish the degree of uniformity in

the interval between the shock wave and

the interface and to verify the law of

velocity changes in the shock wave region.

Tests were made at M = 2 to 6,

Morozov, M, G., V. M, Yeroshenko, and

Yu, P, Petrov. Flow in stagnation
zones on surfaces in supersonic flow,

Experiments were carried out in an aero=-
dynamic tunnel, with an air velocity of
M= 1,69, to determine the direction and
magnitude of flow velocity in stagnation

zones and to study the general patiern
of the flow and the distribution of
static pressures on the periphery of
stagnation pockets,
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101, Naboko, I, M. Deflagration in the stagna-
tion

on over an cbstascle in super-
sonic flow.

The shape of the shoci wave and the
direction of the flow behind it are
discussed on the assumption that the
detonation front is an infinitely thin
surface and that an instantaneous reaction
takes place in the front with scme heat
generation., Tests were made in a shock
tube with & mixture of hydrogen and oxygen
at a flow velocity of M ¢ 1,25, whioch
corresponds to a wave velooity of M ¢ 2,65,

102, Marsinov, I, N, The influence of the

103.

boundary layer on flow past slender,
blunted cones at high supersonic
velocities.

The influence of a laminar boundary
layer on the distribution of pressures
along the generatrices of a cone is
evaluated approximately by using the
small disturbance method.

Larish, E,
flow,

Equations of free molecular

Equations describing steady and un-
steady free-molecule flows past bodies
are derived with rebound of gas par-
ticles taken into account, Flows with

a slight variation of parameters about
their mean valuea are considered,

- 27 -
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104, Stulov, V. P. (Moscow)., Boundary layer IzAN NeMa
on a plate with non>quilibrium dis- no. 3
sociation taken into assount. 5«12

Viscous compressibie gas flow past a
plate under conditions making possible
the dissoclation and recombination of a
diatomic gas is discussed.

105. Tagirov, R. K. Determining the base IsAN MNeMa
pressure and tempersgture in sudden - no, 5
§§panaiona of sonic or supersonic 30-37

ows,

A method for determlning the base
pressure and temperature in sudden
expansions of plane or axisymmetrlc

flows is discussed, The method 1s

based on H, Korst's well known method,
but it also takes account of nonisother-
micity of mixing and propagation in the
case of sudden expansion of an axlsym-
metric flow toward its axis of symmetry.

106. Kolodochkin, V, P, Calculation of a IzZAN MeMa

107.

supersonic flo- about cones at angles no, 5
of attack, 38-43

The calculation consists of numerical
integration of gasdynamics equations in
three meridional planes, The results are
conpared with other calculation methods
and with experimental data,

Murzinov, I, N, Flow of gas near the IzAN NeMa
stagnation point of a blunted body at no, 6
a finite excitation velocity of vibre- 33-36

tional degrees of freedomn,

- 28 -~
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An approximate solution is sought by
determining the gas parameters between
A& shook wave and a body at N 7. The
influence of relaxation on the shook
wave during motion of a aphere in air
oconsidered as a mixture o y
::i‘fiﬁd oxygen and nitrogen is caloulea~

108, Kosterin, S, I., Yu, i; Koshmarov, and In¥Zh
Yu, V, Osipov. Shook-wave position in no. &
a supersonic nozzle, 3-9

An experimental study was made on the
effect of the divergence angle in the
supersonic section of a nozzle on the
position of a shock wave at a given
pressure ratio, with account taken of the
¢ sot of heat transfer, The study was
wonducted within the ranges of andé M
numbers representing the actual Operate-
ing oonditions of the nogzle with the
diravgence angle varying from 0° to 50°,

109, GQolubev, V. A, A study of a high= InFZh
temperature gas stream, v. 4, ne. 6
42-50

A theoretical study 18 presented on a
high-temperature plane-parallel gas
stream. A purely turbulent stream is
assumed, that is, the molecular viscosity,
heat conductivity, and radiation energy
are negleocted., Discrete solutions for
the differential equations of motion of
the boundary layer are used, taking into
account gas dissoclation and ionization.
The formulas derived permit rapid caloula-
tion of the gas-stream parameters at all
points for any degree of initial pre-

heating,

-29 -
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111,

Keldysh, V. V. Exact solutions (in geometry]
of lift-producing systems with one and ¢

attached plane shock waves,
The shapes of lift-producing bodies in

hypersonic air flows are discussed. The

geometry of these bodiea is taken from
flow patterns behind one attached plane

shoock wave or two such intersecting shook

waves, The geometric and aerodynamic
characteristics of these hodies are

determined for ocertdin flight conditions.

Proshnikov, R, S, On almost free-molecule
flow of rarefied gas around bodies,

The correction to values of aerodynanmic

characteristics obtained by free-molecule

theory to chtain corresponding values
for higher Knudsen numbers is discussed,
and the significance of secondary 60l=-
lisions 1s pointed out, The appliocabl-

lity range of this correction is pointed

out,

112, Balulev, V., I, Calculation of the turbu-

lent mixing flow of a real gas,

The solutions of the problem of the boun-
dary layer in the initial portion of a

lane=-parallel, low-temperature real-gas
with solid and 1iqQuid phases eliminated)
Jet is presented, The investigation 1is
based on Prandtl's theory of free turbue
lence, with the additional assumption
that the mixing lengths are larger for
soalar quantities (heat, density) than
for veotor quantities (momentum), that
is, taking into account the rotation of
the particles.
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113. EKsrimgi:iyev, E, Investigation of InZh
transonic flow past a body for the Ve 1, NO, 3
purpose ol designing an airfoil, 75-85

High-~-gpeed subsonic flow around a dbody

of arvitrary shaps, with a shoock wave

at the rear of the supersonioc region is
investigatcd, Transonio symmetrical flow
past. a syunotrical airfoll is constructed
by v approxivate moihod., By applying
equaiions for veloocity, potential, and
stream funttion, a flow pattern ia obtained
which suggests tie shape of a double-

wedge airfoll,

il4, Galkin, V. S, Applicability limits of InZh
relaxation models of Boltzmann's kinetic Ve 1, no, 3
equation [in the aerodynamics of rare- 153-£56
fied gases],

Boltzmann's equation is simplified by
using assumptions concerning the collision
of molecules, The solution of the system
of " model" equations is ocoupared with the
solution of an exact system of kinetio
momentum equations of an ideal monatomio
gas, and the limits of applicabllity for
the models are established,

115. Nikol'skiy, A. A, One class of exact InZn
solutions of three-~-dimensional gas- v, 1, no, 4
dynamica equations, 11=17

The calculation 1is simplified by intro=-
ducing cylindrical coordinates in the

area of the veloocity hodograph, and partial
solutions are made possible by the method
of separating the Fourler variableas, These
partial solutions lead to an exact solution
of three-dimensional gas dynamics equations’,
The method is useful in the analysis of
supersonic flow over fuselage-type bodies.

-31 -




l1b. Padeyev, S, I. Gas flow in a discharge

tube,

One-~dimensional unsteady flow of a per-
fect gas in a discharge tube is analysed
for the case where the energy release

in the discharge gap 18 a function of
time and is a determining factor of the
pirrocess, A relationshlp bdetween the
energy release law and the law of the
motion of a shook wave 1is derived,

117. Xostychev, G, I, (Kazan' Aviation Insti-

lly,

119,

tute). On optimal body shape in unsteady
flowS.

The determination of optimal body shape
and the effect of unsteadiness on
optimal shape are discussed.

Stanyukovich, K, P., and V, P, Shalimov,

On the motion of meteor bodies in ter-
restrial atmosphere,

Two stages of meteor motlion in tle earth's
atmosphere are discussed: 1) in the upper
layers of the atmosphere where the free
path of the air molecules is larger ¢

the diameter of the meteor body and 2) in
the lower layers where a strong shock
wave is formed in front of the body.

Chernyy, G. G. (Moscow). A method of in-

tegral relations for analyzing gas flows
with strong shock waves,

A general approach to utilization of
integral relations in the solution of
problems related to flows with strong
shock waves is presented. Some partie-
cular sample problems concerning the
detonation waves, and waves in shock
tubes are discussed.
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120,. Arkhimov, V., N. Plans=parallel flow of PiGie
conpn‘ublo fluid in the wake of a Yiﬂ ﬁé no. 1
body -

*

Bquations of motion, continuity, and energy
are formulated for the following conditions:
&t a given distance from the dody, the
pressure is approximately constant in the
oross ssoction of the wake, the transverse
velooity is small as compared with the
dongitudinal velocity, the rate of change
in longitudinal velooity,along the axis

of the wakes is amall as compared with the
rate of its transverse change, and the

rate of preassure change along the wake is

negligible.

121, Pal'kevioh, S, V, (Saratov). Near-sonio PMMe
plane laminar gas flow with singular V. 25, no, 2
points on the sonic line, 218-228

Near-sonic plane laminar flows with

8ingular points on the sonic line were
atudied. Solutions with a singular

point on the sonic line of Tricowi's
equation and solutions of Chaplygin's
equation are used to obtain solutions in

the form of an infinite series, the first
term of which is the corresponding "self-
similating” solution of Tricowi's equation,
The ocases of wedge-shaped profiles and flat -
plates are considered as 1llustrative

examples,

122, Medukhovskiy, I, B. (Moscow). The flow PMMe
at an angle of attack past a finned body V. 25, no, 3
of revolution. 561-586

The regularity patterns of a flow past
a body of revolution are discusszed us
general assumptions on the relation between

- 33 -




aerodynamlic flow parameters and orienta-
tion of the velocity vector of the oncoming
flow relative to the merid.ans. Dependence
of aercdynamic forceg on the angle of
attack of a longitudinally finned body of
revolution is discussed as well as the
number of fins, assuming that there i3

no aerodynamic interference between them,

123, -Sychev, 7, V, (Mosscow), Hypersonic gas PMMe
flow of a viscous, heat conducting gas. v. 22, no. 4
600-610

Motion of a body in hypersonic flow of a
viscous heat conducting ges is studlea
and equationsa characterizing the gas flow
around the body are derived on the basis
of the Navier-Stoltes equation for an ine
finite Mach number. General comnon
properties of stoady hypersonic flow
around bodies with formation of a strong
shock wave, and self-gsimilar unsteady
flows with t® = 0 in the undisturbed
region x are.discussed, :

124, Galkin, V. S., and A, A, @ladkov (Mosoow). PMNe
Lift at hypersonic speeds, . v. 25, no, 6

1138-2139
Presents a study demonstrating that the
1ift for a large class of bodies (wedge, N
cone, et cetera, but not a cylinder or
plate) in a free-molecule hypersonic
flow at any value of Knudsen number and
in a continuum hypersonic flow 1is negative
for any angle of attack in the range from
zexro to 907,

125. Dorodnitsyn, A, A, Solution of boundary
layer equaticns, IPMMe, ANSSSR
3ib, 0. 8b,
A short presentation is made of one method 77-63
for the exact solution (with any degree

- 34 -
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of accuracy) of equations of a laminar
boundary layer of a nonocompressible liquid,
Two examples are presented which show the
rate of convergence of the methcd. It 1s
noted that although setting up the systen
of differential equation is a tedious
process, the solution of the system on high=
speed computers is simple,

126. @inzburg, I, P, (lLeningrad State University). VeLUMMeAs
Turbulent boundary layer con a plate in a no, 1
compressible flow, 75

The skin friction and heat transfer on a
flat plate in a turbulent hypersonic flow
at arbitrary Prandtl numbers are determined
wlta disscclatlion and diffusion taken into

account,

127. Kulonen, L, A, Calculating the parameters VeLUMMe As
of a laminar dboundary layer on a flat no, 1
plate in dissociating gas. 128=-132

Equations for a laminar boundary layer

on a flat plate are solved with the

chemical nonequilibrium dissociation of

a diatomic gas under conditions of in- .
complete thermodynamic equilibrium taken
into account, under the assumption that

the specific enthalples of atomic and
molecular components are arbltrary

functions of gas temperatures.

128, Belova, A, V., and S, V, Vallander. Integral VeLUMMeAs
kinetlc equations in the theory of monatomic no, 2
gases in an external fileld of body forces. 75-80



129,

‘he system of equations derived 1s intended
to desoribe a gas flow subjected to a cone
stant external field of body forces. It

is shown that the equations can be used for
a variable external field with negligible
variations, In deriving the equations, the
faot was taken into account that the trajec-
tories of atoms in the exfernal field of
body forces are curvillnear,

Vallander, S, V., and A, V. Belova. VelUllde Az
Integral kinetic equations for gas no.8§
mixtures with internal degrees of 81-

. freedom,

A system of integral kinetlc equatlons
is presented for a mixture of polyatomic
gases flowing in a constant external
field of body forces in the presence of
chemical reactions, The system of equa=-
tions can be solved by the method of
successive approximations., It is as-
suned that for gas motlon only molecular
collisions in palirs are esaential and
that the gas particles formed by the
chemical reactions are electrically
neutral,

130, Kulonen, L, A. A method for analyzing a Val.UMMeAs

laminar boundary layer on a porous sSure no, 2
face, 123-135

The laminar boundary-layer protlem of the
motion of a binary mixture of gases with
differcent physical properties is considered
for the general case of a variable free-
stream velocity, a variable surface tempera-
ture, and an arbitrary relationship

between the mass-transfer coefficients,
temperature, and concentration, The

"method can also b2 used for solving the

problem of gas-mixture motion on a boun~
dary layer with injection through the
porous surface,
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131, Koldobskaya, T. G., and I, A, Sychev, Ire

regular reflection of a shock wave from
a ourvilinear wall.

The problem is solved by Paper's method
with some additional assumptions, A
serles of expsrimental investigations
was made to compare data for reflection
from ocurvilinear profiles and wedges.

132. Ryzhov, O, S. Decay of shock waves in ine

133,

134,

homogenecus media,

Physical phenomena assoclated with the
propagation of small-amplitude waves in
& nonuniform medlum are explained, The

interaotion of two shock waves 1s analyzed

for the case in which one overtakes the
other,

lunev, V, V., and I, N, Murzinov., Effect
of radiation on the flow in the stagna-
ticn point reglion of a blunt body.

The effect of thermal radilation of a
gas on its flow parameters near the
stagnation point of a blunt body is
discussed, disregarding the radiation
pressure, the interaction between

radlation and oncoming flow in the shock

layer, and the effect of the thin
boundary layer.

Ryzhov, O, S. The decay of shock waves in

steady flows,

The basic characteristics of the develop-
ment of shock waves of small amplitude

in nonhomogeneous steady supersonic flows
are studied for the case where the width
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of the disturbed-flow region 1s assumed
to be small compared with the radius of
ocurvature of the shook waves and the
distance &t which the parameters of the
initial medium chanze appreciably.

s

135, Sayasov, Yu, S, Structure of an oblique ZhPNeTF K
shock wave in a chemically reactive no., 6 -
gas, 172-174

The system of equations describing the

flow or a chemically reactive inviscid

gas behind an oblique shock 1s used in g
analysis of flow parameters behind the '
shock wave, Assumptions are made that

the front of the shock wave is plane

and that the flow lines behind the shock

wave are rectilinear,

136, Grebenshchikov, S. Ye., M. D. Rayzer, A, A, ZhTF
Rukhadze, and A, G, Frank, V. 31, no. 5
525-538

In an experimental study of the lnter-
action of converging ring-type shock
waves with a " magnetic wall," shock
waves were produced in a vacuum chamber
at a frequency of 360 ke by discharging
two parallel-connected 0.2-uf capacitors
through a copper ring surrounding the -
chamber, Comparison of the experimental
results with those obtained theoretlcally
for plane shock waves interacting with a
magnetic wall showed close agreement,

1370 M'mn’ Yuo Po] and F. Do POpOV. Non“ zm
equilibrium dissociation of a gas mixture v. 31, no, 6
behind a shock wave, 726=73

Nonequilibrium dissociation of & mixture

- 38 -




138,

139,

of two diatomic, or of one monatomioc gae
and one diatomic gas behind a normal
shoak wave is investigated, An approxi-
mate method of solving the equations (of
ccnservation of state and of relaxation
uhigh desoribe such dissociation 18 pree-
sented,

Gvozdeva, L. G, (Laboratory of Combustion

Physics, Krzhizhanovskiy Institute of

Power Engineering, Moscow). Refraction
of detonation waves by incidence on the
boundaries between two gaseous mixtures,

A motion pacture investigation of rare-
faction of a shock wave moving in a
reacting medium as 1t passes through

& boundary between this medium and an
explosive or inert medium is presented.

an'kin, Yu. P, (Ioffe Physicotechnical

Institute, Leningrad)., Measurement of
entropy in the relaxation of a gas
mixture behind a shock wave,

The relaxation of a mixture of a diatomic
gas and a monatomle gas behind a shock
wave 1s analyzed. The excitation of
degrees of freedom and entropy changes
behind weak and strong shock waves are
discussed,

140, Koryavov, P, P, Numerical calculation of

laminar flows,
The problem of jet mixing of two steady

laminar seml-infinite flows of compressible

viscous gases of different velocitles and
temperatures is considered, A method is
presented for numerical calculation of
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141,

142,

velocity and temperature profiles in

the mixing zone on the basis of the
general boundary layer theory, under the
assumption that parameters of gas density=
viscosity, heat transfer, and specific
heat at constant pressure are known
functions of temperature,

Shehennikov, V. V, (Moscow). An analysis
of a laminar boundary layer over & sube
lining surface,

Equations are derived and houndary
conditions are established for analysis

of the laminar boundary layer over a
subliming, axisymmetric, blunted body in

& high supersc¢nic flow, taking the chemiocal
reactions into account.

Godunov, S. K., A. V. Zabrodin, and G. P.
Prokapov. A difference scheme for two=
dimensional gas dynamic¢s problems,

A method was developed for the numerical
solution of two-dimensional gas dynamics
problems. The difference computational
scheme for gas dynamics equations and the
formulas for approximate calculation of
the decomposition of discontinuity were
worked out and are presented in detail.
The stabllity of the difference scheme
was studled only for the case of a
linearized system of gas dynamics equations
with constant coefficients; necessary and
sufficient stablility conditions of the
scheme for this sytem were derived. The
difference method is also applied to the
case of a homogeneous supersonic flow of
an ideal gas around a sphere,
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143,

144,

145,

Babenko, X, I,, and G, P. Voskresenskly, ZhVyohMMP
A numerical method for calculating the v. 1, no, 6
flow of gas around bodies, 1051-1

A method for numerigal calculation of the
three~dimensional supersonis flow of an
ideal gas around pointed bodles has been
developed. PFPrograms are worked out for
electronic digital computers, and calcula-
tions are made of the flow around a
circular c¢one and a dbody of revolution for
various values of Mach nunber and of angle
of attack.

1962
Dorodnitsyn, A, A. Numeriocal methods for Aroh MeSt
solution of laminar boundary-layer v, 14, no, 3/4
equations, 343-357

A general method of integral relations
used at the Computing Center of the
Academy of Sciences USSR for the solution
of complicated boundary-layer problems

by means of high-speed computers is
desoribed., Genersl expressions are
derived for integral relations for a
boundary layer in a "eclassical" compres-
sible fluid (that is, without chemical
reactions and radiation) which can easily
be adapted to incompressible fluids.

Iubonski, J. Hypersonic plane couette Arch MeSt
flow in rarefied gas. v 1hguno. 3/4
Hypersonic plane Couette flow in a rare- 253-5
fled gas is considered in terms of a
certain approximation method which is of
more general use than conventional ones
and can be applied to other hyperscnic
flows. A flow between two walls which
reflect molecules diffusely is considered
because of its simpliocity. Fields of
macroscopic values, -such as density, mean
veloclity, and temperature are investigated.
The molecules are grouped into three
classes according to their motion origin,
The gas 1s regarded as a mixture of the
three classes and the molecules are con-
sidered as rigid spheres.

- 4] -



146, Gos'kov, L, P,, and L, P, Pitayevskiy, DAN SSSR
The origin of a shook wave caused by . 144, no.
reflection of a weak disoontinuity 296

from the sonia line,

The reflectlion cf the weak discontinuity
(the discontinuity of the first derive~
tives of velooity) Ifrom ths sonic line
was studied with the aid of the Euler-
Tricomli equation descridbing the sonic
flow of gas, TFormulas desoribing the
charge of parameters on a shock w&ve are

derived.

147, Bazhenova, ‘I, V., and O, A, Predvoditeleva, EnI AN SSSR
A comparison of air parameters behind
shock waves, 15=

Thermodynamic and gas dynamlioc paramsters
behind r.ormal, incldent, and reflected
shock waves are compared under certain
assumptions on equilibrium dissociation
of al:; the excitation of degreer of
freedoin of particle is sonsicared.,

148, Anfimov, N, A. The laminar boundary IZAN MeMa
layer in a multicomponent mixture of no, 1

gases, 5-31

The equations of a laminar multicomponent
boundary layer are solved in the neighbor-
hood of the stagnation point of a blunt
body in a flow of dissoclated air, It 1is
assumed that the chemical reactions inside
the boundary layer are frozen and that the
state of the gas at the wall and in the
outer boundary of the layer is in equili.
brium,

b
L |
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149,

150,

151,

152.

Avduyevskiy, V. S. (Moscow). Analysis of

& three-dimensional laminar boundary
layer along geodesics in the flow,

Differential equations are derived for
flows in the regions of the geodesiocs on
a oone under an angle of attack, slip
flow past an infinite cylinder, and at
the forward stagnation point., Formulas
ars given for ocaloulating the parameters
gt heat transfer, friotion, and boundary
ayer.

Shidlovekiy, V. P. TFlow of slightly rare-

fied gas about a sphere,

S1ip flow about the forward part of a
sphere is considered. This flow cor-
responds to Knudsen numbers K from 0,1 to
0.01. It is assumed that the Mach
number is of the order of l/K,

Mel'nikov, D, A, Shock wave reflection in

a supersonic gas flow,

The problem is studied of a gas flow
through the reglion of an incldent shook
wave reflected from the axis of symmetry,
where a normal shock wave is Jlurmed,

A method is developed for determining

a subsonic flow beyond the normal shock
wave. Shadow photographs are given of
flows from four axisymmetrical nozzles
of different shapes, with uniform and
nonuniform velocity fields and Mach
numbers from 2.8 to 3.2 and 2.67 to 3.37.

Anfimov, N. A, The lamlnar boundary layer
on & chemically active surface.

The burning of a blunted semi-infinite
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body (consisting of various c«rbon,
oxygen, and hydrogen compounds) in a

flow of high-temperature air is discussed,
The boundary layer in an eight-component
gas mixture in the presence of chemical
reactions and mass exchanges on the body
surface is examined. A method is given
for determining the rate of burning and
the surface temperature is given,

153, Shkadov, V, Ya, A solution of the
boundary layer problen,

The flow of a viscous incompressible fluid
in a boundary layer is studlied and equa-
tions with solutions which satisfy parti-
cular boundary conditions are analyzed,
Analytioal series are employed to derive
two satisfactory solutions, for boundary
layers starting at the boundary edge and
at the oritical point and for bodies with
sharp and blunt edges.

154, Vulis, L. A, An interpolation formula
for a transient region of flow,

An incerpolation formula is presented,
basec on phenomenoclogical treatment of
the process of transition from a steady
laminar regine to a turbulent one, which
is applicable to integral (drag, heat
transfer, et cetera) and loocal terrootivo
viscosity and temperature conductivity
in a turbulent boundary layer) governing
aws,

155, Avduyevskiy, V, S, A method for analyzing
a three-dimensional turbulent boundary
layer in compressible flow,

A method 1s developed for calculating a
turbulent boundary layer in a compressible

- 44y -
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two= Or three-dimensional hypersonic flow
on an arbitrary ourvilinear surface. The
formulas for a flat plate are applied at
every point of the body, and in place of
the true length along the surface of the
body, a certain sffective length whioh
satiufies the basic integral correlations
is considered. The expressions for the
paramnsters of & turbulent boundary layer,
are obtained by analyzing experimental
data on tu:bulent dboundary layers. Calocula=-
tion of the frioction drag at Mach 6 on an
axisymmetrical ideal nosgzle is presented,
a8 are sample calculations of the heat ex-
change for a Mach 10 three-dimensional flow
around a oylinder of infinite length, and
arcund sharp- and blunt-nosed cones.

The effect of the shock-wave curvature

ia takesn into account and discussed,

156, Dorfman, L, A, The boundary layer on bodies  IsAN MNeMa
rotating at high velocities, no. 4
18-22
An approximate method 1is presented for
calculating the boundary layer on axisym=
metrical bodies (turbine wheels, propellers,
rotors, and projectiles) rotating at high
velocities in axial flows., The inflow
“"ventilating") effect of rotation on the
OW in the boundary layer 1s taken into
account, A comparison of the results with
those obtalned by the method set forth
by E. Truckenbrodt in 1954 indicates that
the present method gives values closer to
experinmental data,

157. Cherkez, A, Ya, Averaging of supersonioc IZAN MeMa
gas-flow parameters, no, 4
23-26

The possibility of using the relations
and methods of one-~dimensional gas
dynamics in the study of highly irregular
supersonic flows is considered., It is
demonstrated that for irregular super-
sonic flows in which the stagnation
temperature 18 constant, it is possible
to rfind average parameters which will
satisfy the flow oconditions.
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158. Avduyevskiy, V. S., and Ye, I. Cbroskova. IzAN MeMa
Laminar boundary layer on a porous plate no. 5
in the preseice of chemical reactions on 3-12
its surrface.

A laminar boundary layer with chemioal
reactions on a porous plate through
whioh a gas is injected is discussed,
Approximate formulas are derived for
determining the boundary-layer para-
meters, with carbon and hydrogen
burning on the plate surface and binary
diffusion in the boundary layer.

159, Cherkez, A, Ya, One~dimensional theory ISAN MsMa
of supersonlc gas Jets, no, 5
13=15

The one~dimensional theory is shown

to give quantitative results conforming

with experimental data, to determine

Qqualitative flow laws, and to disclose
the physical meaning of some character-
%sgios of the initial portion of the
et.

160, Kireyev, V. T. Shock wave propagation in IgAN NeNa
& shock tube, no,
144146
A flow pattern is presented for deter-
mining the variations in shock wave
velooity and flow parameters of the
driving and driven gases during dia-
phragm opening. Results of numerical
calculation of the shock wave velooclity
and oruss-sectlor area varliation of
the opening are presented in graphs,

161, Lunev, V. V. (Moscow). A shock layer IzAN NeMa
method in problems of hypersonic flow no, 6
over thin blunted bodies. 146-247
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162,

163,

The method proposed by H, Cheng, T. Hall,

T. Colllian, and A. Hertzberg for approximate
calculasions of a flow over thin blunt
bodles is analyzed, It is shown that the
solution obtained for any isentropic
exporent not equal to unity contracdiocts

the results obtalned by G, G. Chernyy,

who used another method, which gives,

in general, more agourate results.

Kutateladze, S, S., and A, I, Leont'yev,

Calculating turbulent boundary layer
parsmeters under essentially positive
pressure gradients,

A new successive-approximation method for
calculatirig tlie parameters of a turoulent
boundary layer was developed. The analysis
is based on the limiting laws of friction
and heat exchange in the diffusion region
of gas flow., Equatlons for determining

the velocity profile within the turbulenc
layer, the drag distribution, and the limit-
‘veloclty profile at the point of separation
are also derlved and show good agreenent
with experimentul data.

Romishevskly, Ye. A, (Moscow). Boundary

layer and steady gas discharge diffusion-
pattern radiation.

The process of the interaction of a
viscous radiating gas-flow at reentry
velocities with the surface of a body in
a thin layer which has a boundary-layer

pattern is discussed, as well as phenomena

in a steady gas discnargas under high

pressure whlich are of the same character,
Jt 1s 2ssumed that the radiation range
is smail and has a diffusion pattern.
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164, Slezenko, Z, F. The velocity profile of InFZh
the boundary layer on a nonuniformly v. 5, no. 10
heated plate, 47-52

A method was devisec Tar direst measure-

ment, with an accuracy of 0,01 to 0.005 cm/sec,
of local values of the small-velocity profiles
in the boundary °~ rer on a nonuniformly

heated plate., L..2d on the photoelectric
principle, the method is applicable to weakly
rarefied and nonrarefied gasea., 4 circuit
diagram of the device used in the measure-
ments is given, along with the method of
calculating velocities from a nomogram,

165, Kostychev, G, I., and V., I, Polkovnikov, IzVUZ AvT
Variational problems of gas dynamics, fg.l

The effect of flight conditions on the
optimum form of an aircraft and its
vertlical motion are studied,

166. Dulov, V. G. An approximate method for [zVUZ AVT

calculating slightly divergent supersonic no. 2
axial flows, 8-14

For the calculation of slightly divergent
Supersonic isentropic gas flow, the Lenine
grad Instltute of Mechanics has developed
an approximate method which combines and
to some extent is based on two classical
methods, that of characteristics and that
of the linearization of equations and
boundary conditions,

167, Dualov, ¥V, G, Shock-wave propagation in a IzWZ AW
variable-cross-section channel, g?;ai
The propagation of a shock wave formed in
a gas dust of constant oross sectlion and
moving through a short divergent channel is
analyzed and the dependence of shock wave
parameters on the area of the ocross section
of the channel is established,
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168,

169,

170,

171,

Nikol'skiy, A. A., aad B, A. Smirnov,

Tols s A. I, A turbulent boundary layer

InZh

with pressurs gradlsnta on a porocus surface. ;é.gé no, 1

The problem is analyzed for incompressible

gylol, end the results are generalized

- for compressible gases, The equations may
be used for calculating any general case
of a turbulent boundary layer with diffusion

and heat transfer.

of a shock wave on an obstaole.

Some specific obstacles, both two- and
three~dinensional, are considered, The
overall impulses and moments and also
the distribution of pressure impulses on
the surface of the body are determined.
It is shown that when the velocity is
sufficlently low and vorticity may be
neglected, the problem can be reduced to
the case of inocompressible-fluid flow.

Stanyukovich, K, P, Variation of arbitrary

constants in self-similar solutions.

An approximate method for calculating the
variation of arbitrary constants in the
propagation of moving shock waves 1ls
presented. The new solutions are based
on the principle that any motion of
gases 1in small volumes for short time
intervals may be considered self-similar,

Neyland, V. Ya,, and G, I, Taganov. The

flow pattern in the sepgration region,
A general solution of the problem of

the fiow in the boundary=layer separation
region with a return flow is presented.
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172,

173.

The study is restrictea co the plane
flow of an incompressidble fluild within
the plane flow of an incompressible
fluid within the stagnation zone, and .
to a supersonic flow past a body with

a needle fixed at its front, The
formation of separation zones, the zone
angles, and the velocity profiles are
discussed in both flows.

Petukhov, I. V,, and A, L. Ankudinov. The
effect of flow vorticity and body curve-
ture on boundary layer.

The effects of fiow vorticity outside

the boundary layer, as well as of the
csurvature of body contour, on the
structure of the boundary layer are
analyzed by using a strict formulation

of boundary oonditions for the secondary
streams in the layer, The results of this
analyslis were used as a correction of - |
the luiown solution of this problem (withe
out outer-flow vorticity) by Blasius.

Sheherbina, Yu. A. The effect of initial
turbulence on the boundaries of a mixed
Jet. ‘

Results are presented of an experimental
investigation of a two-dimensional mixed
Jet in ite initial region, where the
structure of the jet is disrupted due to
high turbulence. Turbulence measurements
were made by the optical-diffusion method
at the same distance from the nozzle
grid in all cases., Initial velocity was
kept constant in all of the experiments.
The schematic dlagram of an experimsntal
device ias gliven, as well as graphs of
velocity distribution amd relative
boundaries of the mixing region.
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174, Ladyzhenskiy, M. D, An analysis of hyper- mS, no. 2
sonic flow equations and the solution of 259-299
the Cauochy problem.

General equations of hypersonic vortex
flows are inveatigated. The approximate
solution of the Cauchy problem is comimxred
with exaoct analytical and numerical
solutions. The results can be used for
studying internal hypersonic flow,

175, %hilin, Yu, L, Similitude parameters at PMMe
high hypersonic velocities. §é7agéano. 2

Similarity oonditions established by
W. D, Hayes and R, F, Probstein for
intermediate hypersonic velocities
are extended to high hypersonioc
velocities, Analytical expressions
are given,

176. Kogan, M, N, Hypersonic flows of a rare~ PMMe
fied gas. v. 26, no. 3
520-529

The basic theoretical concepts and the
criteria and conditions for the existence
of near-free-molecular hypersonic flows

are discussed, Flow past a plate perpen=
diocular to the flow direction 1s considered
for various Mach numbers and collision
cross sections, It is assumed that re~
flectlon of molecules from the plate 1is
diffusive with a Maxwellian velocity
distribution. '

177_0a1k5n, V. S. On the jJift in a ‘ree PMMe
mo.ecule flow. v, 26, no, 3

It 1s shown that the lift of certain
finlte-length bodles in a free -molecule
flow can be negative at any angle of
attack between O and 90° and with forces
acting on bases of such-bodies taken
into account.
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178, Kulkovskiy, A, G, On shock-wave structure, o 4
Y. no,
Solutions of general gas-flow equations 631-651
whilch oan be used in gas=-dynamies and
magneto hydrodynamics and analyzed and
the structure and behavior of shock
waves are discussed,

179. Ladyzhenskiy, M, D, Flow of viscous gas PMMe
into vacuum, v, 26, no, &4
6h2-6lg

Viscous, heat-conducting gas flows from
two=and three-~dimensional sources were
studied by using Navier-Stokes equations
with the assumptions that the coefflicients
of viscoslty ard heat condictivity are
power functions of temperature and that the
Prandtl number is constant, An asymptotic
solution is sought for the case of the flow
of gas into a vacuum when the pressure at
infinity approaches zero.

180, Jakob, I. A,, A, Zaharescu, and L, Dumit- RevMeAp
rescu, A method for measuring the velocity v. T, no, 1
of shock-wave propagation. 173-183

A method for measuring the velocity of
shock=-wave propagation 18 discussed.

The measurements by a simple and compact
unit with circuit components of original
design are acourate to 0.2 to 0.5% for
Mach numbers from 1 to 4., The arrange-
ment of the system ls described and ahown
in a diagram; a concise description of
the characteristics of the component
blocks 18 given,

181, Losev, S, A,, and Osipov, A, I. An UsMN
investigation of nonequilibrium pheno- ve T4
mena in shock waves, 393=434

-5 -



The following nonequilibrium phenomena
were investigated in shock waves: 1)
equalizing processes based on the ki-
netic theory of gases (qualitative study);
2) the state of the gas in a shock wave

(experimental study), The operation of
& shock tube was also studied,

182, Mlippov, B, V. A variant of unsteady VeLUMMeAs
kinetic equations in rarefied-gas aero- no., 1
dynamics, 142=146

Unateady gas flow 18 descoribed by a system
of kinetic integral equations derived for
the case in which the initial value of

the distribution function is given.

183, Tsibarov, V, A. Relationship between VeLUlMMeAs
equations of the kinetic gas theory, no, 1
147-151
The connection between the solutions of
integral-differential and integral-
kinetic equations derived by Vallander,
Fenner, and Sinter 1s established,

184, Vallander, S, V., E. A, Gurmuzova, and B. V, VeLUMMe As

Filippov. Kinetic integral equations for no, 3
an arbitrary conservative field of external 87-89
forces,

A system of kinetlic integral equations is
presented which describes the motion of
a gas consisting of particles with
internal degrees of freedom moving in an
arbltrary field of mass forces changing
80 slowly that they can be considered
constant within the limits of a molecule.
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185, Aleksenko, I. I., R. G, Barantsev, and VelUMNeAs

I. N, Panteleyeva. The method of no. 4
transversal approximation in hypersonic 62=-T7
flow.

The method of transversal approximation
is used ror establishing the relation
for the variation of' flow parameters
woross the layer between the shock wave
and the body along the normal to the
shock wave. The basic features of the
method are analysged through quadratio
approximation of the stream funoction; a
detailed and complete study is carried
out for the case of linear approximation,

186, Lugovtsov, B. A. (Novosibirsk)., The ZhPMeTF
- propagation of a shock wave from a no, 3
distant explosion in a water reservoir 31-39

of constant depth,

The slte of the explosion 1s located at
a distance (comparable to the depth of
the reservoir) such that the disturbances
caused by the passage of the shock wave
are quite small, thus permitting one to
consider the motion caused by this pess-~
sage as short-wave propagation,

187. Mezhirov, I. I. One-dimeisional gas flow ZnPMeTP
in a channel of varying cross section in no.
the presence of frictlo. and heat exchange, 92-95

The prodblem of calculating one-~dimensional
gas flow in a channel with varyling cross
seotion in the presence of friction foroes
' and heat exchange between the zas and
the extarnal medium is sonsidered. The
- effect of these faoctors on the total
gas preasure is deturmined, and the prodlea
of determining the channel-area variation
necessary to obtain a designated Mach- .
mmber distribution for a given heat ex=- N
change law is solved.
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188, Leonaa, V, B. A study of interaction between

189,

194ua

free-nolecule flow and a wall.

A method of experimental laboratory
measurement of the coefficient of
dmpulse transmission in the Ilow ol a
rarefied gas against a surface is
discus.zd, An installation for producing
a hish.- .>eed molecular beam from a
superccaic jet of rarefied gas 1is des-
oribed, and the results of a study on
the angular distribution of recoil
molecules are given, Mearurcments of
the velocities of recoil particles arc
also presented.

Korobeynikov, V. P. An analogy between a

sylindrical explosion and hypersonic
gas flow past bodles.

An approximate analytical method for
determining the law for the motion of
an exploslion wave and the pressure in
the center of the blast l1s presented,
The procedure used in this method 1is
compared with that employed in the
analysls of an inviscid hypersonic flow
past blunted bodies. It is shown that
with an increased ' Mach number, the
shape of the shock wave in the flow
approaches that of an explosion wave,

Lapin, Yu, V. (Leningrad Polytechnical

Institute). A turbulent boundary layer
in dissociating gas,

The influence of cquilibrium dissociation
of an "ideal dissociating gas" on friction
and heat transfer in a turbulent boundary
layer of a plane plate 1s studiled,
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191, Kulonen, G. A, Application of the Xoohine ZhTP
Loytsyans<iy method to analysis of a v, 32, no, 4
laminar boundary layer with an interface. uéo-néa

The flow parameters of a two-dimensional
boundary layer at the stagnation point are
disoussed. It is assumed that a film is
formed on the surface of a body (rom a
sub1tance which is in a different phase
(gaseous or 1iquid) than that of the on-
coming flow, so that an interface is formed;
The densities of both phases are constant,
and their physical properties independent
of the temperature., The surface-tension
forces are negleoted,

192, Lozgachev, V, I, The theory of free mole ZnT?
cule flow, II, Passage through chambers V. 32 no. 9
of arbitrary chape. 1123-1133

The general problem of free-molecule

flow through a chamber with arbitrary
location of the inlet orifice and the
outlet orifice is considered, that is, ‘
the probability of a molecule passing
through the chamber is sought., It 1is
assumed that the mean free path of a
single molecule 18 greater than any
dimension of the chamber, that there is
no interaction between molecules, and

that the chamber walls refleot all
incident molecules according to a specifis

law,

193, Belotserkovskiy, O. M, Computing Center, ZhVyohler
Academy of Sciences USSR). Supersonic v, 2, no, 6
flow of perfect and real gases around 1062-1085

blunt-nosed bodies.

The method of integral correlation 1is
applied to the problem of hypersonic flow
around blunt bodies at Mach numbers

M. = i to M,—>~, :
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194, Hess, H., (Physikalisch-Technisches

195,

196,

Institut, Bereioh Strahlungsquellen,
der deutschen Akademie der Wissen~
schaften). Discontinuity oonditions
in the front of an ionizing shock
wave.

The gasdynamic parameters upstrean from
an ionising shock wave propagating in
helium at 25 mm lig, at velocities of less
than 20 N, were caloulated by means of
the Rankine-Hugonliot equations, equations
of state, and the Saha equation for ioni-
gation, The density, pressure, tempere-
ture, gan velocity, and degree of ionl-
gation were plotted for ionizing and none
lSion:l:%ns waves a8 functionsof M up to
- 1 °

Mikhaylova, M. P, Motion of gas behind an

asymmetrical piston,

The motion of piston in a homogeneous
gas 1s inv stigated under the assump-
tion that vhe gas in front of the piston
is at rest., The solution is sought for
self-similar motion of the gas behind a
piston moving at a constant speed,

Xorobeynikov, V, P,, and V, P, Karlikov.

The parameters and shape of a shock wave
front produced by an intense explosion.

An approximate method is prescnted for
calculating the parameters and shape of

& shock wave produced by a point explosion
in an inhomogeneous medium, Analytical
relationships permitting determination of
the shape are given, together with the

law of its change with time. The method
can be applied to the problem of explosions
in a nonisothermic atmosphere,
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197. Kuksenko, B, V. (Moscow State University). DAN SSSR
A method of rarefied-gas-flow analysis, ve 151, no, 5
1040-1045
A method is outlined for sstting up
systems of equations for many functions
of a small number of independent vari-
bles which are sufficient for obtaining
an approximate solution of aerodynamic
problems of rarefied gases,

198, Struminskiy, V. V. (Corr., member, AN SSSR). DAN SSSR
On the nonlinear theory of aerodynamic v, 151, no, 5
stability, 1046-1049

The successive-approximation (small-
parameter) method is applied to the

study of the aerodynamic stability of
disturbed viscous incompressible fluid
flows between two parallel walls and in
the boundary layer. The bounds of sta-
bility and the development of disturbances
with time are discussed,

.sy. Petrosyan, L. G. On the solution of the IzAN ArmSSR
boundary-layer equation. M
v. 16, no. §
A solution of the boundary-leyer dif- 91-98
ferential equation is presented in the
case when the pressure gradient 1s zero N

and the equation of the potentisl-flow
velocity are given, Expressions for the
flow parameters and shear stresses on a
plane suriace are derived,

200, Ginevskiy, A, S., and Ye Ye, Solodkin. The IzAN MeMa

i effect of transverse surface curvature on
% . characteristiocs of an axisymmetrlic, none- no,l
isothermal, compressible turbulent boundary 99-119
2 layer,
- 58 -
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A theoretiocal investigation of thet above=-
mentioned problem in a high supersonic
flow 1s presented. Flows past oonvex
soynndrioal) and ooncave (channel) sur-

aces are discussed for varicus Reynolds
&nd Mach numbers, and various values of
a temperature parameter are discusaed.

201, Dtyakonov, Yu., N,, and N, A, Zaytseva, IzAN MeMa
guperaonio flow of an ideal gas about no, 1
a blunted body. 118-123

The axisymmetrical supersonic flow field
around a blunt body is investigated., The
results of caloulations for flows at

M« 3, 4, 6, 10 and past a sphere and past
spherically blunted cones are presented,

20z, Shkadov, V, Ya, The boundary layer with IzAN MeMa
pressure gradient in compressible fluid no, 2
flow, 28-32

A boundary layer problem in a compressible
fluld flow under the assumption that the
viscosity varies linearly with temperature
and that the Prandtl number 1s constant,

203, Motulevich, V, P, Evaluating terms of InFZh
boundary layer equations, gg, 5
. -91

An attempt 1s made to obtaln quantitative
e¢riteria for evaluation of various phenomena
and their corresponding terms in a complete
systen of (ifferential boundary layer
equations, taking into account all the
factors resulting from the molecular-kinetic
theory of matter, Diffusion and energy
equations are considered, The expression

for the reference term is established and

its selection procedure outlined for dboth
equationa., An approximate method is developed
for calculating tihe dimensionless para-
meters of boih equations, which makes it pos-
sible to determine the relative role of
every separate term. ' '
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204, Kozlov, L, F, Optimum boundary-layer bleed InFZh .
on & porous plate in an incompressible v, 6, no, 10
fluid, ‘ 88-92

The optimum suction of an incompressible
fluid from the boundary layer on a porous
plate is investigated theoretically.
Laminor friction coefficients, and local
and total amounts of removed fluid are
determined.

205. QGalkin, V. S. The effectsof 8lip in hyper- inZh
sonic slightly rarefied gas flow past bodiles, v, g& no., 1
27=
The effects of slip on aerodynamic para-
meters of bodles in a hypersonic rarefled-
gas {lowand the limits of applicability of
laminar boundary layer theory to the
description of a viscous disturbed flow
past plane and axisymmetric bodles are
discuesed, Expressions for slip-
velocity and temperature Jumps are
derived and the terms of the Burnett
equation along the wall are evaluated
by using the local similarity method and
self-similar solutions of the boundary
layer equations.

i
1

200. Neyland, V., Ya,, and G. I, Teganov. Super- InZh
sonic separated flows. V. 3, no. 2

A detalled study cn the configurations of
forward separated flow regions in super-
sonic flow past symmetric bodles is presented.
The angle of flow separation i1s determined,
and 1ts dependence on Mach number is estedb-
lished for the case when the ratio of the
viscous boundary-layer thickneas on the
interface of the conlcal separated region
near the reattachment point to the radius
of body curvature in the meridiocnal oross
sectlion tands to zero,

J [T PR NV



207. Bukovshin, V, G., and G. I. Taganov. InZh :
Determination of the aerodynamic forces v, 3, no, 2
acting on bodies with separation regions 215-221
in hyperxsonic flows,

A theoretical method is outlined for
caloulating the aerodynamic forces acting
on bodies of arbitrary shape in hypersonic
flows in the presence of separated flow
regicna of given configurations. The method
is appliad to the calculation of 1ift and
drag for a sphere and a c¢one, both with

a spike at an angle of attack,

208. Koshmarov, Yu., A, (Moscow). Rarefied gas InZh
flow along a wall suddenly set in motion, X. 3&#no. 3
33-441

The dynamic behavlior of a g&as set in motion
by a sudden movement of the gas~confining
infinite plane is investigated on the basis
of molecular theory and under the assumption
that the velocity of the plane 18 smaller
than the velocity of sound in the gas, An
equivalent systen of equations of moments

is used instead of the Maxwell-Boltzmann
equation for determining the function

of molecular velocity distribution.

209, Bedyagin, A, A, The maximum lift-~drag ratio IzVUZ AVT
of an aircraft, no, 1

-9

The effect of balancing (static stability) 3

on the lift-drag ratio of a conventional

and of a "canard" type supersonic air-

¢raft 1s investligated.

210, Knhaldeyev, V. M, The selection of optimal LuVUZ AvT
paraheters of aircraft mechanisms, no. 1
66-79

An engineering method 1s described for
the design of airoraft mechanisms which
are to ve set within a strictly limited
contour, The particular case of a land-
ing-gear mechanism is considered.

- 61 -




By i >

211, Sirazetdinov, T. X,
gasdynanmios,

Optimal problems of

A system of equations is cderived for
determining an optirmm dody surface
having minimum drag or maximum heat
dissipation (minimum heat flow into
the body). The equation of a minimum-
drag airfcil in supersonic flow lis
discussed in detail.

212, Vinogradov, B, 8., and Z, G, Shaykutdinov.
An approximate method for calculeting
the detached bow shock wave in supersonio
flow past blunt bodies.

An approximate method is outlined for
rapld evaluation of the basic parameters
of a detached bow shock wave and of
flow behind it, it may be appiied with
sufficient practical accuracy to either
plane ar exisymmetric fiows,

213, Dolomanov, Ye, G, The calculation of air
parameters behind a pormal shock with
stagnation-temperature invarsion taken
into account.

The flow parameters in the region of the
stagnation point are calculated, talking
the effect of temperature lnversion

into account, A graph-analytical method
is usad for calculating the gasdynanlo
and thermodynamic parameters of air; the
effests of ionization, dissociation, NO-
molecule formation, and variable speoifilc
heat are oonsidered.

214, Sidorov, O, P,
: flows. -

4 certain class of vortex

Hydrodynamis effects on flows whinh
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exclude the formation of ahock waves
{specially selected vortex fields have
this property) are investigated to the
first approximation, A nonlinear aystem
of gas dynamic equations desoriding a
plans, steady flow of an inviscid, ocompres-
sible gas is oconsidered and after certain
analytical transformations reduced to a
linear aystorn. '

215. Vallander, S. V. (Editor). Soviet studies LU
20 N e rareried gases (I), (II), and (III). A1 M%e
no,
1-267
216, Varzhanskaya, 1 .., Ye. I. Obroskova, and MoUVychTs, Sb
Ye., N, Starov.. Boundary layer in the no, 2
vieinity of a stagnation point. 135-145

An analytical investigation is presented
of a oompressible laminar air boundary
layer near the stagnation point of a flat
porous plate through which hydrogen 1is
uniformly Iinjected,

217, Golitsyn, G. S. Correlations in local PMMe
isotropic turbulence, g. 23, no, 1.
1T

A study of velacity correlations and
pressure distributions is made on the
vasis of Kolmogorov's theory of locally
isotropic turbulence, The statistical
characteristics of the turbulence in
the whole equilibrium range are
calculated with the use of a spectral
density mode which at high wave
numbers decays like a Gaussian function,
Where possible, these characteristiocs are
conpared with results obtained on the
basis of other turbulence models, for
example, models with constant asymmetry
and Heisenberg modes.
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219,

2243,

Gonor, A, L. Three=dimensional minimume

drag bodies at high supersonic speeds,

Supersonic flow around a conical body

is anslyzed and expressions for pressure
and drag coefficlents are derived, The
drag coefficient formula 1s used to reduce
the problem to the separate determination
of optimal shapes for meridional and
transverse sections. The calculations
show that the optimal sross section is
star-shaped, The possibllity of determine
ing the optimal transverse section of a
body having one of its sides a plane
parallel to the flow is indiocated.

Kreyko, A, N. (Moscow)., On the determina-

tion of minimum-drag bodies by use of the
?ewton and Buseman pressure coefficient
aws,

After reviewing a series of studies on
determining the shape of bodies having
ninimum drag under certain types of
restrioctions, the author analyzes the
same problem with various srbitrary
restriotions.

Savulesocu, S, N,, and V, Toma., An ex-

perimental investigation of the inter-
action of a low-intensity Jjet with an
1?oompresaible boundary layer on a flat
plate,

The principal results of an experimental
investigation of the transitior. of an
incompressible boundary layer on a flat
plate initiated by a low=intensity Jjet
are presented, A brief desoription of
the experimental setup is given,
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221,

222,

2213.

Sclowkhin, R, I, Detonation waves in
gases, .

This review of 125 artiocles (88 Soviet)
published in 1959-1963 on detonation waves
in gases deals with: experimental methods
for scudying gas parameters behind a
detonation front, characteristica of gas
ignition behind a shock wave, transition
from deflagration to detonation in gases,

a8 pulsations behind the detonation

t, detonations in steady gas flows,

Unsolved problems and prospective research
are briefly disoussed.

Baush, G, The small-parameter method in
the hypersonic flow of an ldeal gas
past pointed bodies.

The method of a small parameter is used
for determining the hypersonic charac-
teristios of fiow of a perfeot zas past
plane and axisymmetrical pointed bodies,
The method does not lead to a singularity
at the szero-contour-pressure point.

Orib, A, A,, G, Baush, and L, M, Vyaz'=-
menskaya, Some speclial features of
hypersonic gas motion,

Flow past bodlies of revolution and

flat contours with arbitrary dependence
of internal energy on pressure and
.temperature is detenmined by & nrocedure
based on the methods of G. G, Chernyy
and G, A, Lyubimov. Some special
features connected with the solution
of the Mises equations in the form of
a series are discussed,
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224, Omufriyev, A, T, A model of nonequilibrium
processes in continuum mechanios,

An attempt is made to construct a model
of the transfer processes in some linear
problems with cne-dimensional transfer,
oonsidering the free-molecule flow. The
concept of the mean free path is r<viewed,

infinite plate is analyzed.

225, Romanenko, P, N,, and V, N, Kharchenko,
The effeot of gas injeotion into a turbu=~
lent doundary layer on skin frietion,

The doundary layer on a flat porous plate
is experimentally studied in respsct to

the e.fect on its dynamic charasteristics
of injecting freon, 08?, and air into 1it.
A flow of heated gas with increasing and

A detalled desoription of the experimental

An approximate procedure is suggested for
caloulating the dynamic boundary layer in

tudinal pressure gradient and transverse
mass transfer.

{Mosoow). Caloulation of the initial

A numerical solution of a linearized point=-
explosion problem with back pressure taken
into acocount is considered in the ocases
of plane, oylindrical, and spherical waves
in gases within a wide range of adiabatio
exponent, A method is ocutlined for the

. solution of linearized . blast-wave problems
which is very convenient for computer
caloculationa,

and the flow of a rarefled gas past a seni-

decreasing pressure gradients is considered.’

facilities and test procedure 1s presented,

the case of turbulent gas flow with a longi-

226. Korobeynikov, V., P, (Moscow), P, I, Chushkin,
stage of a point explosion in variocus gases.
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Muyshkin, V, V, (Mosoowx), I, V. Nemshinov ZnMe TP

Mosoow). Approximate determination of no. 4
¥an parameters behind a shoock~wave front 58-67
t:r the presoridbed law of shock propage-

on,

A method is outlined for approximate
determination of gas parameters dbehind

a shock-wave front from the given law of
shook-wave propagation, The method is
based on caloulation of dbasic derivatives
of gasdynamic parameters at the shooke

wave front in ange's coordinate system
and oconsists of the linear extrapolation

of grnlluro alorg the mass of gas in motion
with respeot to a lknown value of the pressure
derivative at the wave frcont, The other
parameters are oalculated from gasdynamio
equations,

Shidlovakiy, V. P, (Moscow). A prodblem ZhPNe TP
of gas point-nass escape and its solution . no, 4
by means of the kinetic theory, T4=77

An unsteady motion of a monatomioc gas,
corresponding to the escape of a point
mass into vacuum, was studied by means
of the kinetic theory of flows on the
basis of the solutipon of the Boltzmann
equation in the case of nonequilibrium
initial distribution. Collisions amo
the molecules themselves were neglected,
The more genersl case of escape in the
presence of a ssady potential power fileld
was also considered.

Adushkin, V, V. (Moscow). Formation of ZnPMe TP
a shock wave and dispersion of explosion no. 5
products into the air, 107-114

The law of motion of a shock-wave front

and the explosion products from detonation
of spherical charges of certain explosives
in the air were investigated experimentally.
The dependence of the shock-front basic
parameters on the shock-front velocity is
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established near the source point and at
distances at which the Sadovskiy formulas
are satlafied. The dependence of shock-
layer thickness on distance is derived in
the reglon of detonation=product action,

A set of photographs of data obtained by a
plezoelectric sensor is given. The pressure
and density distribution in the region
between the shook front and contact surface
is obtained on the basis of experimental
data by a method similar to the thin-layer
method used by Chernyy.

23u. Zaydel', R, M, (Moscow), and Ya, B, Zel'- ZnPNe TP

dovich (loscow), One-dimensional instability no., 6
and attenuation of a detonation, 59=65

Instabilities associated with perturbations
causing distortion of the shock front were
analyzed, In this detonation wave in=-
stability different temperatures are estab-
lished in individual sections of the shook
front and amplification of the parturbation
results in the occurrence of ignition steps
and collisions which in turn cause spinning
detonation. In tne present study, the
stabllity of a detonation wave is oconsidered
with reapeoct to the ohanges in the diat “oe
between the shock front and the chemiocai
rsaction zone,

Shugayev, P, V, Interaotion of a zurugtl
supersonic stream with an obstacle, ggi 208

An experimental investigation of the
motion of a shoock wave caused by the
interaction ¢f a supersonic stream
{M=1,5 to 1,65) in a shock tube with
8 cylinder. The 8hock wave velocity is
determined and the duration of the
transient motion is measured,
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232, Anisimov, S, I,, and Yu., V, Khodyko, Gas ZhTF
flow about the forward stagnation point V., 33, no, 11
of a blunt body with retarded excitation 1333-1337
of vibrations.

The gas flow near the stagnation point

ol a blunt body is studied in the velooity
range where there is no appreciable dis-
s8oclation behind a detached shock wave,

in the presence of retarded excitation of

vibrations,
1964
233.Telenin, G, F., and G, P, Tinyakov, A “DRAR SSSR
method for three-dimensional analysis v. 154, no. 5
of flows arocund bodies with detached 1057éufﬁ

shock wave,

A numerical method developed by the authors
for integrating gas-dynamics equations

to analyze supersonlc flows around bodies
with detached shock wave is extended to
the case of three-dimensional flows with

& detached shock wave, Some results of
the calculations for elllipsoids of
revolution are presented.

234,  Qeneralov, N, A., S. A, Loscu, and A, I. DAN SSSR
Osipov. v. 156, no. 5
1057-1060

The distribution of vibrational energy
of molecules of No and O, and tempera-
tures behind the ?ront o? a normal shock
wave are determined with and without
effects of vibrational quanta taken into
account, by using a simultaneous system
of equations of conservation of mass,
impulse, and energy, z1s0 of equations
of state and relaxation., The shock-
wave velocitles M = 5, 9,and 20 at an
énitéal pressure of 1 mn Hg are consi-
ered,
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235,

230,

237.

238,

Koshmarov, Ya, A, (Institdte of Mechanics,

Academy of Sciences USSR). On the rare-
faction eifect on gasdynamics surface
friction when gas is injected or suocked
through a wall,

The problem of steady flou of a rarefsied
Maxwellian gas between twe permeable
surfaces moving relatively to each other
at a low speed le discussed on the basis
ol molecuiar motion,

Gozdovakiy, 3. L. Yu., N, Ivanov, and

V. V. Tokarev. The mechanlics of low-
thrust space [light. I1IIX

This third pari contains a discussion
of the problems assoclated with limited-
power propulsion systems — their optimum
control, reliability in operation, and
welght, Propulsion systems related to
those of low thrust are also examinad,

Pudoveyev, A, P, The supersonic analogy

method for calculating one-~dimensional
unsteady gas flows,

The supersonic analogy method is extended
to determining the quantitative relatione
ships and calculating unsteady flows., A
self-similar unsteady flow 1s ccmpared

with the Prandtl-Meyer flow, The relations

odtained here can be used for determining
the gas f{low parameters foi arbitrary

boundary condiciona up to the formation of

a4 sheok wave.,

Romanenko, P. N., and V. N, Kharchenko.

The effect of gas injection into a
turbulent boundary layer with a longi-
tudinal pressure gradient on skin fric-
tion,
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The results of an experimental investi-
gation of basic dynamioc characteristics

of a turbulent boundary layer on a porous
plate in a longitudinal hot-air flow with
acoelerating and adverse pressure gradients
in the direction of flow are presented.

23y, Pavlove, L, M, (Moscow), and Yu, D, ZhPMeTF
Shmyglevskiy (Moscow). Boundary no, 1
layer in radiating gas, 109=113

Plane and axisymmetrical flows of
radiating gas in the boundary layer
over plane surfaces (for example, a
double~wedge airfoil, the plane front
portion of bodles of revolution, et
cetera) are discussed, The simplifi-
cations of the expressions for the
flux of radiant energy (essentially
facilitating the computations) are
studied, and a oriterional inequality
for determining the validity of such
simplifications is derived.

240. Korotkov, P. F, (Moscow). On Mach ZhPleTF
reflection of shock waves, no, 1
114116

The self-similar problem of determining
the confilguration of shock waves in Mach
reflection of a normal shock from a
plane rigid wall (wedge) is discussed,
The location of the Mach wave (relative
to the incident shock) and 1ts intensity
at the wall are determined, as well as
the reflet¢tion coefficient.

241, @ladkov, A, A, (Mosocow). The effect ZhPMeTF
of relaxation entropy layer. no, 1
116-117

Relaxation processes in a hypersonic
flow of a inviscid, heat- noncondusting
gas past a blunt-nosed body are examined,
assuning that relaxation processes occur
in the gas behind the nommal shock wave.
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Tre relaxation entropy layer parameters
(pressure gradient dcnsity, gas velooity)
are briefly discussed.

242, 2Zhilin, Yu, L, (Moscow). On the theory ZhPM:TF
ol an entropy layer, no,
118-120

The formation of an entropy layer acw
companied with a distortlion of the shock
in a hypersonic flow of an ideal gas
around slender pointed bodies is dise
cussed. The point of origin of the
entropy layer, the intensity of its
growth, and its thickness are examined,

243, Belotserkovskiy, S, M., V. S. Sukhorukikh, ZhPMe'CF
and V., S, Tatarenchik, Determining . no., 3
the density distribution in three=- 95«99

dimcnslonal gasdynamic flows by means
of optical methods,

A method 1s proposed for investigations
of three~dimensionel gas flows by means
of quantitative optical methods, Approxie
mating functdms which describe the
density field, inecluding the form of
a shock wave front, are selected on
baslis of empirical data cbtainad by
optical measurements, A system of
linear equations is derived from which
the density distribution around the
obstacle and the shock-wave form can

. be determined.

244, Soloukhin, R. I, On detonation in a gas ZhPMeTF
heated by a shock wave. no. 4
42-48

- Experimental shock-tube data on the
formation of detonation waves in
mixtures cf adiabatically heated
inert gases, are given, The process
of development of self_ignition in
a shock-tube is discussed. Analytical

-T2 =



and experimental valiues of detonation-
wave parameters are compared in graphs

and diagranms,

2u5, Zaytsev, S, G,, Ye¢, V., Lazareva, and ZhPMeTPF
A, P, Shatilov, Investigating tne no, U
normal shook-wave reflection in a 143-149

The apparatus and the method for
investigating the normal reflection

of a shook wave from a rigid wall are
described, The state ¢f gas behind the
8.100K wave is determined for various
Mach numbers (2 to 6) in carbon dioxide,
nitrogen, and argon, The density field
behind a refleocted shock wave 1s studled,
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A-2 AERODYNAMICS OF BODIES

) 193y
246, Donov, A, B, A flat wing with sharp . TZXN MeMa
. edget in & supersonic strean. no. 2
. ' - 603-626
Translation: Tech B,
Mo, 1394 (1986) T
1946
247, Gurevich, M., (Inatitute of Meohanios, 1in:
Academy of Sciences USSR, Moscow). v. 10, no, 4
The 1ift of a swept-back wing, 513=520
Translation: NACA Tech. Mem,
No. 1245 (1949)
. 1947
248, Krasil'shohikova, Ye, A, The effect DER 3SSR
of the wing-edges at supersonic v, 58, no, &
speeds. 5432546
Vibratiorn of a thin, deformable
finite-span wing moving at super=-
sonic speed is discussed, The method
described here for determining the
velocity potential at any point of
the wing and the normal-velocity
component due to vibration is ap-
plicable to wing edges of arbitrary
shape,
249, Krasil!shochikova, Ye, A. The effect DAN SSSR
of the wing edges of a vibrating v, 58, no. 5
wing moving at supersonic speedis, 761-762
A supplement to the author's preceding '
article [2y8), is presented, and the
solution is obtained in the form of an
absolutely converging series,
1953

250, Sedov, L. I., M, P, Mikhaylova, and G, G, VELUMMe As
Chernyy. The effect of gas viscosityand no. 3
heat aeonductivity on the flow behind a * 95=-100

- Th -



large curvature shosk wave,

Supersonic gas flow past a body of revolu-
tion with & ltrong shoock wave is discusased
with the effect of viscosity and heat oon-
duoctivity taken into ascount,

1954

251, Aslanov, S. K, Low-supersonic flow of an ~“PNRG

1deal gas past a thin wedge.

A simplified method of determining the
drag of a thin wedge in a supersonioc
flow with a detached shock wave is pre-
sented, The sonic similarity law is
used to derive formulas for the drag
coefficient «f a wedge 2nd of a double-
wedge airfoil in cases of a detached and
attached shooks.

252. Aslanov, S. K, Nagnitude of a looal
supersonic sone in & supersonic flow

of compressible gas past a w..ge,

The influence of the wedge apex angle
and of the flow velocity is shown,

253.. Yur'yev, I. N. On the linearised theory
of supersonic gas flows past dodies of
revolution. -

An agproxinnte final form solution w

the linearised equation for axisymmetrioc
supersonic gas flows is proposed. This
proposed method is suitable for caloula-
t paramsters of flows around anrular
bodles of revolution and around the outer
paxrts of such bodies,

-T5 -

v, 18, no. &%
561-572

1955
R ]

v, 19 no..3
359-362

v, 19, no, 3
363-387



254,

255.

256,

257.

258.

Kogan, M, N, Theory of flow past bodies

of relatively small aspeot ratio.

The ibility of adapting conformal
to the lglutio? g{ throo; ing
problems o ow past wings
studlsd in a more precise setiing
than the thin.wing theory.

-

anev, V. V. Laminar boundary layer of a

compressidble gas with large temperature
gradients on a plate.

The temperature range considered includes

the t‘emperature of air dissociation. A
method of successive approximations for
determining the flow parameters is given
for steady boundary conditions,

Aslanov, S, K. 'Drag of a curvilinear

profile in a sonio flow.

Sonic flows past & wedgelike body at
& Zero angle of attack are studied,

Various methods of solution are reviewed,

Belotserkovskiy, O, M, (Computing Center

Academy of Sciences USSR, Moscow). Flow
past a circular cylinder with detached
shock wave,

Translation: M, D. Friedman, NoB-131

Chernyy, G. G, (Moscow). Hypersonic flow

past an airfoll with a slightly blunted
leading edge,

Translation: M, D. Friedman, No, C-112
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259, Ohernyy, G. G. (Moscow). Hypersonic Flow DAN SSSR
around a slender dblunt cone, 3511%35 no. 4

Translation: M, D, Friedman, No, C-113

An approximate solution for hypersonic
flow past a slender blunted cone 1s
derived, and results are compared with
experimental data, Nass conceutration
in the perturbed region is assumed to
be located on the generated shock wave
and moving with it,

260, Krasil'shchikova, Ye., A. Unsteady motion DAN SSSR
of a finite-span wing in a compreasible v, 117, no. 5
fluid. T77=-7

Three~dimensional motion of & compressibdble
fluid due to unsteady motion ol a finite=-
span ving immersed in an unbounded fluiq,

at rest at infinity, is investigated. The
motion of the wing is assumed to be only ‘
slightly disturbed, The problem is linear-

lzed and the generall; accepted assumptions
of thin-wing theory are used,

20l. Chernyy, G. G. Flow of an ideal gas IgAN OTN
around a body at hypersonic speeds. no, 6

An analytical method 1s presented for T7-8

calculating steady hypersonic flows

around plane contours and axisymmetric

bodies, The methed is based on expanding

gas dynamics equations in a special series

in powers of a parameter € = (y - 1)(y + 1),

where Y is the ratio of heat capacities,

and 1s analogous, in principle, to the

method of solving the equations of motion

of a viscous fluid in boundary layer

theory I%onpansion in series of powera

of Np,=4/¢, where lNp, is the Reynolds number,

-17 -
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202, GQonor, A, L., and G, 0. Chernyy. Minimum- IzAN OTN
- drag bodies at high supersonic speeds. 3339;

Numerioal quadrature is used to solve
the variational prodlem of finding the
ninimun-arag dbody in an axisymmetrical

ow. Two limiting ocases are oonsidered:
1) the ¢ between the tangent to the
contour of the body and the direction of
the incident flow is small (the pressure
is very low), and 2) the pressure on the
surface of the dody is infinite; the
transition from a cone to the optimal
shape was found to decrease the Adrag by
about 30 per ocent,

203, KXadyrov, S. Motion of a finite-span wing IzAN OIN

at supersonic speed, no, 8
35-40

The motion of a wing of arbitrary shape
in a three-dimsnsional flow of an ideal
compressible fluld moving faster than

' the oritical speed is discussed, The

. Hach number 1s assumbed to be high

enough for formation of a shock wave at

. the leading edge of the wing and the gas

i flow bahind the shoock wave is supersonio

% everywhere.

: 264, Xopgon, G, I, Unstable motion of a wing PMNO

! in a supersonic flow, V. no. 1
Y3621k

The application .. the Laplace trans-

formation to the velocity potential

makes possible the analysis of a general

case of boundary conditions on the wing,

with an arbitrary dependence on time,

265, Kogan, M, N, Minimum-drag bodies 1n a PNMe
supersonioc gas flow, V. aéiano. 2

The problem of determining; the minlimum

- 78 -




drag of wings and bodies in a supersouls
gas flow is studied vnder the assumption
of the linear theory. It is shown that
there are surfaces for which the forces
acting on bodies inside these surfaces

oan be expressed by values of the velooity
potential on that surface,

cov, Ohushkin, P, I, The calculation of some PiMe
sonic gas flows, v. 21, no, 2
353-360

The application of . approximaie
method to the problem of symmetric
sonic gas flow around the nose of an
ellipse or an ellipsoid of revolution
is given, and its extenalon to the case
of an arbitrary profile is presented.

207, Nikol'skiy, A, A, Annular bodies of TsAeG1I, Sb
revolution with minimum external 56-63

wave drag in supersonic flow,

The problem of determining the shape
of an annular body of revolution with
minimum wave drag on the outer gurface
is solved in linear formulation, &and
explicit dArag formulas for minimum-
drag bodies are obtained.

2v8, Dorodnitsyn, A, A, Relationship bstween TsAeGiI, Sb
the curvatures of a shock wave and ths 6L=73
outer surface of an annular body of
revolution,

Supersonic flow past a barrel with a co=
axial cylindrical hole is analyzed,

and the ocurvature of the shosck wave 1is
determined in relation to the curvature
of the outer surface. The shock-
curvature value 1is necessary in determine-
ing the pressure distribution over the
outer surface of the body of revolution,

-19 -



269, Dorodnitsyn, A. A. Pressure-distribution  TsAeGiI, Sb
analysis for bod'es of revolution in a 116-126'
supersonio gas flow,

. A method for determining the pressure
distribution over bodies of revolution
based on ap te integration of
ejuations of axisymmetric-flow character-
istios is presented, .in practioal a
plications, this method is even simpler
than the method based on linesarisation
of equations of motion, and shows
satiasfactory acourasy in comparison with
nown exact solutions,

270, Aksenov, A, P, Laminar boundary on a cone VelLUlMMe As
in a supersonic flow.

no,

Skin friction and surface temperature 13~

are determined by using integral momene

tum and energy equations, with heat

radiation either neglected or taken

into account, The Prandtl nunber is

assumed to be a function of temperature

only, and the viscosity is assumed to

vary according to Sutherland's f rmula.

271. Aksenov, A, P. Turbulent boundary layer VeLUMMe As
in supersonic flow past a cone with heat MMA
radiation taken into account, no., 4

112-128

The surface temperature is determined
and a general formula for the skin
friction in an axisymmetriocal steady
agperaonio flow of gas past a cone is
given,

of a finite-span wing in a compressible no.
medium, 25-32

This article deals with disturbed motion

272. Xrasilt'shochikova, Ye, A, Unsteady motion I gnq

- 80 -
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273.

274, Chernyy, G. G. The effect of slight dblunt-

275.

of a compressible fluld caused by un-
steady motion of a thin wing of finlite
span noving acocording to & given law,
The boundary value problems are solved
by a previously published method for un-
steady plane~parallel motions of a fluid

(Izvestiya AN SSSR, OTN MM, no. 2, 1954).
Quadratures are employed here for solving

problems involving all types of unsteady
motion of & wing in which the speed of
motion of the wing is essentially super-
sonic, neglecting the end effect and the
effect of the vertex system behind the
wing,

Shidlovksiy, V. P, Approximate methed of

caloulating high-Mach number flow past
two~dimensinnal forebodies.

The two-dimensional problem of super-

sonic flow of an ‘idenal gas about 2 sharp-
nosed seniairfoil at zero angle of attack

is treated., It is assumed that the flow

is adiabatic and that the entropy changes

are due to the presence of a shock wave,

ness of a body on high hypersonic flow
around it,

An attempt is made to extend the theory
of high hypersonic flows aroung slender
pointed bodies to caszes in which the
nose or leading edge of the body is
slightly blunted. The study is limited
to flow around profiles and bodies of
revolution,

Gonor, A, L. (Moscow State University),

Hypersonic flow around a cone at an
angle of attack,

-8l -

nwsoml
no
156-162

IsAN OTN
no, '

Sy

IzsAN OTN
ne, 7
102-107



A study of hypersonic gas flow around

a oircular cone is considered, The
method of Q. G. Chernyy rfor solving
two=dimensional axisymmetrical flow is
applied, introducing a spheriocal oo~
ordinate system with transformation of
the system of equaticvns into serles 1in
a strean function exoression.

276, Zheludev, P. I. Supersonic flow past IzAN OTN
slender bodies of revolution with no, 9
fins and without fins, 74=82

Supersonic flows past slender bodies of
revolution with fins at an angle of

attaok are considered in accordance with
slender body theory and a second-approxima-
tion solution 1s constructed for super-
sonic flow past arbitrary bodles of revolu-
tion., The second approximation produced
results which were closer t0 experimental
values than the first approximation in
the case of cones with vertex angles less
than 15 degrees.

277. Monakhov, N, M, Determining the circula=- 12VUZ AvT
tion around a high-aspect wing in a no, 1
sideslip, 19-26

An integral equation for determining

the spanwise distribution ol the circula-
tion around a high-aspect wing in a side-
slip at any angle is derived on the basis
of the Biot-3Savart formula.

278, Ostoslavskiy, I. V., and T, A. Grumondz, IzVUZ AVT
- (Moscow Aviation Institute)., The con= no, 1
nection between the generation of lifte 27=36
ing force of a wing and the nature of
the flow in the boundary layer.

The determination of the relationship
between the generatlion of lifting forces
of a wing and the nature of the boundary
layer flow 1s given, Some experimental
results are presented.

- A2 -
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279. ESirazetdinov, T, K, (Xazan' Aviation 1zZVUZ AvT
Vibrations of a wing of high no, 1
aspeot ratio in a subsonic flow. 4352

The derivation of lategral aifferential
ecquations for a wing of high aspect ratio
oscillating in a subsonic flow is given,
The sclution is presented f{or small
frequencies of oscillation,

280, Kostychev, G, I, On shapes of bodies with IzVUZ AVI
minimum wave dran. 32i52

The shape of miiimum-wave-drag bodiea 1is
determined for given flow parameters

in cases of supersonic potential flow, a
flow with an oblique shock wave, and a

plane flow, In the latter case, the optimal
form is a wedge.

281. Keldysh, V. V., (Moscow)., The application PMMe
of slender-body theory to the caleculation v, 22, no, 1
of aerodynamic characiterdstics of small- 126-132

span wings with wingtip tanks,

The application of the theory of slender
bodies to the calculatlion of the aero-
dynamic characteristics of small-span
wings with wingt(p tanks is disoussed,

282. Belotserkovskiy, O, M, Flow past a PMMe
symmetrical airfoll with a detached V., 22, no. 2
shock wave, 206-219

Translation: J, Appl. Math, and

A critical survey of previous studies
and various approaches used 1n calcula-
ting flows past a symmetrical profile
with a detached shock wave 1s presented,

- 83 -
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283,

284,

285,

Shmyglevskiy, Yu, D.

A method 18 given for vomputing the

pressure distribution over the body, the

sonic line, and other parameters. An

analogous prooedure based on Dorodnitsyn's

method is used for analyzing the flow

around an axisymmetric body with a detached

shook wave,

drag airfoils,

The problem of finding an airfoil with
ninimum wave drag 1ln a supersonic gas
flow is considered, It is shown that
concave alrfoils of minimum drag
practically coincide with a wedge.

Bulukh, B. M. Nonlinear conical gas flow,

Quasi-linear differential equatlons
describing the gas motion are reduced
to canonical form to yileld a second
approximation for the nonlinearized
vortex-free steady conlcal flow of a
gas. The method 1s applied to a gas
flow around a cone,

Khaskind, M, D., and V. S. Khomenko.

Constrained supersonic flow past an
airfoil.

A nonlinear two-dimensional problem of

a steady, constrained supersonic flow of
an isentroplc gas past an airfoil with
& sharp leading edge is studied, The
boundaries of the flow are assumed to be
straight and parallel and the alrfoll is
pgsitioned asymnmetrically relative to
then,

- 84 -
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2oy, Bulygina, Ye, V. (Novosibirsk Electri- PMMe
cal Engineering Institute). Problem of v, 22, no, €
3 wing of given volume with minimum wave 826-828
rag.

The derivation of a solution for the
problem of an airfoil with minimum wave
drag, based on the linearized theory and
using the variationel method, is presented,

sof. Carafoli, E, and M. Ioneacu. (Institute StuCel‘hAp.
of Applied Mechaniecs Rumanlan Acadenmy v, 9, no, 2
of Sciences, Bucharest). A general 26 -284

theory of triangular wings with a given
pressure distribution is presented.

288, Carafoli, E, and B, Horovitz, (Institute ‘ StuCehhAp
of Applied Meohanics, Rumanian Acadanmy no, 4
of Sciences, Bucharest)., Mixed problems 9-63

of triangular wings provided with a normal
g%ate (eruciform wings) in a supersonic
1low,

Certain mixed problems in the case of
high-speed homogeneous flow around orucie
form wings were studied,

289. Carafolil, E, and A, Nastase. (Institute Smxbnum
of Applied Mechanlics, Rumanian Academy no.
of Sciences, Bucharest)., A study of 833-@5

thin triangular wings of forced syme
metry in a supersonic flow.

Thin triangular wings of forced synmetry
governing the variation of incidence ang,
consequently, the verticel veloclty over
the wing were studied, The derived
formula can be used to determine the aero-
dynamic characteristica for wings of
natural symmetry.
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290

291.

292,

293,

Kulonen, L. A, Interaction between a
shook wave and the boundary layer in
the vicinity of the leading edge of a
flat plate at high supersonic velocities
with radiation ¢t n into account.

An approximate solution is obtained for
uniform veloocity at zero angle of attaok
for the case when the heat transfer
between the plate and the surrounding
medium is determined by the Stefan-
Boltzmann Law,

Marenkova, A, F. A slender wing in a super-

sonic flow confined by a wall,

The linearized problem is solved by Ye, A,
Krasil'shohilkova's method and by the
speclial procedure of mirror reflection,

~Caloulations of flow past a flat infinite-

span wing and a rectagular wing confined
by & wall are given as examples.

Belotserkovokly, 0. M., Computer Center,
Academy of Sciences USSR). Flow past
a circular cylinder with a detached
shock wave,

Translation: AVCO Research and Develop-
ment Div Report RAD-9-TM-06, 1959.

Dorodnitsyn's general method for inte-
grating first-order partial differen-
tial equations of the mixed type is
appllied to calculating the flow of a
uniform supersonic or hypersonic stream
past a circular cylinder.

Lyubimov, G. A, (Moscow State University).
Stealy flow of an infinitely conducting
gas around a wedge.

A study of the problem of steady,
infinite, conducting gas flow around

- 86 -
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a wedge for an arbitrary distribution
of the magnetic field in relation to
the flow is reported,

294, Shmyglevskiy, Yu., D. DBodies of revolution DAN SSSR
offering minimum drag at supersonic v, 126, no., 5
speeds, | 958-960

" The problem of finding a contour which
offers minimum wave drag for a given
speed (supersonic) of the incident gas
flow is considered for cases in which
the shock wave is attached, It is shown
that the variational problem can be solved
if the oconditions on the shock wave are
utilized, which prmits rsformulation of
the variational problen,

295. Dolapchiyev, B., and B, Sendov, (Insti- DAN SSSR
tute of Mathematics, University of Sofia," v, 128, no, ?
Bulgaria). Symmetrical flow about a 53-56

circular cylinder with two trailing
vortices, Vortex trajectory and drag
of the cylinder,

An exact solution is obtained for the
hydrodynamic problem of symmetric flow
about & ocircular cylinder with two trail-
ing vortices, “nocluding determination of
the vortex tr sotory and drag of the

cylinder,
296. Gonor, A. L, High supersonic gas flows ISAN MeMa
around conical bodies, no, 1

34=40
A supersonic flow with an attached shook
wave past a conical body of a given sur=
faoe 1s examined. A method is developed
for solving the eQuations of motion in
the form of series in,powers of a small
parameter € = (y = 1)y + 1), wheie ¥
is the ratio of heatfcapacities, The
method is applied to analyses of flows
past a triangular wing and an elliptical
ocone,

- 87 -
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297. Origoryan, S. S, On the motion of a
slender body under the aotion of a
strong shoock wave,

The motion of a body struck by a strorg
shook wave ia discussed, neglecting the
disturbances caused by refleoction and
diffraction behind ths shock front,

293. Vorobtyev, N, F., Unsteady motion of a
finite-span wing in a supersonic flow
in the case of a sudden ohange in
velocity.

The motion of & thin wing at a small
angle of attack in an infinite volume of
gas is investigated in linear formulation
under conventional assumptions of the
thin-wing theory. A vertical wind gust
is mentioned as a particular case,

299, Grodzovskiy, G. L. Favorable wing-
fuselage interfererice at hypersonio
apeeds,

Configurations of a wedge-shaped fuselage
with a triangular or a swept wing, a
semiconical fuselage with a triangular
wing, and a power-law shaped fuselage
with a suitable wing are discussed.
Systems were considered at M»= as
slender bhodies, The results obtained
can be used for bodies of similar shape
at high supersonic speeds on the basils

of hypersonic simlilarity and stabilization

of aerodynamic coefficients,

N Slezkin, N, A, (Moscow)., On the theory
of gas flow between a shock-wave front
and the surface of a blunted body of
revolution.

Previous art:cles by the author (DAN
SSSR, v. 54. no. 2 and no. 7, 1946) on
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flow analysis between the shook wave

and body are extended here to a bdody of
revolution, Two ideas are utilized:

to divide the flow not only into longie
tudinal layers, but also into trans-arse
seotions and to distinguish the Reyuolds,
Oseen, and Prandtl layers, and use linear-
ized eQquations in passing from one seotion
to another,

Zheludev, P, I. On supersonic flow past

plane quasi-triangular wings of low
aspeot ratio.

An approximate method of investigating
the above problem by finding the volootty
potential (in the second approximation
close to the wing surface, An expreasion
for the pressure coefficient over the
surface is derived,

lunev, V, V. Motion in the atmosphere
of a slender blunted body at high
supersonic velocities,

The effect of & strong entropy increase
of the gas in a detached shock wave on
the pressure distribution over a slender,
blunted body is analyzed. It is shown
that at Mach numbers larger than 20, the
entropy inorease has a marked effeoct on
the pressure distribution, even far down-
stream from the dbody.

Gonor, A, L. The pattern of a bow wave

in an asymmetrical high-supersonic gas
flow around a pointed body.

The variation of the bow shock-wave
angles (on the windward and leeward
sides of a circular cone), depending
on the angle of attack, the apex angle
of the aone, and the Mach number of the

- 89 -
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onocoming flow is ocaloulated and experi-
mentally verified. The analytical and
empirioal data, as well as the technique
of the experiment are discussed,

304, Zheludev, P, I. (Moscow). Bupersocnic flovw past InAY Meda
vinged bodies of revolution. oo, S
118.121

A study of supersonic flow past slendsr pointed
bodies of revolution equipped with low aspect

ratio vings is reported. An iteration method is
used to determine the velocity potential in the
second epproximetion, using the solution of the
slender-body theory for the first approximation.

305, Myasnikov, V. P, Laminar boundary layer on Iz AN MeNa
& plate in a supersonic flow of a slightly no. 5
rarefied gas * 127-130

An investigation of the laminar boundary
layer on a flat plate in the region of slip
flow is presented, taking into account the
interaction between the external flow and
the bounxiary layer.

306, Bondarev, Ye, N., anc¢ M. Ya. Yudelovich, IZ2AN MeMa
On the possibility of an increase in the - ne. 5
base pressure behind a wedge in flight 186

at supersonic speeds,

The method of H, Kurst for the approxi-
mate calculation of the pressure at the
base of a wedge 1s discussed. As the
pressure at the base increases as the
square of the Mach number, it rises to
a level above that in the oncoming flow,
This "base drag" has little effect on
the total dirag of the wedge, but may
affect tre heat flow in the viocinity of
the base,
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307. Myasnikov, V, P, Laminar boundary layer ISAN MeMa
on a plate in a supersonic flow of a no, 5
rarefied gas, 127-130

The flow is investigated in its slip
region, where the interaction between
the outer layer and boundary levels is
taken into account, Calculations show
strong influence of rearefaction on
surface friction and heat flux., In the
case of heat insulation of the plate,
the rarefaction of air does not affect
the value of surface friction.

308, Bulygina, Ye, V. (Novosibirsk Electrical 1zVUZ, AVT
Engineering Institute). Minimum-drag no. 1
supersonic wings with a given degrec¢ of 3-9
stabllity.

The problem of determining the shepe of

a three~dimensional wing with minimm 4arag
(for given 1ift and stability) is reduced
to the problem of minimum drag for the
given moment at zero lift., Trianguiar

and tapered winge are discussed in

linear formulation,

109. Kiselev, O, M, (Kazan' State University). 1zVUZ, AvT
Construotion of a body of revolution on no, 2
the basis of a given velooity distribu- 2024
tion.

A study to determine the shape of a body
of revolution in an infinite axisymmetric
potential flow of incompressible fluid,

on the basis of a given velocity distridbu-
tion, 18 reported,

310, Strashinina, K, P, Flow of compressidle 1ZWZ, AVT
fluilds past bodies of revolution, ‘3‘3:33

(las parameters are determined on the

-~ 9] -




311.

312.

Sidorov, O, P,

surface of a body of revolution on the
basis of fundamental physical laws and
some physical oconsiderations, The
method may be used to determine pres-
sure on the surface of the body by
taking friction into acocount,

Caloculation of hypersonic flow past a
cone,

Steady axisymmetric flow around an ine
finite cone 18 studied. The velocity of
the flow is assumed to be hypersonic;
the solution 18 given in closed form,
using the approximate equation for the
velocity potentlal,

Bobrov, G. Ye. (Military Aviation Engine-

ering Academy, Leningrad), Theory of
annular wings in supersonic flow.

The 1lifting force and the aerodynamic -
moments are determined for the internal
surface of an annular wing in a super=
sonic gas flow 1n a linear formulation,
using the distribution of pressures
over the inner surface of the annular

wing.

313, Mugalev, V. P, (Moscow Physicotechnical

Institute). An experimental :investiga-
tion of a subsonle turbulent Loundary
layer over a plate with injection.

An experimental lnvestigation of the
subsonlec turbulent boundary layer over
a porous piate with gas injection is
reported. The boundary layer flow was
found to be analogous to flow over an
impermeable surface in the case of a
positive pressure gradient; a parameter
determining the effect of injection

on the boundary layer 1is discussed,

- 92 -
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314, Vilt'nit, L, N, (Novosibirek Electrical © Iz2VUZ, AVT

Engineering Institute). The shape of a no. 3
tapered wing which ylelds minimum wave 135=142

drag for a given volume,

Procedures for determining the shape of

a wing of trapezoidal plan form which will
produce minirum wave drag for a given
volume are studied.

315. Aleksakhin, B, N. Coefficients of 1ift and IzZVUZ, AVT
pitch moment for a combination of two no, 4
slender bodies of revolution, 3-13

Aerodynanic coefflicients of this combina-
tion of bodies are determnined by the

W. R. Sears' theory cf slender bodles and
by the method of conformal mapping.
Applications of the method to caleulating
& comrbination of cone-nosed bodies are

glven,

316. Korobeynikov, N, P, Refinement of the 1zVUZ, AVT
slender-body theory for supersonic flow no, 4
past bodies of revolution at an angle of 26-31
attack., '

An attempt i1s made to make G, N, Ward's
slender body theory more exact by taking
into account the effect of the Mach
number., Relatively simple formulas are
derived for calculating the Mach-number-
dependent aerodynamic characteristios of
slender bodies in a supersonic flow at
an angle of attack,

517. Pomina, M, I, Characteristics of a geo- IzVUZ. AVT
, metrically twiated rectangular wing at no, &
s.personic apeeds, 139=150

Coefticients of 1lift, drag, and moment
of the wing in relation to its aspcst
ratio and geometric twist parameters
are determined, ’
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318, Kvashnina, S. S, and G, G, Chernyy. (Moscow), PMMe
Steady flow of detogating gas around a

v, 23 0.
cone. 182-186 "

Discussion of a symmetriczl ateady flow
of a detonating gas arovnd a cone,
based on the work of J. Ruthkowski and
J. A, Nicholls, is presented.

1

31y, Maykapar, G, I. (Moscow), Wave drag of PMMe .
a nonaxisymmetric bodies in a super- V. 23, no,
sonic flow, 376-378

“‘

Translation: J. App., MM, v. 23, no, 2,
1959, 528-531,

Exact solutions are presented for cone
shaped hodles of polygonal cross section
and the effect of geometric parameters
on the wave drag of such bodies in super-
sonic flow is determined.

320, Biryukov, Ye. A, (Moscow)., Downwash PMMe
benind a swept back wing of finite v, 23, no, 3
span during nonsteady motion. 583-5&4

Formulas leading to a method for cale-
culating the downwash in an ideal in-
compressible fluid behind a wing having
a high aspect ratlo and a small angle of
sweepback are derlved. The study covers
the case when the circulation varylng
wi;g span also varies harmonically with
t .

321, Lunev, V. V. Flow of a viscous heat- PMMe
conducting gas past a cone at high v. 23, no, 6
supersonic velocities, 1006-1018

Flow past a c¢ircular cone at a zero
angle of attack 1s analyzed. The
flow conditions are studied at a
sufficient distance from the nose
o the cone 8o that the method of
smail perturvations mey be applied.
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322, Kovaleva, V., A, (Dnepropetrovsk). Un- PMMe
steady motion of a rectangular plane v. 23, no, 6
wing, 1030-1041

' The results from an investigation of the
unsteady motion of a thin rigid wing of
finite span and rectangular planform
in supersonic flow, arbitrarily varying
with time, including gust- or shoock-
wave-dependent unsteady motlorn,are

presentec,

323.- Fedyayevskiy, K, K., and A, S, Ginevskiy. ZnTF
(Moscow)., An unsieaay turbulent v. 29, no. 7
boundary layer on an airfoil and on a 916-923

body of revolution,

The development of an approximate single-
parameter method for determining the

parameters of a turbulent boundary layer
and the position of the separation point
during acceleration of forward motion is

dlscussed.
. 1%20
324, Ladyzhenskiy, M. D, On high supersonic SSSR
gas flows, v. 134, no, 2
296-299
General equations of a steady high super-
sonic flow of a perfect gas are simplified
(vy giving various values to a certain
velocity-vector parameter) for the flow
past a slender bocy, and in soiving the
Cauchy problem for which the dcimain of
deflinition of the solution is discussed.
325, Carafoli, E, (Institute of Applied InSb
‘Mechanics, Rumanlan Academy of V.
Sciences, Bucharest), Theory of 17=2

simple and cruciform triangular wings
in a supersonic stream, Part I,

-95 -



Triangular wing systens are investii-
gated = 1solated wing and combinations
of horizontal and vertical surfaces
(sueh as the tail unit)., The direct
problem (determining the flight para-
meters of a given system) and the
inverse problem (tailoring the shape

of a system to given flight parameters)
are discussed in parts I and II, respec-

tively.

326, Krasil'shchikova, Ye, A, (Institute InSb
of lMechanics, Academy of Sclences v, 27
USSR). Wings of finite span with a 29-37

syrmetrical profile in subsonic and
supersonic {lows,

Some boundary value problems of a thin
wing of finite span with a symmetrical
profile in supersonic flow at an angle
of attack are solved by the method pro-
posed by the author,

327, Yurtyev, I, M, (lMoscow). The calculation InSb
of bedles of revolution in a supersonic v, 27
fliow. 38=44

Problems which are solved by means of
linear second-order ordinary differential
equations are discussed, These calcula-
tions are in agreement with calculations
based on the theorems of Dorodnitsyn

and Nikol'skiy.

3284, Carafoli, E. (Head of Institute of Applied InSb
Mechanics, Rumanian . Academy of Sciences, v. 28
Bucharests. 3=-25

Part 2 of the article presents a theory

of conical flow of a higher order, giving
further development to include cruciform
wings, It also deals with the problem of
determining w'ng form as a function of a
glven distribution of pressure coefficients.
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329, Iordansikiy, S. V., and Yu, D. Shmyglevskiy,
(Computing Center, Academy of Sciences
USSR, Moscow). Subliietion of an axi-
symmetrical blunt body near the stagna-
tion point of an oncoming flow,

Laminar boundary-layer equations for a
subliming body are derived. A method
for calcul:ting the flow parameters and
the sublimatlion rate is presented,

330. Yermolenko, S, D,, and N, F, Vorob'yev
(Novosibirsk)., A comparison of finite
span wing characteristics obtained
experimentally with those calculated
by using the linear theory of super-
sonic speeds.

A study concerned with comparison of
experimental results and those calcue
lated on the basis of the linear theory
of finite span wings 1s presented,

331, Bam-Zelikovich, G, M,, A, I, Bunimovich,
and M, P, Mikhaylova., (Moscow State
University). DMotion of slender bodies
at hypersonic speeds.

The results obtained by Tslen Hsueh-shen
for the case of three-dimensional flow
in the presence of shock waves and
vortlices are generalized. A comparison
of the results obtained with available
exact solutions determined the limits of
applicabllity of this method.

32. tunev, V. V., I, N, Murzinov (Moscow),
and O, N, Ostapovich, Hypersonic flow
around blunted cones at small angles of
attack,
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333

33“.

335,

The effeoct of bluntness on the pressurs
distribution over the generatrix of thin,
blunted ocones at large Mach numbers is
diaocussed,

Korobeynikov, N, P. Supersonic flow at
an angle of attack past triangular
wings and elliptical cones with a sube
sonlc leading edge,

A conformal mapping analysis is made of
the flow past pointed, low-aspect-ratio
lifting wings with a curved leading edge
and past elliptical cones., The procedure
is based on the solution of an arbitrary-
generatrix body of revolution, obtained
by employing the refined slender-body
theory.

Bu '*iina, Ye, V. Self-balancing of super=
.vnic wings having a variable-sweep
leading edge.

Self-balancing achieved by imparting a
oylindrical curvature and geometrical
twist to the median surface of the wing
is analyzed.,

Bobrov, G, Ye, On the feasibllity of using
aerodynamic interference to reduce the
. wave drag of annular wings in a super-
sonic flow,

The feasibility of using aerodynamic
interference to reduce the wave drag
of annular wings in a supersonic

flow at zero angle attack is studied,
The obtalned solution, which is true
for any values of the ring parameters
and any values of the flow that satisfy
the linear theory of supersonic flows,
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336.

337.

338,

represents a generalization of the results

obtained by Utkin for the special case
in which the trailing edge of an annular
wing is not completely within the plane

of the small-perturbation cone having its

apex upon the leading edge.

Sychev, V. V., (Moscow)., Two-dimension=

al hypersonic gas flows past slender
bodles at large angles of attack,

Two=dimensional hypersonic flow about
slender bodies is investigated, Ap-
proximate formulas are derived for ocal-
culating the aerodynamic characteristiocs
of bodles at large angles of attack.
Results can be applied to the case of
wings of low aspect ratio and small
relative thickness in hypersonic flow.

Belotserkovskiy, O. M, (Computing Center,

Academy of Sciences USSR, lMoscow).
Machine computation of flow around axi.
symmetric bodles with a detached shock
wave,

The development of a method for computer
calculation of flow around axisymmetrio
bodies with a detached shock wave 1is
presented. Results are given for ocertain
simple bodies such as ellipsoids, spheres,
and disks at varilous adiabatic exponents
and Mach numbers (1 < M ~ € =),

Prituio, M, F, (Moscow). Streamline wings

flying in presence of slip.

A method of determining the additional
load on wings due to the presence of
slip 18 presented. The technique is
based on analysis of the linear equation
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339.

340,

341,

of the velocity potentviai., The case

s oonsidered in which, for M > 1, the
small-parameter method leads in the
second approaximation to a solution with
infinitely large [irst derivatives,
Saveral probtlems invelving streamline
slip fiow are scived &8s examples,

Shnyglevskiy, Yu, D, On a class of bodies
of revolution with minimum wave drag.

The shape of a generatrix of a body of
revolution with a minimai wave drag 1is
determined for a given velocity of the
oncoming flow. The case of ai attached
shock wave is considered., Sample calcoula-
tions for various M- are presented.

Gonor, A. L, (Moscow). Determining the
shape of minimum~-drag bodies for hyper-
sonic speeds,

A variational method for determining the
shape of minimum-drag bodies in high
supersonic plane and axisymmetric flows
with a supplementary condition that the
pressure at any point of the hody contour
must be non-negative.

Carafoll, E. and A, Nastase, C(alculation
of the surface of a supersonic wing
furnished with a ridb separating regions
of different pressure distribution.

The surface of a thin supersonic wing

of triangular planfora eqQuipped with

a rib which separates the two regions

of different pressure distributions is
determined, The cases of an arbitrarily
and of a centrally located rib are
considered.
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j42, Carafoli, E,, and D, Mateescu, (Institute StuCeMeAp
of Applied Mechanics, Rumanian Academy v. 11, no. 1
of Soiences, Bucharest)., A general 11-48
method of determining wing-fuselage
interferance in supersonic flight,.

343, Murgulescu, E., (Institute of Applied StuCeMeAp
Mechanics, Bucharest), On the theory v. 11, no. 1
of oconical flows in the case of a thin 61-94

wing of giveun oross section.,

A unique method 1s developed for study-
ing conical flows in the case of thin
conical wings with given cross section,
A brief survey of research done on the
theory of conlaal flows is given. The
boundary problems can be reduced to
those of Dirichlet or Volterra, The
case of conical wings with subsonic
traliling edges is considered, taking
account of the separation of a turbu=-
lent layer at the trailing edges,

344, Cararfoli, E,, and D. Mateesou (Institute StuCeMeAp
of Applied Mechanics, Rumanian Academy v, 11, no, 2
of Sciences, Bucharest)., Supersonic 325-337

flow around a cruciform wing-conical
fuselage system,

A study was made of the flow around a
wing-conical fuselage system equipped
with a normal plate for the case of sub-
sonic leading edges of the wing and plate,
where the incidence of the fuselage
differs from that of the wing and the
normal plate, The study is based on the
small perturbations hypothesis and it is
considered that the dimensions of the
fuselage are sufficiently small relative
to the Mach cone and that the angle of
incidence of the wing, the normal plate,
a:glgho fuselage are also sufficiently

8 o
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345. QGarafoli, E,, and A, Nastase. A thin tri- StuCeMeAp
angular wing with minimum drag in super- v. 11, no, &4
sonio flow, 817-833

The planform of a minimum=-dreg, thin,
asymmetric triangular wing equipped

with a ridge separating the distribution
¥, whioh oan be considered as the hinge
of the leading edge slot is determined.
Suction foroes are included inthe ocaloula=
tion of drag. The study is made within
the limits of higher-order conical flows
and uses a variational method of calocula-

tion,
346. Lunev, V. V. Hypersonic flow of a radiating ZhPMeTF
gas past a wedge. no. 2
Lo-46
Hypersonic flow past an infinite wedge '
is investigated under assumptions that
the influence of radiation is amall,
and that it has no influence on the gas
motion in front of the shosk wave,
347, Yeletskiy, A. V. Flow of a gas with parte ZhPMeTF
ial internal energy lag past a wedge, no, 2
54-63

Works in this field are reviewed, and
fundamental relationships are established
for supersonic flows below 2000°K.

3"8. Grigor'yan, S, S. (Moscow State Universi
.« Do t ZhP)
:nge¥}ezgnéagrzgingg. Hypgraonic flow og)' no.Mz'rF
ound an axis etri -
body at small angle of attac%?m oel 13-28

Chernyy's analytical method is a di

to calculations of flows at amal?pasggc

of attack. The method permits the lineari-
gation of the problem and its solution,

- 102 -



349, Karpenko, P, D, Determination of tle
pressure distribution over an airfeoil
in an inocompressible fluld flow.

A method of determining the parameters
of flow of an inoompreasible fluild past
a given airfoil with a salient point

at the tralling edge by means of sug=
cesaive oonformal mapping is discussec,

3,9, JXonov, V, P, Gas parameters at the surface
" of a oone,

Approximate methods are presented for
determining the parameters of a high-
velocity gas flow at the surface of a
cone. Thc flow is assumed to be axisym-
metric, isentropic, and in thermodynamlic
equilibrium, At high velocitlies the
oblique 8hook wave 18 very near the sur-
face of the cone, thus there is only

a smail change of air-flow parameters
between the cone and the shock wave,

3,1 Petrov, Yu, N, Supersonic flow about a
. plate in the presence of & boundary
gas flim,

Results are given of an experimental
study of phenomena connected with
longitudinal supersonic flow about a
heat-insulated plate on whoseé surface a
£ilm of various oooling gases (air,
nitrogen, hydrogen, and argon) was formed
by tangential injection through a thin
slit. Temperaturez were measured by
ghgggooouplol, with errors not exoceeding

352, Nikoltskiy, A. A, Forces acting on a
slender body in the vicinity of a blunted
surface in supersonic flow under con-
ditions of grs radiation.
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Hypersonic heating of a blunted slender
body (plate or bar) is analyzed. The
flow is divided into three regions:

1) stagnation H, where high temperatures
are generated; 2) immediate vieinity

of the body K, where all the stream-
lines have passed through H; and 3) turbu-
lent region L, between XK and the shock

wave,

353.. Bulakh, B, M. On the position of the bow InZh
shock wave in a supersonic gas flow past v. 1, no, 3
& arbitrarily shaped slender body. 158«160

By an asymptotic formula based on the
author's previous work the position (and
strength) of a forward shock wave formed
- in a supersonic gas flow past a slender
bocy of arbitrary shape i1s determined.

354, Krasil'nikov, ¥u, I, Aerodynanic character- InZh
istice of wings in superso:.iic flow in the v. 1, no, 4
presence of slip, 18-28

A study 1s made of plane, symmetrical
wings at a small angle of attack and a
given angle relative to the direction
of the supersonic flow. It is assumed
that the disturbance caused by the wing
is small and that the flow satisfies all
requirements of the linearized theory.

355. Kogan, M, N, Symmetry of load on minimume inZh
drag wings, véal, no. 4
1l

A simplified calculation of a minimum-
drag supersonic wing is presented. The
load distribution on the entire wing is
derived from the pattern of load distribue
tion on the frontal area of the wing,
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356.

357.

Ladyzhenskiy, M, D, Hypersonic flow past

slender, blunted bodles.

The bodies are of an arbitrary cross
seciion, and it is assumed that the
whole mass of gas 1s concentrated in
an infinitely thin layer behind the
shock wave, The problem of th2 flow
past the body is reduced to the equiva-
lent problem of the unsteady motion of
a gas dlaplaced by a piston,

Fursov, M, K, Calculation of rotary deriva-

tive coefficlents for wings at supersonic
speeds,

The linear problem of vibration of & thin,
flat wing in a supersonic potentlial flow
is conslidered, The basic motion of the
wing 1s rectllinear translational.
Harmonio vibrations of infinitely small
amplitude are superposed on this basic
motion,

358, Telenin, G, F., and G. P. Tinyakov,

359.

Unsteady supersonic flcw around a
blunt conical body,.

A comprehensive theoretical analysis is
presented of unsteady supersonic flow of
gas around a body compoced of spherical
and conical surfaces and subjected to
plane angular osclllations about its
center., On the assumption that the
conjugation points of the spherical and
conical surfaces are located in the super-
sonic reglon at all times, the flow
around each surface is considered as a
separate case, that 1s, & flow around &
sphere and a flow around a cone,

Galkin, V, S. Investigation of a hypersonic

flow of weakly rarefied, viscous gas past
a flat plate.

- 105 -

IzAN leMa
no, 1
150-151

IzAN MeMa
no, 2
89-96

IzAN MeMa
no, 2
97=-105

IzAN MeMa
no, 3
18-21



The drag coefficient is established for

8 flat, semli-infinite, heat-insulated

plate in a hypersonioc flow, It is as-
sumed that the reglon between the actached
strong shook wave and the plate is

formed by a nonviscous zone and a laminar
boundary layer. The strong interaction

of the shoek wave artd the layer is analyzed,
The slip velooity is taken into account,

360, Minyatov, A, V, Calculating the base IzZAN MeMa
pressure in a supersonic flow past no, 3
a body of revnlution, 32-39

The theory of base pressure in the
supersonic flow past flat plates 1is
generalized to cover fiow past bodles
of reveclution, Methods are given for
the calculation of pressures in the
cases of turbuient and laminar flows,
Experimental and theoretical data are

compared,
361, Shveyko, Yu., Yu. Influence of a supersonic IzAN Meila
gas flow on the lower critical force of a no. 4
ocylindrical panel. 14-19

The velocity effect of a supersonic flow
of' a compressible gas along the directrices
¢f a shallow rectangular cyiindrical

panel under compression on its lower bucke
11.; ferce is investigated. The upper
critical force 18 also deteriiined and

the relationship between the stream
veloclity aind the buckling stress, as well
as stabllity criterla for the panel are
established.

362. Zheludev, P. I. Thin-wing theory, IzAN MeMa

no,
172-176
Supersonic flow past slender, sharpe T2-17
nosed bodies of revolution is analyzed
from the point of view of the thine
wing theory.
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363,

364,

Korobeynikov, N, P, The calculation of
the aerodynamic characteristics of thin,
curved bodles and cambered wings.

Initlial relationships for I{low around
slender cambered bodles obtained from
previously published data (Korobeynikov,
N, P, Supersonic flow around slender
bodies with a curved axis, GKAT, Col-
lected Articles, no, 15, 1959) are used
to derive formulas for calculating the
aerodynamie characteristics of cambered,
low-aspect wings. The effect of aero-
dynamic twist (wash) on these character-
istics 1s shown by practical examples.

Loytsyanskiy, L. G., and Yu, V. Lapin.

(Leningrad Polytechnical Institute),
The application of Karman's method for
nalculation of turbulent boundary layer
paran2ters in a gas flow past a plate.

By using Karman's equation for turbulent
flow and applying a simple asymptotic
expansion, Karmari's theory of an incomprese
sible-~-fluid flow puast a plate is extended
to the case of a coumpressible-gas flow at
large Mach numbers, .The gas is assumed

to be perfect and the flow is analyzed for
twe c¢cases: with heat removal and without
it.

365. Minostzev, V., B, Supersoaic flow past

axially symmetrical bodies flying at
at angle of attack.

The supersonic flow of an ideal gas

past axially symmetrical bodies flying
at an angle of attack has been investi-
gated in the case when M >> 1 and the
isentropic exponent is constant, The
theory is 1illustrated by the calculation
of the gas flow past a cone and past a
truncated cone with a groove.
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306. Bulakh, B, M, Some problems in conical
flow theory,

Boundary problems in the theory of
coniocal vortex flows are discussed,
and the pattern of flow past a tri-
angular wedge is established ac~
curately. pecirfic points formed in
coalescing nonvortex and vortex flows
behind attenuating shock waves are
defined.

367. Bulakh, B, M, Some properties of conical
supersonic gas flows, )

The influence of a shock wave on a
conlcal flow 18 investigated. The
shock wave is produced in a uniform
nonperturbed supersonic flow by a
conical body located inside the Mach
cone,

308, Lunev, V, V. A similitude law for thin
blunt bodies in a hypersonic gas flow,

A theoretical investigation of the simi-
larity of hypersonic flow zbout %4hin
flat plates and axisymmetric bodies with
blunt leading edges o noses is extended
to obtain the generalized similiiude law
for viscous and inviscid heat-conducting
gas flows, Observations regarding simi-
litude criteria for a perfect gas low
are included,

3oy, Barantsev, R, G.,, and Wu, Tsjen~-yu. Forces
and moments acting oh bodies of revolution
in a free molecular flow,

Aerodynamic coefficients of convex

bodles of revolution are calculated
for an equilibrium free-molecular flow
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370.

371.

372.

Popova, I. A,

Popova, I. A.

with diffusion retlec:ion: of molecules

from the surface of the body., Numerical

calculations for a coine with a half-
apex angle of 20° are included,

Baush, G. Supersonic flow of an ideal

ges past plane, axisymmetrical, thin
bodies,

An approximate solutiou is obtained for
the region between the shock wave and a
body with a sharp leading edge., It is
assumed that the shock wave 1s of small
intensity. The method is an extension
of G, G, Chernyy's method to the region
of low hypersonic velocities,

An approximate analytical solution of
non=-vortical equatl ons for variable sure
face wing in supersconic flow,

An approximate analytical solution of
equacions of a steady {low is obtained
by the method of successive approxima-
tions, and the pressure and deinsity on

a wing surface 1n uthe absence of vorticity

are determined.

The effect of vorticity 1. supersonic
flow around variable surface airfoils.

Corrections to hydrodynamic parameters
are given, with vorticity effects taken
into account., The solution 18 a genera=-
lization of Donov'!s results for the
profiles of some finite span wings.
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373, Borisov, B, I. (Moscow State University). VeMoU MMe
Minimum drag of an annular wing, no, 1

A method for determining the minimum=
drag profile for an annular wing in
supersonic flow is presented.

374, Shugayev, F. V. (iloscow State University). VeMoU MMe
Supersonic flow around axiiymmetric blunt no, 2
bodies with detached shock wave, L6-53

- The direct problem of the flow around
blunted bodies of various shapes is

discussed,
375. Belotserkovskiy, 0. M., (Computing Center, AN Vyeh Ts
Academy of Sciences USSR). Formulas and 1-55

tables of values for supersonic Ilow about
blunt bodies,

Formulas are given for determining f{low
fields about axisymmetric ellipsoids of
revolution, inecluding the sphere, in a
supersonic flow of an ideal gas. A, A,
Dorodnitsynt's method of integral relatione
ships makes possible the direct solution
of the problem of constructing the flow
around a given body.

370, Tirskiy, G. A, A sweptback wing in hyper- ZhPMeTF
sonic flow. no., 6
54-68

The problem of fallule of the leading
edge is discussed as an essentilally
tharee-dlmensional one with a secondary
flow in the boundary layer. The dis-
placement of the ablated surface on the
leading edge 1s taken into account, Two
cases are analyzed in detail: when the
material of the cylinder has a deflnite
melting temperature and an arblirary finite
number of transient temperatures at which
heat absorption occurs (metals and crys-
talline modifications ol some ceramigcs
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follow this disintegration pattern); and
when the material does rnot have a deflinite
melting point and the:re is exponential
temperature dependence of the viscosity
of the molten meterial (yarious (lasses
disintegrate in this uay). A system of
equations for the disintegration process
and an approximate formula for the ablaw
tion rate of vitreous materials (case 2)

arc given.
377, Mishin, G, I., and V, A, Ovsyannikov, ZhTF
(Leningrad Physicotechnical Institute), v. 31
he influence of gas=-dynamic relaxation 1467-1471

of COp on the drag coefficient of a
sphere at supersonic velocltles,

The results from measurements of the
drag coefficient for a sphere for long
and short relaxation times oi deforma-
tion osclllations of a COp molecule are
presented, The influence of relaxation
on the drag coesfficient of a sphere is

evaluated.
1962
378, Belotserkovskly, O, M., and P. I. Chushkin, ATTH MaSt
‘ Supersonic flow past blunt bodies, Xé 14, no. 314
. d=
A numerical method is given for obtaining
a solution of the exactly formulated problem
of the supersonic steady flow of a non-
vliscous perfect gas around a blunted sym=
metrical profile and a body of revolution
of arbitrary shape, both with zero angle
of attack, Sample csasloculations for
M=1 to 10 and = are presented.
379, 2Zhigulev, V. N, (Moscow). On the effect DAN SSSR
. of the relaxation boundary layer. v. 144, no, 6
1251-1254

The supersonic flow of a weak relaxation
gas around a wedse is investigated, It
is shown that the nonequilibrium effects
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are easential not only in the luyer ade
Jacent to the shock wave, but also in a
region called the “"relaxation boundary
layer" close to the surface of the wedge
and extending infinitely downs.ream and
having a thickness of several relaxation
lengths, An exact solution is given for
the oscillatory relaxation prodlem.

380, Kosterin, S, I., Yu, A, Koshmarov, and InFZnh
Yu, P, Pinat'yev, Hydrodynamics of a v. 5, no, 5
turbulent air flow in the gap between 15«20

rotating ocoaxial c¢ylinders,

The air flow in an annular channel between

a rotating inner cylinder and a stationary
outer cylinder was experimentally investi-
gated., The linvestigation covered the range
of, Reynolds numbers in the gap from 102 to
104 and of Taylor numbers from O to 5-10“.
The test setup and the measuring instrumenta-
tion are described in detail,

331, Krasil'nikov, Yu, I. (Moscow). Aero- InZnh
. dynamic¢ characteristics of a triangular V. 2, no. 1
wing with ailerons, flaps, and slots in 175-181

supersonic flow,

The problem of determining the 1ift,
moment, and their coefficients for a
thin trilangular wing with a deflected
aileron, open slots, and depressed
flapas 18 reduced to evaluating a
funstion of disturbed-~velocity poten-
tial, and determining the distribution
of the resultant pressure over the

wing.
382. Nikolayev, V, S, Viscous hypeirsonic {low InZh
about a slender cone. V. 2, no. 3

A viscous hypersonic flow ¢of an ideal
gas over a slender cone at zero angle
of attack is considered. The trans-
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383,

384,

385.
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verse curvature of the surface and the
interacstion of the boundary layer with
the shock wave are talen into acoount,
Integral relations of imoulses and
energy are ‘used in the boundary-layer
caloulations, assuming a constant sur-
face temperature.

Bogacheva, A. A., and M, D, Ladyzhenskly,

Hypersonic flow around slender, elliptilo,
blunted cones,

A hypersonic gas flow around slender, ele
liptiec, blunted cones 18 examined under
the assumption of infinite compression
of the gas in the shock wave. The cone
can be considered as a model of tri-
angular wing with a very low aspect
ratio.

Fridlender, B, I. Cruciform and T-shaped

finite-span wings in a compressible fluid,

The potential of disturbed veloolity of
a compressible gas 1s determined in a
steady supersonic flight of thin cruci-
form and T=shaped wings similar to a
tail unit of an airplane., Each plane
has a different plan view, The wing-
tip effects are discussed in detail for
both wings.

Dt'yakonov, Yu, N,, and V., G, Pirumov,

Supersonic gas flows with dissocla-
tion and ionization,

An approximate method for calculating
supersonic flow about a wedge and a

cone is presented, Two types of flow
are considered: A Prandtl-Meyer flow in
which complete thermodynamic equilibrium
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386,

387.

388.

of the gas is assumed and a frozen
I'randtl-Meyer flow, Some speculations
on the effeocts of thermodynamic and
chemical disequilibrium on this flow

are therefore poscible. Equations are
also presented for the flow about a oone
at sero angle of attaock, assuming perfect
thermodynamic equilidbrium of the gas
behind the ashoak wave,

Kolodochkin, V. P, (Moscow). Pointed
bodies of revolution in a supersoniec
flow at various angles of attack,

Properties of & sup&sonic axisym-
metrical air flow over bodies of
revolution with conizal noses et a
small angle of attack are discussed,
Equations for characteristics of the
resultant flow are obtalned by super-
osition of disturbances on the basic
undisturbed) flow at M_ = 1.5 to 6,

Karafoli, Ye. (Carafoli, E.). Pressure
distribution on airfoils in supersonic
and hypersonic flows.

Expressions are derived f'or positive
and negative pressure distributions
over an airfoil; the positive-—as the
result of compression behind the shock
wave (assuming that the velocity there
is supersonic), and the negative-of
the Prandtl-Meyer expanslion over the
whole range of reach numbers up to

M, -+ -, Formulas are also given for
the 1ift, drag, and moment coefficients,

Stulov, V. P. Flow over a convex angle
of an ideally dissociating gas with
nonequilibrium taken into account,

The problem 18 solved approximately
for an arbitrary angle 1in the vicinity
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ol its apex, Oonsideracion is also
given to variations in discontinuities
of normal derivatives of gas~dynamion
variables along tha characteristic
ourve separating the uniform Iincoming
flow fram the rarefied flow,

389. Lunev, V, V. (Moscow). Similitude

conditions for hypersonic turbulent
boundary layers on slander bocies,

Similitude conditions for hypersonic
flows around plane and axisymmetrical
siender bodies with a turbulent
boundary layer having a variable
entropy along its outer interface

are investigated.,

390. Mel:nikov, D. A. Supersonic flow

391,

around triangular flat plate.

A study is made of supersonic flow
over a compressible surface of a tri-
angular flat plate at an angle of
attack at which the superanic
component of the velocity veotor of
an undisturbed flow normal to the
leading edge meets the plate at

an angle smaller than the limiting
angle of the corresponding wedge,

Kholyavko. V, I, Flow about plates at

high supersonic velocities,

The similarity between high super-
sonic flow past bodies and phenomena
of an explosion wave is considered,
On this basis, approximate solutions
of supersonic flow past a dlunt body
may be obtained.
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392. Imnev, V., V., Shock layer method in IZAN MeMa
prodlems of hypersonic flow over no.
slender blunted bodies, 146=247

An analysis is presented of the
method proposed by H., Cheng, T.
Hlll, T. CO].liln, md A. He!'tz-
berg for approximate calculation

of a fiow over slender blunt dbodles.
An equation establishing the rela-
tionship between shock-layer thiok-
ness and pressure is given. Reasons
for the discrepancies are given, and
it is stated that the method used dy
G. 3. Chernyy is more acourate in
this case,

393. Aslanov, 3, K., Sonic notion of a zvuz, AvVT
diamond=shaped airfoll at zero no,
angle of attack. 3=-10

The sonic, steady-state, planar flow
of a compressible gas past a dlamond=-
shaped airfoil of a wing of infinite
span at zsro angle of attack is inves-
tigated, In the subanlc region, this
investigation is based on Chaplygints
exact equation of flow and can serve
as a standaard for evaluating the ao-
curacy of previous investigations
mede on the basis of the appraximate
equation of transonic flow.

394, Tumashev, G, G., and O, V. Troyepol'!- TZVUZ
skaya. (Kazan' State Uriversity). no, 1
Determining the shape of the Jet of 32-37
a wing with a Jet flap.

AVT

The shape of a jet formed by steady
poturitial tlow of an inoompreasible
fluid around a thin, slightly beat
wing equipped with a jJet fiap 1s
dstermined. A smal) angle of attack
and a small angle of inslination of
the jct sre assumed,
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395, Drakin, I, I. Determining the optimum

3j0.

geometric parameters of airoraft
structure,

An analytical method is presented for
determining the optimum shape and
dimensions of aliroraft structural
members. The initlial gross weight is
taken for the optimality criterion
under the assumptlon that no change
in useful load and performance is as-
soclated with the variation in geo-
metry., The optimum wing loading for
a given speed and height of flight,
and the optimum fineness ratic of the
front portion of a fuselage are
determined as examples,

Bulygina, Ye, V, Optimally cambered

and twisted wing in supersonic flow,

The balance of wings is achileved
within a wide range of lifting
forces without increasing the drag
through suitable twist and camber.

397, Monakhov, N. M, Applying the Riemann

398.

method to solution of problems in
flows past slender bodles.

The potentials of disturbances of
longitudinal and transverse flows
are obtained at the generatrices
of slender bodles of revolution at
a small angle of attaok.,

lunev, V, V, Hypersonic flow past

slender, blunted power-law shaped
bodies,
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Th¢ hypersyaic-similarity laws for
flows past thin, blunted cones and
wecges have been established by

G, G, Chermnyy. It is shown that
analogous laws oan be applied to
thin and exisymmetric bodies whose
shape 1s uesoribed by a power
function.

399. Bulakh, B, M. Supersonic flow around PMNe
an inolined ocirocular cone. v. 26, no. 2
00=
An analysis of supersonic riow about 300-307
a ocone at an angle of attack which
reconciles the findings of Stone,
Ferri, and Willet is presented,

yoo, Galkin, v, S, Lift in a free molecule " PMMe
flow, ;6726' no. 3

A culoculation is presented demonstra-
ting that the 1lift of some bodies of
finite length in a free molecule
stream can be negative at any angle
of attack between zero and 90° and
for value of the oriterion

Qw V/zc (where V is body velocity

and ¢ the most probadle therm
veloocity of incident molecules) even
when the forces act on the body bases,
The problem is caloculated for flow
past a symmetrical finite-length
wedge where the ratio of the tempera-
ture of reflected molecules to the
stCatic temperature of the incident
flow is in the range 0.1 to 1,

401. Bulakh, B, M. On asymmetric hyper- : PMNe
sonic flow around a ciroular cone. v. 23%6“°‘ 5

A steady invisoid homogeneous hyper-
sonic zas flow at angle of attack
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past a circular cone is discussed,

The velocity compo:..ents on the cone
surface are obtalned by a modification
of the A, L. Gonor solution presented
in IzZOTN, 1959, no, T.

402. Shebalov, A, N, Wave drag of plane

403,

body in unsteady motion under a
free surface,

The problem of unsteady motion of a
plane body of arbitrary shape under
the free surface of a heavy, income
pressible fluid is investigated, and
& method for obtaining expressions
for complex velocitlies and acting
forces is presented, A Laplace
equatlion is used to determine velocity
potential, Special cases of the
peculiarities of unsteady motion,
such as plane vorticity and its
sources, are examined and ar.alyzed,
An expression for the wave resistance
of a body of arbitrary shape is estab=
lished by using the formulas obtained
by L, N, Sretenskly, A wave-resis-
tance formula for a c¢cylinder of a
certain radius in unsteady motion and
submerged to a certain depth under
the free surface is derived. This
formula is found to be analogous to
that of Sretenskly.

Carafoli, E,, and A. Ghia-Nastase.

(Institute of Applied Mechanics,
Buchareat)., Minimum drag problem
for a wing of symmetrical thick-
ness,

The problem of finding the surface
configuration of a minimm-drag wing
of asymmetrical-triangle planform .
symrstrical thickness, and a given
volume is treated., The results odb-
tained oan be applied to determining
the minimum drag c¢f rectangular and
trapezoidal wings,
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404, Carafoli, B., and D, Mateescu. . StuCeMeAp-
Institute of Applied Mechanics, v. 13, nho, 2
charest). Wing-fuselage inter- 275=294
fexrence in high-order conical flows,

The interference between wing and
conical fuselage in a supersonic

flow is analyzed in the ocase when

the distridbution of the angles of
attack (or of incidence) is given

as a sum of homogengqous polynomials

of various orders, assuming that
regions with different angle-dlistri-
bution regimes are separated bv rldges.

405, Sandulescu, S, and A, Nastase-Ghla, StuCeMeAp
{Insitute of Applied Mechanics, v. 13, no, 5
Bucharest). The mixed problem of 1099-1126
a triangular wing in higher-order
conical flow,

The distribution of the angles of
attack and pressures over the wing
surface is determined from their
distributions along two wing sections
given by homogeneous high-order poly=-
nomials, The sections are divided
fron each other by a straight line
(called "mixing edge") passing
through the apex of the wing. The
flow past triangular wings thin and
symmetrically thick, 1s investizated,
By placing the "mixing edge' on the
left or right side <« the triangle,
the direct and inverse problems can
be obtained as limiting cases of the
mixed problem,

406, Matcescu, D. (Institute of Applied StuCeMeAp
Mechanics, Bucharest). Wings with v. 13, no, 5
sharp edges in supersonic flow. 1127-1156

A speclal class of wings with ali
edges having zero thickness (called
"wing with subtending surfaces') 1is
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discussed, The supersonic flow past
a triangular wing (thin and of sym~
metrical thickness) with subtending
purfaces is analyzed and the problem
of a triangular wing with a diamond-
shaped profile is treated as an

example.

407, Belova, A. V,, and V, P, Loshkina, A VbLUMMoAa
thin airfoil in supersonic flow with T, no.
complex thermodynamics, 93-

A thin airfoll 1n a supersonic flow
under complex thermodynamic conditions
is considered and equations of motion
are established in the first and seocond
approximations., Formulas for calculat-
Ing the 1ift components of the air-
foll are also given,

408, Mikheyev, A. S. (Leningrad State VeLUMMe As
University). An analytical solution v. 7, no. 2
to the problem of supersonic flow 105=-112

about conie surfaces.

The supersonic steady flow of gas adbout
a cone 1s considered and an attempt 1s
made to derive an analytical approximate
solution which would be independent

of the thickness of the body and the
magnitude of the Mach number of the

flow and would apply to gases, other
than an ideal one, with & constant

heat capacity.

409, " Smirmov, N, V. Supersonic conical flow VellUle As
_under complex thermodynamic conditions,

An analytical solution is given foxr

the problem of supersonic isentropioc
flows of an arbitrary gas over a
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single airfoil and over a ocasocade ot
alrfoils, The prodblem is solved in
the first and in the seocond approxie
mations with the use of linearization,

410, Arkhipov, V. N, and K, S, Khoroshko, ZhPMeTF
(Moscow). A method of accounting no, 6
for rel.ixation in flow past a cone, 121-124

The disturbance and relaxation of
thermodynamic equilibrium in the
supersonioc flow of a mixture of
perfect gases (with regard to
chemiocal actions only among
components) past a fixed semi-
infinite cone is discussed, TFlow
is parallel to the cone axis, and
the disturbance is caused by gas
conmpression when the gas passes
through an attached shock wave,

411. Chuskin, P, I. (Computing Center, ZhVyohMMF
Academy of Sciences USSR, Moscow). v. 2, no, 2
Hypersonic flow past blunted bodies 255277

of revolution,

The results of computer calculations,
carried out by the metiiod of charagc-
teristiocs, of the axisymmetric hyper-
scnic flow of a perfect gas past blunted
circular oones and cylirders are analyzed,

412, Dabayev, D, A, Numerical #olution of ZhVychMMF
the supersonic flow past a delta wing, Ve 2, N0, 2
278-289

The supersonic flow of a perfect gas
past a plane delta wing with a positive
angle of attack is studied. The
boundaries of the region of influence
of the wing apex on the upper part of
the wing are determinsd.
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413, Nagzarov, G, I. Pressure of a gas Jjet ZhPMeTF
on an isosceles wedige, no, 1
25-33

Bergmannt's method 18 used to solve

two problems of pressure determina~-
tion on isosceles wedges: 1) the
symmetrical flow of gas over a wedge,
and 2) the flow of a compreasible

fluld over a wedge at the inlet of a
channel, In the second problem, some
use is nmade of N, Ye, Zhukovakiy's
formulas for the flow of incompressible
1liquids over wedges.

D T ST T

Ciat-

414, Murzinov, I. N. The effect of the ZhPMe TP
. Prandtl number on flow around a no., 1
blunt body at low Rey:aolds numbers, 39-43

The equilibrium flow of & viscous,
fairly rarefied gas in the region

of the stagnation point of axlally
synmetric blunt bodies moving at

high supersonic speed 1s considered,
end equations of continulty, motion,
and energy are derived, The variation
of the Prandtl number along the boun=-
dary layer and heat flow at the stag-
nation point are discussed in relation
to wall temperature,-

41y, Sychev, V, V. Small disturbance method ZhFMeT P
in problems of hypersonic gas flow no,
over slender blunted bodies. 50-589

An approximate solution of the problem
of a uniform hypersonlc gas flow past
slender bodies with blunted noses 1is
presented by using a unified small-
disturbance msthod, Expressions are
obtained ror determining the flow
parameters at a great distance Irom
the body and in a layer close to its
surface,
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LaS. Babayev, D. A, Numerical solution of

supersonic fiow past a delta wing,

The solution of a supersonic flow
past the lower surface of a delta
wing is studied in the domain of
the influence of the wing vertex,
Determination of flcw parameters,
entropy function, and the form of
the shock wave ia =educed to the
solution of a aystem of correspond-
ing equations of motion and ocontine-
uity under certain boundary cone-
ditions,

l17¢ Xuznetsov, S, T. Diagrams and tables of

118

419.

the flow about a wedge, cone, and
oconcave surface of dissocliated air,

This book contains diagrams and tables
of dissociated air Jlow for calcula=
ting shock wave parameters of highe~
energy flows having velocities from
2000-10000 m/sec, and for heizhts from
0 to 80 km, )

Nowak, Eugeniusz, Free mclecule hyper-

sonic flow past a sphere.

Free-molecule approximation of a steady
hypersonic gas flow past a sphere 1is.
considered., Distributions of mean
velocity of rebounded molecules are
discussed, disregarding intermolecular
collisions,

Pridlender, B, I. A oruciform wing of

finite span in a compressidble flow.

A thin cruciform wing in a supersonioc
flow, with its horizontal and vertical
surfaces performing arbitrary harmonio
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oscillations, is discussed., A linsar 4
formulation is used to derive an
oxgrosaion for the disturbed-velodity
potential, considering the interaotion
of osoillations and the wing-tip effect.
The way of handling the "oruoiform"
wings with arbitrary dihedral angles
(e.g8. star-shaped) is indicated,

420, Magomedov, K, M. Supersonic flow past IZAN MeNa
' blunt bodies with known sonic points, no. 1
111-117

S Sl T, o B g e

The flow field in the region between

a detached shock wave and an axisym=
metrical body with a known sonic point
is studied in the case of a supersoniec
flow at zeiro angle of attack. The

shape of the shock and the pressurc
distribution over the body are deter=
mined, Approximate formulas are derived
for shock detachment, pressure distribue-
tion, and velocity gradient, depending
on the ratio of shock densitias ahead
of and behind the normal shock, and on
the bluntness parameters,

j

421, Grodzovskiy, G. L. (Moscow). Super- IzAN MeNMa
sonic flow with a subsonic axial no. 4
velooity component about a flat ocas- 115=-120

cade and a perforated wall,

Supersonic flow about a flat, periodic
cascade with no separation having a
subsonic axial component of the incident
flow in a direction normal to the cas-
cade-plane is considered, Expressions
for basic flow parameters are establishsd
which taks pressure losses into account.
The flow fields doth in front of the
cascade and far upstrean are studied.

Y22. Omerinin, V., N, Ths effect of wing IsVUZ, AVT
downwash on stabilizer lift, g;i %66

An approximate method is nresented
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for determining the iift characteristio
of a stabiliser with a span greater than
that of the wing, An expression for

the vertical oa{omnt ot the induced
velocity at N is derived and

the downwash behind a wing and a wing-
oylindrical body combination is discus-
aed.

a3, mﬂgx;ﬂ Ye, V. A self=-balancing

hay,

k25.

of minimum drag.

The prodlem of determining the shape
of an airfoil of minimum drag with
given 1lift and moment coeffiocients in
an ideal fluid at high supersonic -
speeds is presented,

mly ina, Ye, V., and L, T, Yalubo,

Hypersonic airplane with self-balance
ing surface.

The problem of determining the lifting
surface of a hypersonic airplane with
& high lift-drag ratio and a known
ocenter of gravity is studied. The
ninimun-dreag body problem with a

given l1lift is treated in detall for
given and arbitrary volumes of the:

body.

Kholyavko, V., I, Aerodynamic characteris-

tios of airfolls end wings with biunted
leading edgez at high supersonic speasds,

The plane supersonic flow of an ine
viscid perfect gas over slightly
blunted bodies is examined by ap-
plying the principle of plane sections,
The piston theory is used in 4deriving

- 126 -

Isvug, AYT
no
118-123

IVOZ, AvT
no [ §
3-10



426,

ha7,

428,

the equations for shock wave propa-
ation and pressure on the piston
body). The influence of edge blunte
ness and of the sweepbask on the aero=
dynanio characteristios of a slato
and triangle wing is discusse

Valtkov, Yu, A, Entry of a winged air-

oraft into a vertical gust.

Longitudinal motion of a winged aire-
ocraft (treated as a perfectly rigid,
constant-weight body) which has flown
into a strong vertical current is
analyzed, assuming that the directions
of gust and of flight are always
perpendicular to each other, and

the gust velooity is small in relation

to that of the flight., Expressions

for determining dangerocus gust velocitiles

for various gust patterns are derived.

Romishevskiy, Ye. A, (Moscow)., Hyper-

sonic gas flow past slender bodies,
with radiation taleen into considera-
tion,

Speclal features of high supersonic
gas flow past slender bodles, whose
form is desoribed by a power or an
exponential function, are disocussed.
The entxry of such a body into dense
layers of the terrestrial atmosphere
is analyzed, and the radiation effect
on the distributions of temperature,
pressure, and velocities over concave
and convex bodies 1is nointed out,

‘Basghin, A, P, Supersonic flow around
a flat plate with detached shock wave,

A study is presented of the flow past
& rlat plate at an angle of attack with-
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a Getached shock in the entire super-
sonie and hypersonic regions, The method
of integral ccrrelations is used for .
caloulating rlow parameters and computer
amaing of the flow-field configu=
!lt! « The location of the critical
point on the plate is examined under
oertain conditions. Numerilcal scaloula-
tions were male at M = 4,5, 6,85,
10, and 20; at angles of attack of 90°,
75°, 65°, and 45°; and oompared with
experimental data.

429, Moiseyenko, A, F, Reversibility theorem InZh
for steady motion of an annular wing V. 3, no, 2
with fuselage. 355-362

The reversibility theorem 1s applied
to a combination of an annular wing
and a coaxial infinive c¢ylinder in
steady subsonic or supersonic flow,
Aerodynamic characteristics and pressure
relationships of annular wings in
direct and reverse flow are discussed
and the lift-pressure relation is -
established, Lift characteristiocs of
the wing-fuselage system are calcul=-
ated for various wing-aspect ratios
and ratios of cylinder to wing radil
and are shown in graphs,

430, Neyland, V., Ya., (Moscow)and G, I, InZn
Taganov  (Moscow), Forward v. 3, no. 3
separated flow region in nonsym- #19-523
metrica. supersonic flow over a
splked cone.

A generallzation of the method used
by S. M, Bogdonoff and T, E, Vas
(Hypersonic Separated Flows. Seventh
Anglo~American Aeronaut, Conf., N.Y,,
1959) to solve the problem of hyper-
sonic separated flow over 2 spiked
ocone at an angle of attack other than
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gero is desoridbed, The results (given
in graphs) with respect to the maximum
value of the angle of attack compatible
with the flow model considered are
disoussed, '

PR

431. Neyland, V. Ya, (Moscow). Hyper- InZh .
sonic invisocid gas flow over a plate V. 3, no., 3
at an angle of attack. uan.&as

A method is outllined for calculating

the paremeters of an inviscid gas

flow., The correlations of the flow

theory of an invisold gas makes 1t

possible to determine the one-para-

neter class of solusions at given

values of angle of attack and M of ¢

the incident flow, DNumeriocal results

are obtained for laminar flow in the

mixing region with no heat transfer

under the assumptions that the produoct

of the density and the dynamic co-

efficient of viscosity is constant

across the mixing region and that

the Prandtl number is equal to 1,

432. Golubinskiy, A, I, (Moscow). Lift and InzZh
moment of a thin airfoil in an arbltrary v, 3, no. 3
unstesdy Illow, 442-&45

Unsteady subsonic and supersonic flows
over a thin airfoll are considered

in linearized formulation., The reverse-
flow theorem is generalized to the

case of an arbitrary unsteady flow by
using the analogy with a steady {flow
over an equivalent three-dimensional

wing,

433, Filippov, I. @G. (Moscow). A theory PMNMa
of diffrsction of weak shocks Ve » DO, 1
around wedges. 75= r
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A new method 1z used to atudy tihw

general problem of twoe-dimensional
weak-shook diffraction around wedges

and bodies of ardbitrary shape, With

this mathod, the plane nonsteady flow-
diffraction problem is reduced to

the auxiliary prodlem of thres-dimensional
steady supersonic flow around dbodies

at an e of attack,

434, Sapunkov, Ya, @, {Saratov). Hyper- e
sonic flow past a circular cons V. 27, no. 1
at an angle of attack, 190-192

The determination of the hypersonioc
flow properties around & circular
cone at an angle of attaclc is deter-
mined by using Cheng's expansion of
the small parameters, Error analysis
indicates that the solution obtained
by this method is not valid in the
vicinity of the cone surface, whigh
may be due to erroneous calculation
of entropy.

435, Sapunkov, Ya. G. (Saratov). Hypersonic Piie
gas flow past a clicular cone at an V. 27, no. 5
an angle of attack. 930-939

A method of successive approximations
(by using the Poincare-Lighthill-Kuo
method) 1s presented which uniformly
approximates the exact sclution of
the problem of a hypersonic flow of
a homogeneous gas around a cone at

at an arbitrary angle of attack in
the whole region between the shcck
wave and cone surface, including

4 the vorticity layer.

< i

, h36, Bulakh, B, M. Asymmetrical hypersonie PMMe
(; flow past a circular one, v, 26, no, 5

: | 973-976
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4 steady, uniform, inviscid flow of
gas at =n angle of attack 1s studied,
and sclutions similar to those of

H, K. Cheng are obtained, It is shown
that A, L., Gonorts theory cannot bdbe
applied in this ocase,

i
i
437, Ginzburg, I, P,, and Q, V, Kochery- VeLUMNe As 1
zhenkov. Turbulent boundary layer no. 2 3
in a compressible fluid on a thermally 86-98 3
noninsuleted wing or axisymmetrio :
body.
An approximate solution is presented §

for the problen of rotion c¢f a compres-
sible fluid 1n a turbulent boundary
layer on a thermally noninsulated wing
or an axisymmetric body. The calcula=
tion procedure is outlined for a
numexrical example of a spherioal body
in an air flow of M =« 20 with a
stagnation point temperature of T7000°K,

Fwa——- -

438, Mikheyev, A, S, Supersonic flow VelLUMMeAs
around a body of revolution, no., 2
120-127

A supersonic flow around a pointed
hody of revolution with a curvilinear
generatrix 1s studied, and a system
of gasdynamic equations describing

a steady adlabatic gas flow with
arbitrary thermodynamio properties is
considered, The equation of a shook
wave 18 derived, and gasdynamic para=
meters of the shoock wave and on the
body surface are determined.

TRME. b 4D e

439, Vereshchagina, L. I. Base pressure on VelUMe s
bodies of revolution in a supersonic no, 3
gas flow, 139-143

A method for determining the base
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ssure on bodies of revolution
ot ting in a raonic gas flow
surbulent mixing) is pirosented.
model used is desoribed, the
flow in the mixing region is analyzed,
and the procsdurs of caloulation 1s
given,

440, Merepukhov, V. A. Rarefied gas flow

T

about a plate,

A flow of highly rarefled gas about

a flat oircular plate at a zero angle
of att was analyzed, It was as-
sumed: 1) that the maoroscopic veloclty
of the flow is higher than the thermal
velocity of the free-stream molecules
and greatly exceeds the velooity of
the reflected molecules, 2) that the
reflection of molecules from the sur-
face tales place by diffusion accorde
i)g to the 1lian distridbution
funsetion, and 3) that the molecules
are solid elastlioc spheres,

Syagayev, V. P, A‘numerioal method for

solving the problem of supersonic gas
flow around conical bodies,

Supersonic flow of an ideal gas around
a oconlcal body having one or seveial
planes of symmetry is discussed., The
inverse type method of solving the
boundary problem based on iterated
numerical solutions of the Cauchy
problem with successive correction of
the given initial data is used, The
results are compared with those obtained
2ytothnr methods and with experimentil
ata,

442, Borisov, V. M. (Moscow). On optimal

shape of bodles in supsrsonic gas
flow,
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4u3,

Two variational problems of ges
dynaniocs are oconsidered: oonstruoting
optimal ocontours for flows of a perfect
gas with a shook wave and the minimum-
drag genexratrives of portions behind
the nose of bodies of revolution are
determined; and the flow of a real gas.

Mikheyev, A, S. Supersonic flow

around bdlunted bodies of revolu-
tion,

An adiabatic equilibrium supersonic
steady gas flow (of given thermo-
dynamic properties) past a blunted
body of revolution with a corner
point on its contour is investigated,
using a simplifying modifiocation of

A. A, Dorodnitsyn's method of integrul
relations,
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GROUP A
A=3

AEROMECHANICS OF HIGH-SPEED FLOWS

Testing anc Researcn Facllitles
Wind Tunnels

Shock ‘lubes

Nozzles and Diffusors

Other Testing Facilities

Similation and dodelling Macilities
Re-Entry Testinm Equioment



A=3 TESTING ANC RESEARCH FACILITIES

1940
44y, Zemskiy, O. M, (Moscow). Sunersonic wind VoeVoraA
tunnels., Rep. No. 60
1959
L4y, Nedelescu, Ion An open-type supersonic wind “STUCeMeAD
tunnel fn continuous operation ;é7lgalno. b

The description and flow parameters of a
sunersonic wind tunnel at tne Traian Vula
Institute of Applied Mechanics are rniven and
1is test results are discussed. The poassibility
of construction of a larger tunncl 1s exanmined.

1961
446, Qusev, V, N. A study of flow in a discharge nd.
device, v. 1, no. 3
161=165
A mathematical investization of the shock~

wave propargation in an electric-discnarge
device 1s presented oy using a piston analog.
The working substance i% a nerfect gas, and
tnere are no physical or chemical transform-
ations during the motion. A farmula for the
velocity »f wave nropasation 1s derived.,
Waves with velocities over 1J km/sec can be
obtained in the device discussed here,

Ly7, Antonov, A, M., and M. M, Sidlyar. Some PMe
approximate solutions of piroblems of v. T, no, 6
hypersonic flow about alender bodies 649-856

A theoretical study by the method of
successive approximationof bodiesat M € 20 is
based on general equations of conservation of
mass, momentum, and energy, and continuity of
the tangential ocom;, onent of velooity. Numeri-
cal data are given on pressures in the flow
about a wedge at M = 17, 18, 19, 20, and 21.
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448, Jungowski, V. M.. Methods for calculating 'Ia%i MeSt
-tusnacfon temperature in a hypersonic v. 14, no, 3=4
gun tunnel. 491=5=3

An analysis of phenomena in a sun tunnel 1s
presented, along with a deacription of tne
method derived by Cox and Winter (AGARD Report
139). A sketch of the apparatus is given to-
gether with a time-versus-distance diagram,
and an operationsl description is prasented.
It is stated ti.at gas friction and heat L.ans=-
fer have little effect on piston motion but
quite a distinot effect on stasnation temper-
aturs through the attenuation of the primary
shock wave and a decrease in gas entropy. The
effect of piston weight on the strength of the
shock wave is outlined.

449, Lashkov, A, I., and Nikol'skiy, A. A. InZh
Shock=wave starting of a supersonic diffuser. V. 2& no. 1
ll-1

A method which uses nonstationary flow
phenomena for the starting process of a
supersonic diffuser aas been developed,

The diffuscrs were tested at M = 2,905 and

M = 2.9 and results are snown in spark photo=-

graphs.
450, Popov, N. N, Tae problem of imparting high VeMoU Mo
flight velocities to bodies. no. 4

69-T4
A numerical solution of the classical -1
Lagrange problem (determining the motion of
a piston in a cylinder open on one end and
closed on the other end, the space between the
piston and the closed end being filled by an
ideal gas) is presented. This nroblem is then
applied in the case of one-~dimensional motion
in a cylinder with the electric and magnetic
fields perpendicular to each other and to the
velocity vector; the solution 1s obtained by
succesaive approximations,
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1964

451, Krayko, A. N., I. N, Naumova, and Yu. D. IS
Shmyglevskiy. Designing optimum-shape v. 28, no. 1
bodies in superaonic flow, 179-152

The design of the ahabo of the supersonic
position of noszzles with maximum thrust 1is
discussed.
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Bel

AEROTHERHODYNAMICS OF HIGH-3PEED FLOWS

Aerothe mmonhysics

rlass and Heat Transfer
Temperature Distribution
Thermal Radiation ETfects
Ionization

Dlssoclation



B~1 AEROTHERMOPHYSICS

452, Ralikhman, L., Ye. (Moscow). Heat transfer in

453,

h54,

455,

456,

the boundary layer.

Translationt NACA Tech. Mem., No, 1229
1949)

Prokof'yev, V. A. . Influence of radiation on

the propagation of small disturbances in
viscour heat conducting flufids (hydrody-
namic theory),

An sttenpt is made to analyse the radia-
tion problem with an accurate evaluation of
the transfer of radiation. Heat radiation
sad the absorption of radiation energy are
taken into account,

Sidorov, E. A. (All-Union Institute of Heat

Technology, Moscow). An approximate solu-
tion is derived for the case of nonstation-
ary convection heat transfer.

Kim, Ye. I, (Kharko;). Concerning one prob-

lem of the heat exchange of a system of
bodies.

A study of the heat-exchange problem of a
system of bodies in thermal contact is re~-
ported for the case of continuously vary-
ing temperature and heat flow in the
neighborhood of the contact boundary.

1946
PMMe

Ve 10. ao, &
§69=474

1957
“TsAR OTN
no. 7
94-102

IsAN OTN
no., 9
116-117

PMMe
'. 21. ‘o. 5
624-633

Glikmen, V. F, On the problem of nonsta- ZhETeP

tionary heat trausfer through a plate. v. 27, no, 12
' 2794~2796

Presents an axpression for the specific
thermal flux through two surfaces of the
plate. Values are given for the relative
departure of the thermal flux from its
stationary valua. (Refer to Sov. Phys.,
Dec, 1957, 2593~2595.)
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1938
457, Grigor'yev, B, A, Some problems of hsating TTEN OTN
an. infinite plate by unsteady flows. a0, 1

Unsteady, pulsed radiating flows, wvhose
density at the irradiated surface is

exprissad by the product of s power and
an exponential function (both of time),
from the beginning of irradiation, are

discussed.

458, Tirskiy, G. A. (Moscow). Nomstationary heat IsAN OTN
transfer through a system of disks rotating no. 7
in a viscous fluid, 106=107

A generalization of the problem of nonsta-
tionary heat transfer is presented for a
system of disks rotating in a viscous

liquid.
459, Grigoryan, S. S. On heating and melting of PMMe
a solid by friction. Ve 22, no. 5
$77-587
The formulation and solution of two problems
of heating of solids by friction are pre-
sented, The first problem is that of fric-
tion batween two solids; tha second is the
flow of a viscous, incompressible fluid past
a solid body,
460, Sidorov, E. A, (All-~Union Institute of Heat Teploener=-
Technology, Moscow). Calculation of effects getika
of a nonstationary regime on convactive no. 4
heat exchange. 79-80

The development and application of approx-
imate methods of calculating the effecr of
a noenstationary regime on convective heat
exchange are presented.
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~An exact solution of tha problem of heating

1959
usl. Zlydﬁl'. R, Mn. 0. S. Ry:ho\'. and Ye, I, An=- DAN SSSR

dryankin (Institute of Chemical Physics, v. 124, no,

Moscow), Propagation of nearly spherical 57=-59
heat waves.

Tha propagation of heat waves of nearly
spherical shapa 18 calcuiated. The de-
termination of tha eigenvalue spactrum

and the corresponding eigenfunctions {is Y
eplained, . “

462, Fayzullov, F, §,, N. N, Sobolev, and Ye, M, DAN SSSR

¥udryavtsev (Physics Institute, AN S3SR), ve 127, no, 3
Tenperature of nitrogen and air behind a S541-544
shock wave,

The experimental results on the temparature
of air and nitrogen behind a shock wave,
obtainad by using the method of convarsion
of spectral lires with photoslactric re-
coxding, are evalucted,

463, Kogan, M, N. (Hoscow}, High conductivity

flows.

Certain characterisgcic types of flow DAN SSSR
occurriang in the case of high heat con- v. 128, no, 3
ductivity are studied. The process for 488-490

solving the case of an arbitrary body is
briefly indicated, and it is pointced out
that ian the case of supersonic flow, the
turbulence occurs upstream of the body.

b6k, Tirskiy, G. A, (Moscow). Haating of a heat~- DAN SSSR

conducting wall behind a moving compression v, 128, no. ¢
shock. 1140-1143

of a flat wall behind a plane shock wave
travelling through a gas at rest at con-

stant speed parallel to the wall boundary
is obtained.

A i

&
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465, Tarubin, V. 8. A problem of unsteady heat IsAN BnAvtT

conductivicy. no.

38=44

The unsteady heat transfer taking place in
the casing ofa iiquid-~cooled liquid=iual re-
action engine during trancient regimes is
discussed, It is assumed that the inner
and outer vwalls of the engine casing are
thermally connected by convective heat
transfer by means of the liquid coolant
vhose temperature is time dependent, and
that heat flux is proportional to the tem-
perature of a given point at a given time,

466, 8idorov, E. A. (Moscow). A generalization I1sAN EnAvtT

of Cretz's solution to cover the case of no, 6

radiative heat transfer. 183~-185

A generaliszation of Gretz's solution for
convective heat transfer in laminar fluids
to cover the cass of radiative heat trans-
fer is presented.

"h67. Sidorov, E. A. (Moscow)., The interaction of IzAN MeMa
convection and radiation in an absorbing no. S
medium, 134-136

The further development of previously ob-
tained results on the interaction between
heat convection and radiation in absorbing
media is presented. The study covers the
case of 3 two~dimensional steady motion of
an incompressible fluid in the neighbor-
hood of a nonisothermal surface.

468, Cherpakov, P. V, (Voronezh State University), 1zVUZ, M

Periodic solutions of heat transfer equa- no.

2

tions. 247=-251

Periodic solutions of the equations of heat
transfer in finite and infinite regions
charactarizing the propagation of heat
waves are obtained.
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L69, Merkulov, V. I, (Kiev). Heat transfer in a

plane stationary flow of viscous fluid,

Equations of steady heat transfer in a
stationary flow of viscous liquid are
derived. The assumptions of constant
heat transfer coefficients and of the
known solution of the valocity field
problem are introduced,

470, Kaplan, S. A,, and I. A. Klimishin. Some

notes on shock wave radiation,

The heating of a gas before the front of
a shock wave by the radiation emitted by
it is discussad. Formulas for calcula-
ting the width of the heated sone and
1ts temperaturs field are given.

471, Nikitin, Ye. Ye. (Institute of Chemical Physics,

Academy of Sciences USSR). A mechanism of
intermolecular energy exchange during dis-
sociation of a diatomic gas.

A mechanism for intermolecular energy ex—
change in the presemrrce of diatomic gas
dissociation is discussed.

472, Motulevich, V. P. (Power Engineering Insti-

tute, Moscow), Heat exchange at the
stagnation point of blunt bodies in su-
personic gas flow.

A relatively simple mathod for solving

the problem of heat exchange at the stag-
nstion point of blunt bodies in super-
sonic gas flow is proposed. Tha method is
based on the process occurring in the cen-
tral stream of the supersonic flowv in an
inviscid fluid,
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473, Kusnetsov, N, M, (Instituts of Chemical ~ Ialih
Phyesics, Academy of Sciences USBSR), Y. 3, no, 9
' 17=24
Problems of teamperature disctribution and
congentration of the components of dis~
sociatiag air ia the nonequilidbrium region
bshind a steep shock front are discussed,

h%“. Mikhaylov, V., V, (Moscowv State University). InSb
An analytical presentation of thermodynamic v, 28
functions of dissociatsd air. 36-41

Relatively simple and asccurate expressions
are given for thermodynamic functions of
dissociated air, disregarding processas of
additional excitement of the degres of
freedom of the particles. It is assumed
that progressive energy leavels do not de-
pend on imner levels.

475, Kvashnina, S, S., and V, P, Korobeynikov, IsAN MaMa
Solution of some problems of air motion, no., 2
with dissociation and ionization accounted 34=44
for.

Approximate gas~dynamics formulas are pre-
sented for air in the temperature range
from 1000 to 20,000° K,

476. Volodina, M, V., Yu, A. Dem'yanov, S. S. IzAN MeMa
: Kellin and N, V, Chereshneva. Wall surface no, 6
temperstures behind a shock wave. 112-116

A theoretical and experimental investi-
gation of the wall surface temperatures
behind a shock wave moving at constant

speed is reported.

477, Povitskiy, A. S. Equilibrium temperature of I1zVUZ AT
slender bodies in supersonic flow, no, 1

35=42
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The corractions which must be introducaed
in the coefficients of heat transfer of

a flat plate whan those coefficients are
applied to slender wedges, thin airfoils,
slender cones, and slender bodies of reve~
lution moving at high suparsonic speeds
are discussed,

478, Pigurovskiy, V., I, The calculation of the
heating of two~layar plates.

The heating of a two~-layecr plate, one layesr
of which has low heat conductivity (thermal
insulation) and the other is metal, is ana-
lyzed under the assumptions that the tem=~
perature of the insulation layer is that

of the surrounding air and that there is

no heat trunsfer from the free surface of
the metal layar,

479, Yarkho, A, A, (Khar'kov), Haat transfer in
the neighborhood of the blunt leading adge
of a cylindrical wing on slipping,

The solution obtained previously for the
problem of heat transfer in the neigh-
borhood of the forward critical point in
a plane flow of gas is genaralized., The
case of steady flov of gas around an in-
finite cylindrical wing is studied. The
assumption of a laminar flow in the boun~-
dary layer and of a constant Prandtl aum-
bexr and specific heat is introduced,

480, Alimov, R, Z. (KRazman' Aviation Institute).
The influence of diffusion on heat transfer
of gases in & boundary layer.

An approximate method is presented for cal-
. culating the influence of diffusion on

heat transfer of the gas in the boundary

layer, based on criterional equations,
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481, Petukhov, 3, B8,, and V, V, Kirillov, Heat Teploener-

tranofer in a turbulent compressible gas getika
flev in a tube at numbers up to 4,0, :z ;i 80, 5

Local heat transfer in a compreseible gae
flev iu a tude with Mach numbers from 0,3
te &.o‘ Reynolds nuambers from 40103 to
900°10%, aand relative tunnel leagths on
heat transfer are determined, and gener-
alised relatiens for the calculetion of
heat tramsfer are presented.

482, Scratonovich, R. L. Fluctuation thermo~ ZhBTF
dynamices of nonaquilibrium processes. v. 39, no, 6
1647-1659
Equations of the theory of squilibrium
fluctuations and of nonequilibrium
thermodynanics were derived by estadb~-
1ishing a relatioanship between the
fluctuations in tvo-dimensional dis~
cridbution and the one-dimensional dis-
tribution of & nonequilibrium process.
It £s shown that the residual correla-
tions and the ergodici. ' of the system
are determined by the behavior of {ts
thermodynamic fluctuations. The On-
sageY relations are generalized to the
case of nonlinear nonaquilibrium

processes,
483, Nevsglyadov, V. G. Thermodynamics of ZhETF
turbulent systems, ve 3%, no. 6

1727=-1731
Some consequences of the second lav of
thermodynamics for single=-component tur-
bulent systems are discussed. It is shown
that the law must be generalized in order
to be applicable to such systems, and this
is done by means of the concept of "turbu-
lent=thermal entropy."

484, Loytsyanskiy, L. G, Heat transfer in tur- PHMe

t Ve 24, no, 4
bulent motion, 637-6‘6
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Literature on the thaeory of heat transfer
in turbulent motion {s reviewsd briefly,
The hypothesis of localization is gener-
alized for the case of fnteractions be-
tveen the polar and wolecular flow pest
bodies, and von Karman's theory is ex~
tended to high Prendt]l numbers,

485, Dem'yanov, Yu, A, (Moscow). The boundary PMMe
layer on a plate of & time~variable v, 24, no. 4
surface temperaturs. 647-650

A meathod {s developed for calculating the
tenmperature field im the boundary layer of
a semi-infinice plate in & wuniform flow
noving with a velocity Ve, The onset of
heating in the plate is governed by a time-
dependent temperature function T,(t), where
Ty 18 the wall temperature.

486, Xostandian, B. A, (Moscow). On the stabilicy PMMe
of the solution of the nonlinaar heat con- v, 24, no, 6
duction equation, 1112-1122

The stability of solutions of the nonlinear
heat conduction equation is analysed., Suf-
ficlent -conditions of asymptotic stabilicy
are obtained by making use of certain ap~
proaches in Lyapunov's second method.

487. Nemchinov, I. V, (Moscow). Problems of heat ZhPMe TP

transfer by radiation., no, 1
36=37

The equations of radiestive heating and

cooling by radiation, and equations of

motion are analysed., Self-similar so-

lutions are obtained for the case vhen the

radiation path is a power function of

the tewperature, and the radiation flux

depends on time,

i Sl G Al e
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488, Klimov, A, M. Plowv of gas with high thermal ZhPMe TP
eonductivity near the stagnation point of no. 1
2 blunt body. 138~141

Heat transfer !> foniszsed and nonionised Rases
near the stagnation point at arbitrary
Prandtl numbevs (3 analysed,

489, l.apin, Yu, V. Fdotion and heat exchange ZhTP
‘ a oompressidle turbulent boundary layer v, 30, no, 8
on a plate with the injection of fiuid, 984=993

The above mentioned friotion and heat ex~
change analyses are based on doundary-
layer eQuations for a two-component gas
nixture under the assumptions that the
rate of the 1ncrt-§:l injection is low,
the specific heat constant, and the
Prandtl and Sohmidt numbers are eaoh
Bveiedd ERspvivias o5 he Infeoted rhse
8i¢ les t ecte ul
on the trizggzn and of the injection it-
self on the distortion of the velocity
profile in the doundary layer are disous-

sed.

n90;an1n,‘!u.'V. Friction and heat exchange ZnTrk
in a compressible turbulent. boundary v. 30, no, 10
layer with injection of a chemically 1227-1237

reactive fluid.

The friction and heat exchange in the
resence of chamical reactions cauased
sotion of a fluid into a compressible

turbulent boundary layer on a porous plate
are investigated under the assumptions that
the rate of the chemical reaction 1isa
infinitely fastexr than that of diffusion,
and that the Prandtl and Lewis numbers are
each equal to unity,

1961
491, Motulevich, V. P, and G. P. Malyshev (Moscow EnY AN SSSR
Povar Engineering Inatitute). The effect 104-113
of dissociation on heat exchange and fric~-
tion of a plate in an air flow,
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The calculation of friction and heat ex~
change of a plate in air flow {s examined
under tvo extreme conditions: “"frosen"
snd "equivalent."” The equations are based
on the real dependence of asll calculated
parameters ou both temperature and pres-
sure in the "equivalent"” case, and only

on temperature in the "frosen" case.

492, Kutateladse, 8. 8., and A, I. Leont'yev,

‘ Drag and heat~transfer lavws in a turbu=~
ient boundary layer of a compressible gas
and a method for calculating friction and
heat transfar,

A mathod based on limict laws of friction
and heat transfer is proposed for calcu~
lating these parameters in a turbulent
boundary layer of a compressible gas., The
theoretical lavs of resistance and heat
transfer obtained here permit to simpli-~
fying the mathod for solving the integral
relationships of the doundary layer in a
comprassible gas flow with longitudinal
velocity and temparature gradiants in re-
glons not close to the separation point,

493, Devoyno, A. N, Basic heat-transfer reg-
ularity patterns in a rarefied gas due to
natural convection,

The problem of heat transfer betwaen a ver-
tical plate and a rarefied gas in tha viscous
and transient states (corresponding to con~
tinuous and slip flow raspectively) 4s dis~-
cussed. The theoretical solution of the
problem is compared with the author's ex=-
perimental data for a range of pressures

from atmospheric to 0.01 mu Hg,

-494, Kuderyashev, L, I,, and A. A, Smirnov (Kuy=
byshev Aviation Institute). Heat transfer
in fluid flow around a cylindrical body.

InfZh
Y. &, no, 6
33=41

fafZh
v. &, no. 6
70=77

IaP2Zh
Y ‘. no, 10
21-29
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Unstaady isothermal heat transfer betwveen
a eylinder sad the fleow of an incomapres=
sible fluid is studied, and formulas for
sajewlieting the hest transfer coefficient
.ot detived vn the basis of a semiempirical

- theory of turbulence.

'tﬁluvteh; Ve P, Heat and mass transfor IaF2Zh

8¢t the stagnation point of a blunt body. :8.1:1

A theoretical analysis i3 presented of the
- heaet and zass transfer at the stagnation
point of blunt bodies in 2 multicomponent
ges flow with the cheamical reactions oc~
eurring between the gas and the material
taken into account. The relation of ig-
niticn and attenuation processes to othar
parameters is analyzed, For purposas of
simplification, ths analysis is reduced to
that of a homogeneocus body with only one
irreversidble reaction taking place. The
enslwels indicatss that 1) boih ignicion
and attenuation temperature depend on the
chemical reaction characteristics of the
reacting substances, the flow rate, the
gas density, and the dimensions and shape
of the body; 2) mass transfer and surface
temparature increase with risc i{in gas-flow
teaparature for reactions of 21l types;
and 3) higher gas density reasults in
increaased mass transfer, as doas in~
creased modulus of the heat of the re-
action in the case of endothermic ra-

actions,
Brovaan, M, Ys,, and Ye. VYV, Surin. Haat IarFZh
conduction caiculations. v. 4, no,

75-82
An approximats method is proposed for
solving heat conduction probiems with
various boundary conditions. The solu-
tion is expressed &s a polynomial series.
In an illustration of this mathed, in
wvhich heat conduction is considered in
the cooling of a plate, the error of the
results dié not exceed 3 to 4X.

- 148 -

12



e

4g7, 8Shishkov, Ye, V. Temperature measurements
in the boundary layer.

Results are presented of an experimental
study of the distribution of local valuas
of equilibrium temperatures and pressures
on the surface of a thermally nonconduce
tive cylinder in sub- and supersonic flows,
Data obtained sre compared with calculated
data, and some specific conclusions are
drawvn concerning the work of a thermocouple
in a transverse flow,

498, Neyland, V., Ya,, and G, I. Taganov, Heat
transfer to a body in ths vicinity of the
frontal sepavation zone in a hypersonic
flov-

The unaximum heat flow is evaluated in the
vicinity of the boundary of the frontal
saparaticu asns, undey laminar flow con~
ditions, The influence of dissociation

on heat flowv at certain angles of the con-
{cal shock wave is determined,

499, Golubev, V. A, Parameters of turbulent jats
: at a very high teaperaturs.

Plane parallel jet flow of a compressible
g4as is analysed on the basis of Prandtl's
theory of free turbulence, under the as-
sumption that the length of the mixing sone
for heat transfer is twice that for trzas~
fer of momentum, Calculations are made for
a jet initially hsated to temperatures of
20,000 and S000°K, The results obtained
and those based on Taylor's theory of tur-
bulence were found tc be qualitatively
comparable.

500, Naziyev, Ya, M. The temperature distribution
in an infinite hollow cylinder,

The heat-conductivity problem 1is considered
in the case of an infinite hollow cylinder
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thermally insulated on the outside and with
an inner surface hested by a heat flowv which
varizs exponentially. Applying ths Laplace
transfermation to haat=conductivity squa-
tione with corrasponding boundary conditions,
8 transform pair of the solution of the
equations is derived, establishing the dis-
tribution of the temperature in the cylinder,
Exact and approximate solutions are also pre-
sented for the casecvhen thsa temperature

on the outside surfaca of an infinite hollow
eylinder is maintained constant and the ian-
side surface is heated by a haat flow vary-
ing axponentially,

501, Rumynskiy, A. N. Heat trensfer near the TzAN MeMa

502,

503.

stagnation point, no,

i

96-101

The effect c¢f radiation on convective
heat tranafar near the forwvard stag-
nation point of an axisymmatric blunt
body in a hypersonic stream of radi-
ating and absorbing gas is discussed.

Shakhnov, I. F. Disturbance of a supersonic

flow induced by discrete or continuously
distributed heat sources.

Expressions ars given for the distribution
of disturbancas in an originally undis-
turbed flow of ideal gas. It is demon-
strated that at a given distribution of
hsat sources in the flow, condensation or
rarefaction waves may appear; on the other
hand, it 1is possible to reduce some shock
vaves in an adiabatic flow ovaer bodies by
introducing an adequate heat supply.

Stulov, V, P, (Moscow), Heat trsnsfer in a

laminar boundary layer,

Calcuiations of the heaat transfer iu a
boundary lzyer on 2 plane plate are pre-
sented which take account of chemical non-
equilibrium, The results indicate that
nonequilibrium in a gas particle doas not
affect the rate of heat flow significantly,
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504, Shakhnav, I, ?, The method of small dis- IsAN MeMa
turbancas applied to nonadiadbatic super~ no, 6
sonic flow. 37=41

Flow paramaters are establishad and dis-
cussed for a gas flowing at suparsonic
velocity over & flat plate at zero angle
of incidence. A rectangular zone of heat
transmission adjoins the plate. Basic
parametars determining the flow inside and
outside the heating zone are given.

505, Suksov, I, I, Datermination of the ther- I12VUZ, AVT
mal characteristics of a two-dimensional no, 1
ianinary doundary layer in a compressible 27-37

gas without a longitudinal pressure gra-
dient in the ragion of the stagnation point.,

Simple approximate solutions ars prasented
which give good results in determining the
cosfficients of friction, recovery, and
heat trausfer for a plane plate and for
the stagnation-point region. Analogous
solutions can be obtained wvhen the effect
of high serodynamic heating is taken into

. account, Ths method can bes axtendad to
bodiss cf revolution.

506, Bulygina, Ye. V., M. B. Polyakov, and IzVUZ, AvT
Ya. S. Shoherbsk., Thin airro:,i with ‘ no, 2
the minimm mean heat-emission coef- 17=25

ficlent for a given lift,

A theoretical solution is derived for

the problem of determining an airfoil
shape which would provide ths least mean
heat emisaion coefficient for & given
1ift. It is assumed that the airfoil

is thin, that both the top and the bottom
surfaces are heat insulated, and that

the boundary layer is either fully
laminar or turbulent,

507, Kudryashev, L, I., and V. K, Lyskov, The IzVUZ, AVT
Influence of longitudinal nonisothermi- no., &
city on heat-transfer coefficient. 104-110

- 151 -




The prodlem of finding the heat-transfer
cosfficient in the case of a turbulent
flow in hydraulically smooth conduits was
teduced to determining a system of dif-
ferential equations of the boundary sub-
layer, The heat-transfer coefficient was
computed thecretically for large longitu-
dinal aonisotharmicity, and the functional
form of the correction=-factor equation 1is
found on the basis of a turbulent heat-
transfer model. It is shown exparimen-
telly that if physical parametears are de~
terunined at the mean temperature of the
flow, then the experiméntal data are beast
genaralized in the form of an equation of
the dimensionless temperature in functions
of Reynolds and Prandtl numbers and the
quotient of the length ard diameter of the
tube., The generalizatic of experimental
data according to the existing formula,
with the correction facto- taken into ac~
.ecount, requires the int. uction of the
actual mean temperature gradient and come~
plicates the procedure., A simple mathod
for practical evaluation of the influence
of longitudinal nonisothermicity is given,

508, Fedorov, I. G., V. K, Shchulin, G. A. Muk~- IzVUZ, AvT
hachev, and N, S, Idiatulin, Heat transfer no, 4
and hydraulic resistance in laminar conduits 120~-127

consisting of two 0.,5-mm steel sheets, main-
tained at a distance of 2,5 mm by projec~-
tions 6.5 mm in diameter produced by stamp-
ing with spharical dies. Thus, a channeled
or checkered pattern was formed. Four dif-
ferent samples were tested in 18 to 20 re-
gimes determined by air consumption in the
range of Reynolds numbers from 500 to 18,000,
The results obtained are presented graphic~
ally with the Nusselt number and hydraulic
resistance as functions of the Reynolds

numbar,
509, Gribkova, S, I., and L, S, Shtemenko. (In- Konf. Tp
stitute of Heat and Mass Transfer, Acad- Mas

emy of Sciences BSSR). An experimental
investigation of slip and temperature jump
in a flow of rarified air around a solid
wall,
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510,

511,

512.

Translation:t by ATD, Library of Congreass,
Report No, T=63-64

The following papers were presented at the

. Conference of Heat and Mass Exchange spon-

sored by the Belorussian Academy of Edu~

cation USSR, the Academy of Construction

and Architecture USSR, and the Instftute

of Machanics (Academy of Sciences USSR).

This conference was held i{ia Minsk in June
1961, :

Kudryashev, L, I., and V, A, Dzerul'skiy

(Kuybyshev Aviation Institute). Demon-
strating the existence of heat regular-
ity in a boundary layar with internal
prodlem conditions.

Translation: by ATD, Library of Congrass,
Report No., T=63-70

Printed in rototype at the Inscitute of
Scisntific=Technical Informaiion aund
Propaganda. Council of the Nactional
Economny BSSR,

Perel'man, T. S. (Power Institute, Acadenmy

of Sciences BSSR, Minsk). Heat exchange
in the laminar boundary layer during flows
around a plate with internal sourcss.

Translation: by ATD, Library of Congress
Report No, T=63-74

Sovershennyy, V. D., and G, A. Tirskiy. (Cen-

tral Institute of Aviation Motors, Moscow).
Sublimation of a solid in the vicinity of a
critical point in plane and axisymmetric

. gas flows,

Translationt by ATD, Library of Congrass,
Report No., T=63-68
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513, Popov, N. A., and V. I, Rakhovakiy (Ail-Union Konf, Tp .
* Electrical Institute). The problem of cer- Mad
met deplet.on by highly volatile components Minsk. 1961
during hesting in & vacuum,

Translations by ATD, Library of Congress,
Report Ko, T=63=72

1961
514, Teoy, P. V. (Dushanbe Polytechnical Instituta), Konf. Tp
Analytical solutions of a system of heat Mas
and mass exchange equations for a semifi- Minsk. 1961
nite medium under various boundary con=-
dictions.

Translation: by ATD, Library of Congress,
Report No. T-63-65.

515, Vulig, L, A., T. P. Leont'yeva, I, B. Palat- Konf, Tp
aik, Z, B, Sakipov, and 3, P, Ustimenko. ) Mas ,
{(Power Institute, Academy of Sciences, Minsk. 1961
KagSSR)., Transfer processes in a free
(jet) turbulent boundary layer.

Translattf{ons by ATD, Library of Congress,
Report No., T=-63-73,

516, Zhukauskas, A. A., V. I. Makartavichus, and Konf. Tp
A. A, Shlanchyauskas (Institute of Povar Mas
and Flectrical Engincaring, Kaunazs). The Minsk. 1961
problen of the semission of heat in smooth
pipe bundles in crossflow liquids.

Translation: by ATD, Library of Congress,
Report No. T=63-69

517, Lapin, Yu, V, Heat transfer in a turbulent LPol G{Tr
boundary layer, no, 217
27=-36

Heat transfer in a turbulent boundary layer
in a supersonic gas flow with a moderate

—15‘4-



518,

319, -

pressure gradient and nonuniform temparature
distribution at the wall is determined by
Karman's semiempirical theory. The teumper=
ature range investigaced i{s that in which
the Prandtl anumber and specific heast capa-
city may be considered as constants inde~
pandant of temperaturs, Solution of the
momentun integral equation and calculation
of the heat transfer on the basis of a
Reynolds analogy are presented. A numeri-
cal example of calculating the heat trans-
fer and the skin friction on a wing air-
foil in a supersonic flow (flight alci-
tude 20 km at M =6; T, =700°K) is given,

Tirskiy, G. A. (Moscow). Conditions on the
surface of a strong discontinuity {in multi-
component mixtures,

An analyeis of the conditions on the sur-
face of a strong discontinuity in multi~-
componant mixtures is presaeanted. Rala-
tions are darived for viascous heat con-
ducting multicomponent mixtures, taking
into account the effect of thermal dif-
fusion. An approximation of the boundary-
layer theory is used to derive relations
valid on the surface of discontinuity
(density, pressure, particle velocity,
temperatura, and composition). Flow past
a porous flat plate, allowing for the
svaporation of the liquid film, as well

as the case of a uniform gas flow past a
sublimating wall are discussed as examples.

Pashchenko, N, T, Some asrothermodynamioc
problems associated with a free-molecule
flow pattern,

In investigating the heat supply in rare-
fied gases the temperature of a slender
body in a translatory motion accompanied
by small transient motions (for example,
oscillation) in cases of sonvective and
radiative heat exchange is determined as
a function of time, local angle of attack,
veloocity, surface characteristios, and
thermodynanic paranmeters of the medium

at high altitudes,
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521,

521.

522,

Drushinin, 8. A. Calculation of internal Teploener~

heat exchange during porous cooling. getika .
Ve .. -1 1Y 9
A method 1is presented for exparimental 13=127

study of the imternal heat axchange in
porous mnetals heated dy high-frequency
curreats, Tests performed on two air

coolad stainlass steel specimens with

30% aad 30X porosity are described.

Bashkian, V, A,, and Ya. Yo, Solodkin. On ZhPMeNT
deteruining the heat transfer coefficient. no. 3
16=-24

Convective heat transfer batweean body and
gas ia high hypersonic flows (up to M=20)
with boundary layer temperatures over
20000K is discussed,

The epecific haat flux with a zero pressure
gradient in flow direction in cases of a
constant snd longitudinally variable surface
temperature is determinad, teking into
account the dependence of thermodynamic
functions and transfer coefficlents on the
temperature., The case when both the pres-
sure gradient and the temparaturs vary along
the body surface is also briafly discussaed.
The application of results obtained to a
turbulent boundary layer and to determining
the heat transfer coefficients from expari-~-
mental data is explained.

Marenov, A, E, (Institute of Mechanics, ZhTF
Academy of Sciences USSR), An invaesti- ve. 31, no,
gation of the heat exchange in super- 1001-1011

sonic gas streams flowing through a
probe with a laminar boundary layer.

The local heat transfer coefficients in
a supersonic flow of air through a cylin-
drical tube of constant cross section and
a laminar boundary layer ware determined
sxperimentally. It was found that the gas
flow cannot be stabilized over the given
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523.

524,

tube length, with the result that the
heat transfer coefficients are variable,
decreasing from the beginning of the tube
tovard {ts end to the critical value of

the paramster lox. referred to the length
of the tuba,

Lapin, Yu, V, (Leningrad Polytechnical In-

stitute), Mass-heat transfer in turbulent,
compressible flow with the addition of
foreign matter.

A tentative estimate of the effect of the
presence of a laminar flow along a surface
PrgScfi. is obtained. The methods de-
scribed were based on tha assumption that
the mean values of the numbers Pr and Sc
are constant throughout the laminar sud-
layer. Calculations are presented for
cases in wvhich air and helium are usad

as coolants., The general concliusion is
that vhen the coolant is a light gas, the
amount by which the Prandtl and Schmidt

- aumbers differ from unity must be taken

into account,

Kobanskiy, P, N. Forced flow heat transfer

from a heat exchange surface with a reso-
nance system in the wall,

The effect of secondary streams generated
by a resonance system on heat exchange in
forced convection is analyzed. Equations
are obtained for computing the haat trans-
fer coafficient under these conditions,

The results of the thaoretical calculations
and expsrimental observations were comparaed
and showed satisfactory agreement. On the
basis of this comparison, the physical ef~
fects observed on surfaces with resonance
systems in the walls are given a more
accurate description., Limits are found for
the naximum possible intensification of the
heat transfer process by the given method,
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525, Madejski, J. The tharmal laminar boundary Arch MeST
layer at high velocities. v, 14, no, &
865-87)
Heat transfer in a high=velocity fluid
flow over a flat plate vwith constant
temperature is analysed, The laminar
boundary layer equations are integrated
to yield tvo equations which can be used
to determine the thickness of both the
thermal and the hydrodynamic boundary
layers. These aquations can also bde
used in case of variable wall temper-
atures (insulated surfaces).

526, Bronskiy, L. N., and O, N, Kastelin (Power InrFZh
. Engineering Institute, Moscow). Heat Ve $, no, &

transfer on rough and smooth bodiese in 135=140
suparsonic flow, .

Test rasults are presented on investigation
of heat transfez in axisymmetrical planas,
spherical, and ellipsoidal models with
smooth and rough surfaces in supersonic

{up to M=2,77) high=temperature (up to
420°C) jets.

5217, Kastelin, O, N,, and L, N, Bronskiy (Power Enl AN SSSR
Enginearing Institute, Moscow). Heating 233-238
of the front part of blunt bodies ia supsr-
sonic flow,

Two methods vere used to investigate the
heat transfer from a gas to blunt axisya=-
metrical bodies in the vicinity of the
stagnation point: the axponential method
and the method of surface points.

528, Polyskov, Yu, A. A thin~film transducer Enl AN SSSR
for studying heat transfer in dissociated 251~-260
gas flow.

A resistance thermometer consisting of a

’
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2om wide Pt film 0.1 y thick deposited on
the spherical end of a glass tudbe (11 mm in
diameter) wvas prepared by sintering, aftar
coating the tuba with a paste containing
chloroplatinic acid, The film wacs connected
to Pt wires inside the tube and mounted at
the stagnstion point of an axisymmetric
blunt body. Experiments at Mx 4 to 12

wvere conducted in a shock tudbe 350 mm in
diametear and 4.5M long to study the un=
steady heat transfer between the nodel

and a shock vave propagating in air,

529, Yarysktev, N, A. (Institute of Pracision IaFlh
Mechanics and Optics, Leningrad). Cri- Ve 5, noe 4
teria of irregularity of temperature dis- 135-140

tribution and coefficients of the shapes
of bodies in a regular second-order regimse,

The results of a study of nonuniformity
of the temperature distribution and de-
termination of the coefficiants of body
shape in the case of homogeneous iso-
‘eroplie bodies in a regular, second-order
regime are presented, This regime re-
presents heat axchange between a body, or
s systam of bodies, and the surrounding
mediun whose temperatura varies with

time at a constant rats,

530, Koshmarov, Yu, A, Turbulent flow of an in- InrFZh
comprassible fluid in the gap between ro- Ve 5, no, $
tating coaxial cylinders. S=14

A theoretical study wvas made of the hydro-
dynamics and heat transfer of a perfectly
turbulent flow in the annular channel (gap)
formed by two coaxial cylinders rotating
‘with respact to one another. ' The gap is
assunmed to be small compared with the radii
of the ¢ylinders, Both the axial and tan~-
gential velocity profiles are calculated
and the turbulent viscosity coefficient
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established from the results., The thick=~
ness of tha laminar sublayers is deter-
mined from the valuz 2f the total tan=

- gantiel stress on the vall. Formulas odb-
tkined for the coefficients of axial
friction are shown to be in good agres-
nent wvith experimental data. The coeffi-
cient of heat transfer is determined from
the calculated tsmperature profile (n the
turbulent part of the flow,

531;‘§hu1'-nn, 2, P, (Power Bugineering Insci- InFZh
tute, Acedemy cof Sciences, BSSR), Laminar v. 5, no..
boundary layer with heat and mass transfer, 162~104

Aa empiricsl formuld is given for calcula-
‘ting heat transéfsr in a alightly curved body
nf arbitrary shape vhen in & flow of an
incomgressible binary gas mixture, mass
transfer of various subetances takes

place through the walls into the laminar
boundary layer.

532. Chaplina, A. I. (Power Engineering Institute, InF2Zh
Academy of Sciences BSSR, Minsk). An ex- v, 5, no, 7
perimeantel investigation of heat exchange 34-38
of » longitudinally streamnlined plats.

Local heat transfer between a plate and a
longitudinally forced turbulent air flow
vas investigated experimentally. An ex-
prassion was derived which shows that the
ratio of the mean heat transfer coefficient
at the end of the plate {2z independent of
the stream velocity and that the dependencs
of the maan heat transfar coefficiant upon
the stream velocity is analogous to that

of the local heat transfer coefficiect,

533, Polyak, G. L., and V. N. Adrianov (Moscow In¥Zh
Power Engineering Institute), The algebra Ve 5, no, 7
of radiant exchange flows, 70=277
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A system Oof equations wvas derived for cal-
culating the radiant exchaage in arbitrary

systems of nonblack bodies. The analysis
is based on formulas wvhich express the

general properties of the resolving fluxes

ia radiant exchange,

534, Kosterin, S. I., and Yu, P, Finat'yev (In-

535.

-stitute of Mechanica, Acadeiny of Sciences
USSR, Moscow), Heat transfer in a turbu~-
lent air flow between rotating coaxial
cyiindsrs.

Heat transfer from a stationary, electri-
cally heated outer cylinder to a rotating
coaxial ianer cylinder was measured as a
function of the xotation speed and the
rate of alr flow through the annulus be~
twaen the cylinders. Equations are da=
rived for calculation of 1) heat transfer
between the cyiinders, and 2) the tran~
sirion from pure turbulent flow to a tus-
bulant flow involving strong vortices.

Bukhvolstov, A, P.,, and V., Ya, Frenksl',

Temperature distribution over plates ra-
diating heat in vacuun,

" The thermal behavior of circular, reztan-

gular, and square plates with s given con-
stant contour temperature during cooling
by heat radiation in vacuum is analyzed
mathematically, Expressions are derived
which show the interrelationships among
the eontour temperature, the mininmum
temperature on the surface, the geonet-
rtical parameters of the plate, and the
physical characteristics of tha plate
materisl,

- 161 -

InFZh
L) 5; no, 8

InFZh
v. $, no, 8
78-80



536, Mirenov, V. F, (Powver Engineering Tnstitute, InFZh
Acadeny of Sciences BSSR; Polytechnical ve 5, no, 10
Institute, BSSR). Heat and wmass transfer 9~12
frem bodfies to & flow of air.

Reat and mass transfer of various bodies
(sphere, cone, disk, and cylinder) in a
steady turbulent flow and in a pulsating
flow havs been exparimentally investi-
gated in a wind tunnel., Results were ob-
tained in terms Of Nusselt critsrien ve=-

lations.,

537."““‘. V. A.. A. 3. Sukomll. and V, 1. InFZh
Veluko (Moscow Power Engineering Insti- v. 3, no. 11
tute)., Heat transfer in supersonic gas 3=7

flov through a tube with large tempara-
ture gradients.

Local heat transfer coafficiants and heat
fluxes were measured during cooling of air
by water in a brass tube. It was shown
that ths adisbatic wall temperature ratio
which varied from 1 to 3.1 did not affect
the Nusselt number under the conditions
studied, The study was made at the Power
Engineering Institute imeni G. M, Krzhiz~-
hanovskiy, Academy of Sciences USSR,

538, Darilov, Yu., I., and B, M. Galitseyskiy (Mos= - InPZh

cow Aviation Instituce), Gas motion in Ve 5, no. 11
a straight duct with friction and heat 8«11
transfer.

An exact solution was obtained for & gas
dynamics equation describing the motion
of a gas in a straight duct with simul=-
taneous friction and heat transfer, under
the assumptions that the friction co-~
efficient is constant and that the tem-
peratures change linearly along the duct.
The study was made at the Moscow Aviationm
Institute imeni S, Ordszhonikidze.
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53§. Kosterin, 8, I., Yu. A, Keshmarov, and Yu.

V. Osipov, Investigation of rarefied-
gas flov and heat exchange in a flat su~
personic nozsle.,

Heat exchange and frictional resistence

in air are investigated in six nozzles for
Ra/M = 5 to 50. Results are discussad
and showan in graphs.

540, Koshmarov, Yu, A, Heat transfer in a tur-

bulent boundary layer,

An experimental siudy of hesat transfer in
a turbulent boundary layer of a supersonic
flov of a compressible gas with negative

longitudinal pressure gradients 1is presentaed

together with a simple method for caicu-

lating the heat-transfer coefficiant in thae

turbulent boundary layer of a compressible
gas. The results are applicable to heat-

transfer calculations in supersonic nozzles,

541. Bronshten, V, A, On ionization and re-

542,

combination processes in hot air.

Ionization of air atoms behind very strong
shock waves (such as are formed behind
weteorites passing through the atmosphere)
ard recombination are discussed for hydro-
gen-like and compound atons and ions. The
lonization and recombination 3scefficlents
are determined.

Kostezin, S, I., Yu, A, Koshmarov, and N. M,

Gorskaya. Experimantal investigation of
heat transfer on a flat plate in a supexr~
sonic flow of rarefied gas,

The temperature and average heat transfar
cosfficients of a plate are measurad in

a supersonic flovw at a zero angle of attack
at M = 2,6 to 3.2 and Re = 20 to 240,

- 163 -

InFZh
ve 3, no. 4
3=9

InZh
ve 2, 0o,
"41-54

InZh

V. é, no. 1l
163-170

InZh
Ve 2, n0. 2
263-269

1



543, Repik, Ye. U,, and V, Ye. Chekalin. Con=- IaZh
vactive heat transfar in suparsonic con~ v, 2, no, 2
ical noszlaes, 359=364

Heat transfer was studied experimentally
in a specially designed apparatus. The
teste wers conducted at 4 to 5 atm, 695
to 7935°K, and a nossle-outlet velocity of
e 5,

544, Arcsemonov, K, I., and I. G. Krutikova., Ther= IzAN MeMa
moacoustic instability of an inhomogeneous no, 3
gas flow, 19-23

‘self-excited oscillations in a one-dimen-
sional uniform gas flow with evenly dis-
¢cributed internal heat sources are dis-
cussed for the cases of constant and vari-
able temperature gradients. 1In the firsc
case, the flow is steady; in the second
cass, self-sustained oscillations occur
due to interaction of the pressurs and
entropy waves.

545, Litvin-Sedoy, M, Z. Limitation of oscil- 1zVUZ, AeT
lations in aircraft asutopilot systems. no. 2
39«47

An anaiytical method is presented for
deriving a lincar system control law for
producing the desired limitation of con=-
trolling coordinates when disturbed mo-
tions are caused by specific instanta-
neous initial deviations of variable
systems. The above {8 related to air-
craft-autopilot syatems, in which a
specific restriction of oscillations of
disturbed motion and maintenance of
asymptotic stability of the motion are
required. The method is based on eval-
uating the maximum value of the solu~-
tion of a steady linear homogeneous dif-~
ferantial equation with constant coef~-
ficients at given initial conditions,
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546, Yeh, T'len-ch'i. Determlning unsteady
* temperature fields in atructures in
transicent flight regimes with regard

to thermal radiation.

The generation of unsteady temperature
fieids in airoraft structures by kinetlc
heating at high altitudes and large Mach
numbers is discussed, taking account of
heat radiation., An approximate finite-
difference procedure, convenient for
practical caloculations, 1s used, Results
of a sample calculation for a steel air-
oraft in accelerated flight (from M = 2
to M = 5 in 90 sec) at 1500 m altitude
are presented,

547, Yasinskiy, F. G. Analysis of heat flow
through a three-layer plate,

Heat flow through an infinite plate
consisting of a metallic sheet with a
neat-resistant (for example, ceramio)
coating on its outer surface and an
insulating coating (for example, fiber-
glass) on its inner surface was studled
without considering heat radlation., The
cumbersome formulas obtained can be
simplified for given heat capacities of
layers,

548, Dolomanov, Ye. G. Inversion phenomena in
supersonic flows of real gases.

It is shown that impact temperature inver- .

slon must occcur in compression shocks; in-
correct results are possible if this fact
is not taken into account in calculating
the deceleration temperature vehind the
pressure shock in real gases.

549, Kudryashchev, L. I., and I. A, Gusev, The
effect of nonstationary pulsating gas flow
on heat-transfer characteristics.

-
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An snslytical and experimental study has
been conducted on the effect of unateady
pulsating gas flow around a body on heat
transfer. The effect of flow velocity and
of the amplitude and frequency of pulsa=-
tion vas examined, The used equipment

and investigation method aras describdbed,
and results are discussed in detail,

550, Suksov, I, I. An approximate method for Iovuz . Avr
caleculation of steady high-temperature no. 2
gas flow, 159-167

A study has been made of a high-temper~-
ature gas flow in the presence of dis~-
sociation and ionization. Equations of
4 steady flow with heat transfer are
derived, an approximate grapho-analytical
method is developed, and the effect of
luminosity is discussed in detail. For
evaluation of the combined effect of
Mmvective heat transfer, luminosity,
and friction, a numerical example of

a turbulent isentropic flow is given.

551, Alishaev, M G, (Moscow). Forced convection PMMa
of a viscous compressible gas near the v, 26, no, 1
heat source. 187-189

Forced convection in the neighborhood of

a heat source placed in a homogeneous flow
of a viscous, heat conducting gas is studied.
The approximate boundary layer theory is
used, and it is shown that the problem can
be recduced to the corresponding problem
for incompressible fluids by means of the
Dorodnitsyn transformation, if the tem-
perature dependence of viscosity is con-
sidered in the form given by Chapman=
Rubesin, and if the Prandtl number is
taken as a constant,
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552, Zerubic, V. S. Calculation of tempsraturas Voprosy
in two=layer metal plates. Mekhaniki, Sb.
127-137
The unsteady heat transfer aquation for
a vall consisting of two metal plates
and an intermediate layer of insulating
material is solved by means of Laplace
transformations to yiald a spaca-time
relationchip for the wall tamperatures,

553.Fetrashitskiy, G. B., and V, I, Polezhayev, Teploenargetika
An engineering method for calculating v. 9, no. 2
nonstationary processes of hsat con- 73=76
ductivity in thin nmultilayer walls.

Derivation of a solution to ths one-
dimensional heat transfer equation with
third-order boundary conditions is ob-
tained., The solution method is {llus~
trated, and results are presentad for
the case of heat transfer in thin,
laminated plates.

554, Fedorov, I. G,, N, S, ldiatuffin, V. K, Teploener-
' Shechukin, and G, A. Mukhachev (Kazan' . getika
Aviation Institute). Heat transfer and ve. 9, no, 6
hydraulic resistance of slit channels 57-60

with & checkered distribution of conical
indentations.,

Experimental investigation of heat-exchange
slit channels is presented. Equations are
given for the evaluation of heat exchange
over the range Re = 750 to 18,000 and for
hydraulic resistance over the range Re = 750
to 20,000,

555, Bulyeyev, N. N, A theoratical model me- Teploperedacha
chanism for turbulent transfer inm fluid 64-97
flow,

The proposed three-dimensional heat~- and
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mass-transfer model is based on the use

of nine~component turbulent stress vectors
for mass and heat transfer. The velocity
profile ia a rectangular duct at a given
distance from the inlet section, and the
velocity and temperature profiles in a
tubas wvere datermined on the basis of the
nodel.,

556 Poruvchikev, V. B, Temperature of the leading VeMoU MMe

ecys of a plate in aerodynamlc heating. ﬁ°° 1
T=52

The laminar doundary layer in a steady

compressible gas flow past a semi-infinite

thin plate 1s discussed and the time

dependence of the temperature of the 1ead—

ing edge is analyzed, taking aoccunt of

heat flow through the leading edge,

557, Rumynskiy, A. M. (Moséow). The effect of ZnPMeTF
diffusion of radiant components on con- no, 2
vective heat exchange, 50-58

Gas-dynamic hypersonic-flow parameters of
the boundary layer in the region of the
forward stagnation point of an axi-
symmetrical blunt body are analyzed with
regard to diffusion effects, and libera-
tion of heat~-radiating gas from the body
surface. The energy equation is used to
derive formulas for determining the pa-
rameters of convective heat transfer in
the vicinity of the stagnation point.

558, Kaganov, M, A,, and Yu, L. Rozenshtok. On ZhPMeTF
the temperature of bodies in a medium no, 3
with pulsating heat emission and temper- 90-92
ature,

The temperature fields in an infinite
cylinder and a sphere placed in a medium
with harmonically varyling temperature and

- 168 -



559,

heat emission are discussed, taking account
of fluctuations in their amplitudes and
mutual phase shift,

Onufriyev, A. T. An approximate study of

the problem of flow of a radiating ras
about a plate of finite lenpth.

It is demonstrated, by using a flat plate
a8 an example, that the heat flow to a body
in & stream of high-temperature gas depends
on the ratfio of the radiation period to the
dimensions of the body.

560, Vaulin, Ye, P,, and N, N, Gvozdkov. On

561,

diffusion cooling of a porous plate in a
gas-dynanic flow by injectlon of fluid
with physicochemlcal reactlons into the
lapicar bcundary layer.

The process of heat exchange in &a porous
plate with injected fluid is examined,

and the laminar-boundary equations are
analyzed, taking into account the physico-
chemical transformations and diffusion of
reaction produsts and evaporation lnto

the gas flow,

Grishin, A. M., and 0, M, Todes (Saratov

Polytechnical Institute), Thermal ex-
plosion in the presence of haat transfer
by convection and conduction.

A theoretical analysis was made to estab-
lish the accuracy and applicability of the
formula previously derived by the author
as a criterion for thermal explosion on
the assumption that heat removal takes
place by convection only,
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562. Motulevioh, V., P, Turbulent heat and mass InFZ
exchange on a plate with suction or ve 6, no. 1
injection of various gases, 3-13

A theoretical analysis of the effect of
suction or injeotion of various gases
through a porous plate in a gas flow on
the heat exchange and friction in the
turbulent boundaxry layer is presented,

563, Romanenko, P. N., and V., N, Kharchenko, InFZh
Effects of transverse mass flow on drag ve 6, no, ¢
and heat exchange in turbulent compres- 52= 5

sible gas flow,

Experimental data on the effects of in-
Jeotion of various gases (air, helium,
ocarbon dioxide, and freon-12) through a
heated porous plate into a2 turbulent
dboundary layer of hot air (450 to 550°K)

on heat exchange and drag are presented.
Potential flow velogity was 25_to 75 m/seo,
Reynolds numbers 102 to 5 x 109,

564, Motulevich, V. P, The effect of removal or InFZh
injection of substances through porous ve 6, no, 4
valls oa heat transfer to blunt bodies. 9=-15

An analysis was made of incompressible
fluid flow past the stagnation area of

a4 blunt axisymmetrical body through

whose walls a fluid is injected or, by
suction, withdrawn from the main stream,
A general heat transfer formula in terms
of the GCauss function and cthe ratio of
the Nusselt numbers for porous and {m=-
permeable walls was derived. It is

shown that the formula yields results
which are in good agreement with values
calculatad by Hartnett and Eckert, who
used a laborious numerical method, The
solution for the injection of a fluid
having differant physical properties than
the main flow showed that fluid injection
decreases heat transfer; the effect of
injection increases with an increase in
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the spacific heat of the injected fluid
and with a decrease in its thermal con-
ductivity and density.

565, Usanov, V. V. Possible solutions of InFZh
thermodynamic equations for viscous v. 6, no, 4
gas flow with heat transfer. 22-26

A system of equations in terms of gas-
dynamic influence coefficients de-
scribing one~dimensional gas flow with
allowvance for {riction and heat transfer
through the wall is considered., Pos~-
sible methods of solving the equations
are discussed. 1t is shown that in case
of intensive heating, the effect of heat
transfer on tha friction factor must be
taken into consideration.

566, Kudryshev , L. 1., and V, K. Lyakhov., The InFZh
dependence of heat trangfer coefficient v, 6, no, y
on longitudinal and transverse noniso=- 56~6b

thermicity in turbulent fluid flow,

An analysis based on a two-boundary-layer
model was made to derive generallzed
relationships for turbulent heat transfer,
with allowance for transverse and longi-
tudinal variations in physical properties.,

567, Chervyakov, S. S. (Institute of Heat and Mass InFZh
Transfer, Academy of Sciences BSSR). An v, 6, no, 8
experimental study of the influence of vi=- 10-14
brations on heat and mass transfer of a
cylinder and a cone in turbulent air flow.

Experimental data were obtained om the
influence of vibrations on the heat and
mass transfaer of a1 cylinder and a cone
under various flow conditions., The pro-
cedure and method used in the experiments
are the same as those used by Chervyakov
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568,

569.

570.

with a sphere (InFZh,no, 6, 1963), The Re
number varied from 2.8 X 10%to 7.6 X 10%,
the degree of turbulence of the air flow
varied from 2.4 to 3,2X, and the tempera-
ture 40°C, The frequency of vibration of

a4 test modal was viried from 9 to 16,5 cps
at an amplitudc of 12 nmm,

Dolinskaya, R. A, Bibliogrsphy of heat and

mass exchange.

This bibliography lists 11 books, includ~-
ing two translations and 250 Soviat jour=
nal articles, most of which were published
in 1962-1963. The subjects include.math-
ematical methods (29 articles), experi-~
mental methods (35 articles), superhigh
speed processes (7 articles), thermo~-
physical and thermcdynamic properties

of materiale (15 articles), physics of
high-temperature processes and magnetic
hydrodynamics (64 articles), processes in
nuclear reactors (14 articles), and pro-
cesses and apparatus (31 articles).

Kozlov, L, V. An experimental investigation

of surface friection on a plate in super-
sonic flow with heat exchange.

The values of local surface-fricticn
coefflcients on a plate at zero angle

of attack 1n subsonic and supersonic
flows with extensive heat exchange
between the plate and flow are experi-
mentally determined, Brief descriptions
of the surface-friction transducer and

of the testing technique are given. An
empirical formula is obtained for calcula-
ting the friction coefficient in a turbue-
lent flow over a wide range of Mach and
Reynolds numbers and temperatures.

Tagirov, R, K, (Moscow). Calculation of

heat fluxes in the flow of two different
supersonic streams about a step.
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A method is developsd for calculating the
base enthalpy and base temperature in the
flow over a flat or round back—step by
two differsnt supersonic streams having
different Mach numbers, total pressures,
and stagnation enthalpies.

571, Tirskiy, G. A. Heat transfer to cylindar IgAN M¢
in flow of dissociating air. no. 6
125-130

Formulas are derived for conlculating two
cases of specific heat fluxes to the
leading edpe of a swept=back wing (cylin-
der of infinite leagth) in a flow of dis~
sociating air: 1) squilibrium disscocia=~
tion in the boundary layer, and 2) "frozen"
flow over ideal catalytic and noncata-
lytic surfaces. Ths determination of the
flow in the boundary layer in the vicinicty
of the leading edge of the cylinder, with
the recombination of alr atoms in the
relatively cool boundary layer takenm into
account, is reduced to the solution of the
boundary problem presented by the author
in a previous work.

572. Nikitenko, N, I. The numerical solution of IzVUZ, AVT
&8 temperature field problem, no. 1
2632

The problem of determining the nonstationary
temperature field in a moving medium is
studied. The problem is reduced to the
solution of a heat propagation equation;
it is proposed to do this by the method

of numerical integration., The method is
{llustrated by a solution of the problenm
of the tamperature field of a laminar flow
in a circular tube. It is shown that the
numerical solution results are in good
agreement with Nusselt's analytic solutiom
of this problem,

573, Sozin, Yu. A, Heat transfer during pulsed ;?ng,IWT
flow of an incompressible fluid. 102-110
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An analysis was made to derive relation-
ships vhich can be used in the design of
hcat exchangers with pulsed flow of in-
compreassidle fluid, The effect of the
acalinesar relationship between the heat
transfer coafficient and sinusoidal flow
pulsations was expressed by the formula:

Sa = sa 108X = =4(U') X
¢,

wvhere Sa is the relative change in the heat
transfer coefficient; Aa, the absolute
change in the heat transfer coefficlient;

a;, the heat transfer coefficient under
steady flow conditions; and U', :he rela-
tive amplitude of flow velocity pulsations.
The formula shows that, compared with staady

flow, flow pulsations caused a decreaase in
the average heat transfer coefficient,

57h, Sozin, Yu. A. An experimental study of IzvUzZ, AvT
convective heat transfer in pulsed flow no. 3
of an incompressible fluid. 87=91

A study of pulsed heat transfer has beesn
made in an annulus 276 mm long, Results
for steady and pulsed flow are given. It
18 concluded that the majority of the ex-
perimental points for pulsed flow are lo=-
cated below the line calculated for steady
flow, so that flow pulsations generally
reduce the heat transfer. At low and
intermediate pulsation amplitudes, pulsed
heat transfer is not more than 4——5% lower
than under steady flow conditions; this

{s within the limit of experimental error,
Therefore, pulsed heat transfer can be

calculated by conventional methods for
steady flow.

575. Shlanchiauskas, A,, I. Zhiugzhda, and A, Mokslas ir
Zhukauskas, Heat exchange in a bound- Technika
ary layer, no, 4
34-35
Relationships for calculating heat ex~-
change when the properties of a fluid
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are changing were derived by measuring
the velocity and temperature fields in
the boundary layer dver a heated and
coolnd plate in oil and water jets,

576, Kutateladze, S, S,, and A, I. Leont'yev.

577,

Protecting bodles by a ecooling turbulent
bouricary layer,

The provlem of protectinz bodies in

a hih-temperature gas flou by forning a
¢old boundary layer on them 1s discussed,
The cooling boundary layer 1. established
elther by extensive cooling of the front
portion of the body, or by making this
portion porous (or with slits) with
injection of cold gas.

Panevin, I, G., and P, P, Kulik. A

method for experimental determination
of the coefficient of thermal conduc~-
tivity of a high~temperature gas.

An experimental method is presented which
is based on the fact that regardless of
the conditions in a flow around a blunt
body, the strecm in a small area around
the critical point is always laminar.
Since heat transfer transverse to the
laminar boundary layer is due only to
molecular heat conduction, measurement

of the temperature profile in the bound-
ary layer near the critical point and
determination of the heat flux at this
point yields the value of the coefficients
of molecular thermal conductivity in a
larger range of temperatures :-han pos-
sible heretofore., The experimental

set-up has been desc.ibed elsewvhere

(V. B. Tikhonov, Ye, A. Yakovlev,

Sbo tr. MAI. A. VQ Kva‘nikov’ ‘d.
Oborongiz 1960). The experimental
results agreed within 92 at T = 12,000K
and 5% at T = 14,000K with approximate
theoratical values calculated by the
method of W, Lochte-Holtgreven (Repts,
Progr. Phys. v. 21, 312, 1958), It

is pointed out that the method is most
effective at high pressures. Orig. art.
has: 7 figures and 3 formulas,

-
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578, Katateladze, S, S., and A. I. Leont'yev. Teplofizika

The effect of gas dissociation on Vys Tm
friction and heat exchange in a turbu-~ v. 1, no. 3
lent boundary layer. 458-460

The frozen-fiow pattern of a dissociated
gas is used in examining the effeat of
changes in density distribution (caused
by dissociation) in the boundary layer.
An expression for the limit law of
friction in the dissociated gas boundary
layer is derived and theoretical results
are compared with experimental data.

579, GribKova, S. I., and L. S. Shtemenko (De=  VeLUMMeAs
partment of Molecular Physics, Moscow no. 3
State University). Cstimation of the 11=17
effect of sccond-order approximation
terms in temperature—~jump experiments,

Comparative evaluations are presented of
the haat flow parameters obtained in the
first- and second-order approximations by
using empirical data obtained at the
Department of Molacular Physics of the
Moscow University in investigations

of viscous-molecular flows of rarefied
gases., The heat flow is represented in
the Burnett approximation. A quantitative
estimate is also given of the effects
caused by taking account the second-order
terms on the temperature jump in the
interface between the gas flow and the

solid.

580, Rosenshtok Yu, L. (Leningrad). The problem ZhPMeTF
of thermal conductivity wdth time~dependent no, 1
heat transfer coefficient. 136-137

A solution of thermal conductivity problem
by an approximate integral method is given
for the case of linear and exponential
varjation of the heat transfer coefficient
and the ambient temperaturec.
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4581, Kutateladsze, S. S. (Novosibirsk): A, I.
Leont'yev (Novosibirsk); N, A. Rubtsov
(Novosibirsk). Evaluation of the role
of radiastion in calculating the heat
transfar in a turbulent boundary layer,

Heat transfer by radiation and convection

in a turbulent boundary layer was analyszed.

Thermal radiation from a high-temperaturs
gas affects the temperature field in the
boundary layer and consequently the con~-
ditions of heat transfer by conduction
and convection,

582, Murzinov, I. N. (Moscow., Heat transfer at
the stagnation point of a blunt body at
low Reynolds numbers.

On the basis of an analysis of hypersonic
flow around a sphere, a parameter N = Rpk?2
is defined which determines the stagnation=-
point heat transfer at low Reynolds numbers,
where Rp is the Reynolds number related to
stagnation conditions and k is the ratio

of densities at the shock., A system of
equations of motion and energy in the
stagnation~-point region is solved numer-
ically by the Kutta-Runge method, and the
results show that the heat flow depends
almost exclusively on the parameter N,

563, Volosevich, P, P,, S. P, Kurdyumov, L.N.
Busurina, and V., P, Krus (Moscow). Piston
problem in an ideal heat-conducting gas.

A one-dimensional problem of piston motionm
in an ideal gas with given conditions on
the piston is discussed. The self-similar-
ity solutions are compared with numerical
solutions of a system of partial differvren-
tial equations, under the same initial and
boundary conditions,
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584, Punchkovskiy, V., V, Features of heat and mass InFZh

trensfer in the presence of a heat source Ve 7, N0, 1
vhich is dependent on temparature and mass 66-70
content.

A system of differential heat- and mass-
tranesfer squations for an infinite plate
with sn internal heat zource is solved.
1) The problem is examined as applicable
to & moist dielectric plate in an alter-
nating electrical field and is restricted
to the internal problem, assuming the tem=-
perature of the medium and the moisture
content to be constant. The process is
governed by the heat and mass transfer
characteristics and similarity critertia,
as wvcll as by the varying output of the
internal heat source, which requires the
introduction of dynamic criteria. The

ainimum electric field strength producing
thermal breakdown is given. ¢) Finally,

the mean value of the moisture content is
found for the steady-state ragime, which
is in equilibrium only when the argument
for a thin plate is vanishingly small.

585. Murzinov, I, N. (Moscow). Temperature-
profila similitude in bodies moving IZAF Helia
freely in the atmosphere with super- no. 1
sonic velocities at extreme altitudes, 115-120

The similitude of the temperature profiles

in bodies entering the atmosphere at extremely
high velocitles 18 considered. It 1s shown
that the temperature profiies for most

of the orbit are determined by only one
parameter so long as the velocity is
practically oconatant, Similitude para-

meters for the temperature profiles in the
presence of ablation and physicochemiocal
transformations in the body material are

discussed.

586, Kalashnikov, V., N, On the stagnation tem=- ZhTF
perature of a two-phase turbulent jet in ve 34, no. 1
a high velcucity gas stream, 1746=-182
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If liquid is injected into a fast gas straam,
the material in the resulting turbulent wake
may lose thermal energy more rapidly by

heat conductivity than it gains kinetic
energy from the gas flow, with the result
that the stagnation temperature in the

wake may be lower than either the inftial
temperature of the liquid or the stagnation
temparature of the gas. This phenomenon

is investigated theoretically both for a
plane parallel jet and for an axially sym~-
metric jat,
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B=2 AEROTHER!1AL STRUCTURAL RESPONSE

587, Danilovskaya, V., I, (Moscow). An approximate

solution of the prodlem of a steady tem-
perature field in a thin shell of arbitrary
shape.

An approximate solution to the problem of
the steady temperature field in a thin
shell of arbitrary shape and constant
thicknans is presented.

538, Tirskiy, G. A. Ablation of a heat-conducting

wall behind a moving shosk wave,

An exact aolution of the ablation problea
of a flat wall bdehind a normal shook
moving in a Quict gas with a constant velo-
city parallel to the wall is presented,
The motionsof the molten-metal f£ilm and of
both its interfacesarc analysed, ¢t

account of heat conduction into the wall
and disregerding evaporation of the film,

‘_)6'). Gor‘ba'n'l; “. ,.’ and L. n. Wo

530,

An
experimental atudy of the melting of
bodies in a hot supeisonic gas flow.

The ablation-testing conditions of

oconical and oylindrical (lead and alu-

minum) specimens, with and without ahiel-
d%.gg‘ under flow temperatures up to

p | C and speeds up to 2,7 N are explained,
the rimsntal data are presented, and
the ablatiem wmechanism is discussed,

Danilova, I, N, The temperature field in an

infinite hollow c¢ylinder when the ambient
temperature varies according to a broken-
line law.

The temperature distribution in an infinite
annular cylinder' warying with the ambient
temperature on its outer surface according

to a broken-line law, and with constant tem- -
perature on its inner surface is investigated

by means of an operational method,
- 180 -
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591, Kastelin, O, N,, Ye. A, Mit'kina, and
A. 8, irvdvoditolav. Melting of bodies IzAN En AVET
in supersonic flows, n:a;a
180-141

Some experimental results on the meiting
of sclids in supersonic flow (Mach muxber
1.7, temperature 88 to 89°C) obtained

with. nodels made of Wood alloy. The rate
of ablation, the heat emission coefficient,
and the location of the moat intensive
disintegration are determined.

592, Sokolova, I, N, (Moscow). The calcuvlation of IZAN En AvtT
the héating of shells at high velocities. no, 3
90~94

An approximate solution is found for the
heating problem of shells stablized in a
flow of gas with variable velocity, pressure,
and density.

593, Vatashin, A, B, Ablation of a plate in a

supersonic or high-temperature gas flow, IzAN MeMa
no,
The problem of ablation and sublimation 7-13

of a semi-infinite plate is investigated
under the assumption that the ratio of
products of density and the coefficient
6f dynaaioc viscosity in both the 1liquid
and gaseous phases (of the plate material)
has al value., The solution odbtained
is generalized for the case when a

of the heat flux is conducted into the

body.
594, Babichev, A, I. Selecting the optimum porouse IzAN Meﬁa
cooling regime. no, 6

47-14
The problem of finding that rate of fluid 147-139
injection in porous cooling of an airfoil
which will ensure a minimum heat flow through
its skin 1s discussed., A porous plate with a
constant surface temperature in a steady
uniform gas f.iow 1s usec as a model.
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595, Seaniawski, A, Certain dynamic problems of Arch MeSt
perfect partly dissociated gascs, :é 1i§6no. ]
3-

Certain problems of the dvnamics of ideal

gases containing narticles sudbject to dis-
sociation are studied. The analysis of de-
composition pnenomena is approximated by re-
placing a gas mixture in which one of the gases
disan~iztes 1in accordance with the chemical
foomulaAB s A + B, by a simplified model which,
in turn, permits substitution of an equation
which is analogous to the equation of phase
change for the complex Quldberg-Wage chemicale-
equilidbrium equation. The equations of state,
thermal functions, and isentropic equations
developed for this model are presented.

596, 'Tirskiy, G. A, Ablation of & semi-infinite DAN 88SR
body in plane and axisymmetric incompres- v, 132, no, 4
sible gas flows, 755-786

A procedure is presented for obtaining

exaoct equations ?cloribing & ste

ablation regime (with a constant abla-

tion rate) near the stagnation point and
- methods for solving them are outlined.
The golnibiliey of generalizing these

solutions for & ocapressidle gas flow
with variable vinoootty and heat-condue-
tivity coveffioients gn the gas -and in
the molten-mstal film) is ocated,

597. Prokof'yev, V. A. (Department of Aeromechanics Ve MoU MMe
and gas dynamics, Moscow State University). no. 2
The theory of forced harmonic small-amplitude 33=-52
pressure-wave propagation based on gas-dynamic
Euler esquations with radiative heat transfer
taken into account, (I)

In this part (see item No, 538), ihe absorp-
tion, dispersion, and rate of propagation of
harmonic compression waves in a perfect com-
pressible fluid are investigated under such
conditions and at such frequencies that the
Bouguer "wave" number and the product of the
Bouguer and 3oltzman "wave" numbers can be
either small or large quantities,
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€98, Prrokof'yev, V. A, (Department of Aeromechanics
The theory of forced harmonic small-amplitude
pressure-wave propagation based on gas~dynamic
Euler equations with radiative heat transfer
taken into account. (II)

Ve MoU MMe
no.
31y

In this part (see item No, 597), the absorption,
dispersion, and propagation rate of pressure waves
are discussed in a general case, with arbitrary
valuses of the Bouguer and Boltzmann "wave" numbers,

599.POPOV, N. N. (Department of Wave and Gas Ve MoU MMe

dynamics, Moscow State University).
Pisconptinuity propagation in the presence of
& heat source,

The problem of diacontinuity propagation 1is
studied. A general expression for the velocity
and a formula for the early stage of motion are
esteblished, i

600.Kisclev, K. A,, and A, I. Lazarev. The temper-
ature gradient of an infinite plate with
variable heat loss coefficients in g2 medium
of varying temperatures,

An analysis is presented of the problem of the
heating (or cooling) for 2 hr of a plate of in-
finite thickness with boundary conditions of he
third kind that are symmetric relative to the
plane bisecting the plate.

601, Vulis, L. A. (Kazakh State University), and
Kashkaiov, V. P. Local redistribution of the
total energy in the boundary laver of a com-
pressible gas at tie surface of a burning body.

The effact of a local redistribution of the
total energy (the sum of the kinetic energy and
the ohysi.al and chemical enthalpy) in the
boundary layer of a compressible gas flowing
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o

parallel te a plane surface, when a heterogeneous
rate of reaction, is studied. The possible
generalization of the results 1s considered, along
with their application to turbulent flow.

1961

602, Yeroshenko, V. M., M, G. Morozov, V, P, EnI AN SSSR

603,

Matulevich, Yu. N, Petrov, and V. S, Pushkin., M. 1961
A gas-dynamic device—=NT-14 interferometer, 51=59

The. Laboratory of Combustion Physics of the
Academy of Sciences USSR has built a universal

NT «14 gas-dynamic testing device for shapes in
subsonic and supersonic gas flows with sublima
ation, ablation, erosion; porous and local supply
of various coolants; and with chemical reactions

in the flow as well as on the surface of the body
in the flow.

Petrov, Yu. N. Cooling of the leading face of Enl AN SSSR

a cylinder in supersonic flow with coolant gas M, 1961
feeding. 89-93

An experimental study was made of a super-

sonic flow (M = 1,7, static pressure = 0.2 atm)
along a c¢ylinder with a front face having a 2-mm
opening in its center through which various
dases (nitrogen, hydrogen, and argon) were fed
into the boundary layer,

604, . Artyukh, L, Yu,, L. A, Vulis, and V., P. InFZh

« Flow of a gas burning on v. &, Do,
the surfac: of a plate. ss-h! ’

A homogeneous, compressidle gas flow

| g;:t & burning plate is investigated,

previous research results in this
field are generalised and supplemsnted.
A laminer boundary layer along the plate
is assumed; a normal advance of the
turning front on the plate surface is
disregarded because of the low burmn-out
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rate of the s0lid phase., The ignition

and extinotion associated with variation
of Nech mmbders are discussed. The protlem
18 regarded as a limit pattermn of the

high-speed motion of & in the athes-
phove, ‘ . .
605. Shakhov, Ye. M, One-dimensional unsteady InFzh
haating and nelting of solid bodies ‘Yo 1, mo, 3
moviang longitudinally to their flat 46-59

surface in a gas.

A twvo=dimensional mathematical mcdel tis
used to solve heating and melting problems
aad evaluate the influence of practically
significant factors in this case.

606, Shakhov, Ye, N. Bvaporation of a solid InF'Zh. :
' absorbing radiant energy. ;; ;6 no. &

The one~dimensional problem of the
ovaporat:loa of a solid heated by the
absorption, radiant energy is discus-
sed, as that the flow of radiant
energy is abdbsorved on the surface of
.the body and is squivalent to ths heat
flow at the boundary (bdoth depend on
time and on the surface tomperature of
the body). Two cases of evaporation:
into a vacuum and into a perfect gaseocus
medium are oonsidered,

©07. ‘Tirskiy, G, A, Ablation of a body and vapori- ;o
sation of the melt at the stagnation point no. ?
and line in dissociated air flow, 39-52

Ablation of a dilunt body in dissociated-
air flow at stagnation point (axi-
fumeic ocase at the stagnation
1ine (plane case) with evaporation of the
molten-metal film and heet absorption by
the body taken into account is discussed,
et arbitrary dependence of therwmeo-
‘physical body paremsters and molten-
nateria’l viseesity on the temperature,
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608,

Tirskiy, G. A. Ablation of the leading

edge of a swept-back wing in a hypersonic
flow,

Thermal disintegration of the leading edge
of a svept~back wing in hypersonic flow 1s
studied, Equations describing the disin-
tegration process aud an approximats for-
mula for ablation rate are presented,

609. Sanochkin, Yu. V, (Mathematics Institute,

Academy of Sciences USSR). Thermal iom=
{sation and slsctrical conductivity of
gas mixtures.

General formulas for the initial and suc~-
cessive thermal fonization of gaseous
mixtures vere derived and snalyzed. The
effects of introducing impurities imnto

the gas are evaluated. As an example, the
degree of ionization and ths electrical
conductivity of the gas behind a shock
wave propagating in argon containing small
amounts of cesium and aluminum are deter-
mined. Calculated and experimental values
were found to agrees,

610, Tirskiy, G. A. Sublimation of a blunt

body at the stagnaticn point in a plane
and axisymmetric gas-mixture flow.

An exact aolution is given for the
problem of equilibrium and ronequilibrium
sublimation of a dlunt body in the viocinity
of the stagnation point with an arbitrary
dependence of physical properties of the
body on temperature. The temperature
profile in the body is detemined by
quadratures. The solution of any specifie
problem in the general oase is reduoed

to the sclution of a system of three
finite equations for dete the
consentration, tmor‘t\u‘ on front
of avaporation, the rate of ablation,
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1962

611. Juagovweki, W. (Institute of Aerodynamics, Arch MeSt
Technical University of Warsaw), Methods v. 14, no. 3/4
" for ecaleulating stagnation tempersture ia  491-30)

a hyparsenic gun tunnel.

An enalysis of phenomena ia a gwn tunnel
(with a description of the method derived
by Cox and Winter [AGARD Report 139)) 1o
presentesd. A simplified method for cal-
culating ths stagaation temperature is
briefly descrided.

6l12. Sotikov, 1, A., and L. N, Bronskiy. Experi-
‘mental study of heat exchange in ablation
" of matal and in molten-metal injection
through a porous wvall in a supersonic flow,

A study was made of heat exchange on the
surface of the flat front faceplate of a
hollow glass-reinforczed textolite cylinder,
16 mm in diameter, bdeing covered with a
film of molten tin in a longitudinal super-
sonic flow, The sources of the metal film.
weret: 1) a tin rod protruding through the
center hole in the cylinder faceplate into
the hole and meltad by it, and 2) moltea
tin fed uander pressure through a porous chto-
mius plug inserted in the same hole,

613. Ohakalev, K, N, Heat flow in ablation

IaPZh

ib-ih no, &

melting of a plate. v, 3 no, &
25-30

An approximate analytical investigation
of the heat-exchange in an infinite plate
of constant thickness placed in a medium
with a temperature higher than the melting
;::nt of the plate material is presented,
molten material is continuously
removed from the solid remainder cf the
plate so that a moving melting plane is
formed. The dependence of the instantan-
eous temperature at an arbitrary t
in the solid on the position of
nelting piane is examined,
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ol4. Neyland, V. Ya. On the effect of radiative InZh
heat exchange on ablation at the stagnation v, 2 . )
point of a blunt nosed body. 2!7-&31

The effect of thermal radiation in the
boundary layer on ablation at the stag-
nation point of blunt nosed body is
analyzed, The influence of radiation on
othexr flow regions is accounted for by
setting appropriate boundary conditions

. for the gas temperatures on the outer
imserface of the boundary layer and:* .
far the onocoming radiation flux.

615, Shakhov, Ye. M, Determining the constant In2h
v melting rate of a semi-infinite solid. Y, Chgo. &
237~

A quasi-steady regime of melting of a
semi-infinite body in a high-temperature
gas flow 1s disocussed, assuming immediate
removal of molten material., Approximate
asymptotic expressions for the rates of
ablation and of heat conduction into the
"s0lid are derived for arbitrary initial

conditions.,
016‘ Votlut.kiy. V. N.. and A, T, on\l‘rt,.'o ZhPNs TP
Cooling of radiating gas flowing in flat a0, ¢

duct. 3"3‘

Heat transfer during the cooling of a grey
radiating gas flowing in a flat ducc {s
anslyszed by a previously Jdeveloped dif-
fusional approximation method. It is as~
sumed that: 1) the gas is ideal; 2) the
streamlines are parallel wich the duct
axis; and 3) the flow velocity is limited
by the relationship M2<<l, Heat transfer
by molacular and turbulent conduction is
neglected. The system of equations wvas
solved by A. A. Dorodnitsyn's method of
integral relations. Heat-flux profilas
along the duct were also obtained for

the case vhen 2 cool gas is injected asloag
ths wall in & direction parallel to the
hot gas flow, As an exsmple, the wall
temperatur. and heat flux profiles slomg s
duct 100 cu wide were calculated omly feor
air flows at 10,000°k, at 10 snd 100 atm,
and radiation cooled.
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617. PMeshanov, A, S, Ablation of centrosym- nTy
metric solids by heat-flow, Y, Bﬁlno. ) §

106-
An approximate method is presented for
destexmining the law and parameters of
tie motica oamused by ablation
of molten material in a heat now.gut _
osntrally symmetric dbodies, A qualita-
tive solution is reduced to determining
only one dimsnscionless oriterion inde-
psndent of the melting temperature which
charecterises the whole process. It is
alsc indicated how to use the method
ofiered for solving Stefan~-type prodlems
when heat flows on the boundaries of
bodiss are given, ‘

618, Nesgovorov, L, Ya,, and V. I, Prosvirin, ':}19'2%
Disintegration of hot metals and alloys ¥, 0, no, 2
in a hypersonic air flow, 51 .
High-temperature (up to 1500°C) oxidation
of metals and alloys in lgeod up to -
* M= 3) air flows, acocom ed by corrosion,
‘erosion, and burning of the material was
. experimentally investigated. Equipment,
specimens, and techniques are described and
empirical data are given,
196y
619, CGolubev, V. A, (Moscow Aviation Institute). Talh
- A theoretical investigation of a turbulent v &, no. 6

plane-parallel jet at high temperature with 42-30
dissociation and ionization.

Calculations of air flow parameters based
on the solution of differential boundary-
layer equations with dissociation and ion~-
isation taken inte account are presented.
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C=l1 AERODYNAMIC PERFORIMANCE, STABILITY AND CONTROL

620,

021,

622,

623. Tipei, N.

Taratyaeva, G, P,

satellitce

drag in the sarth

field,

A method is daveloped for calculating the
orbit of an artificial earth satallite by
neans of a high-spead digital computer,
taking account of atmospheric drag and
daviation of the sarth's gravity field

froa the central.

obit,

The doviation of a satellite from an
elliptic ordbit which it might follow if
there were no air resistance is discus-
Only ths atwospheric drag 1is
oconsidered as a disturding foroe and
because of its saallness, the method
of small disturbances is used in the

sed,

sclution.

Tipei, N., and C. Guta.
Alrorafrt along

Motion of ar artificial
ia the rrnocncc of atmospharice
s noncentral gravity

. Barabanov, A, T., and B, A, Raysdberg.
Satellite deviation from an elliptical

Motiona of an

& given trajectory.

(Institute of Applied Mechanics,
Bucharest).

The dynamic behavior of an aircraft

covering motions along & given trajectory
in the vertical plane is discussed. Load
coefficients are determined and a synthesis
is derived which can be analysed by means of

the obtained results.

Nonsteady Motion of an Aircraft

in the Hriszontal Plane.

The nonsteady motion of an aircraft along
a given trejectory in the horisontal plane
is studied.
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1959

o2u, Batrakov, Yu, V,, and V, F, Proskurin, TSFSp
Perturbations of artificial satellite no,
orbits caused by atmospheric drag. 39-

rr
&€

Expressions for determining secular
and periodioc disturbances in the
¢lements of an elliptic orbit of an
artifiocial satellite caused by the
atmospheric drag only, are -erived,
and an example of ocalculating the
first-oxrder disturbances is given,

n2y, bavrent'yev, M, A, The punocture problem Isk 3p Ze
at space velodities, no. 3
61-5%

The one-dimensional problem of deter-
mining the impulse frparted to a £I ite-
length cylinder by a cirdular plate of
the sane diameter mov at a very high
speed (50 to 100 lm/sec) under assumption
that the evgporation of material tales
place in the impact., An analogous three-
dimensional problem (small sphere and a
finite-radius semisphere) is also dis-
cussed, Fnite formulas in bdboth cases
are odvtained.

626, ¥ridlender, G. O, 4 system for deterwining _
the motion parameters of a body in space. IzAN EnAvt T

no, 6
A system for determmining the coordinates, 105-111
velocities, and acoeleration of airoraft
moving in space is discuszed, Por elimin-
ation of errors caused by gravitational
fields and inacourecy of instruments, a
devioe is proposed which is not sensitive
to the effect of weightlessness,

627. Kleyman, Ya., Z. Steady motion of a multi- ISAN NeMe,
component compressible medium, no. 1
‘ 50-55
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The analog of the conditions of the

"sound erisis®, that is, subsonic, sonic,
and supersonic steady moticn of an
n=gomponent mixture, is considered.
Looal variations of parameters of a two-
component medium, knowledge of which is in-
dispensable for qualitative motion studies,
are investigated, together with the problem
of variations in the mass of the mixture.

1961
628, Isayev, V. K, Pontryagin‘s maximum principle T
in thrust programming of roockets, v, 22, no, 8

1001
Optimum programming of the magnitude and
direction of rocket thrust in two- and
three-dimensional caass is disoussed on
the basis of Pontryagin's maximum principle,
Bquations of motion are derived for the two-
dinensional case in termms of projections
onto coordinate axes under the assumption
that the roocket is a point of variadble mass
moving in a homogenecus gravitational fisld
and negleoting the effect of asrodynami
fornes, .

629, Notulevich, V. P., V. M. Yeroshenko, EnI AN S8SSR
and Yu. N. Petrov. The effect of N. 94-103
electrontatic fields on convective
heat excharge.

A theoretiocal and experimental study was

made in order to compare different quanti-
tative data obtained by various ascientists

on electrostatic fields and convective heat
exchange. Special attention was given to an
explanation of the nature of ‘the phenomenon
which determines heat-exchange intensity due
to electidcal convection, experimental in-
vestigation of the effect of electrical field
intensity on heat exchange, and optical study
of the process by means of an interferometer.
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030, Quievich, A. V. Perturbations in the Isk Sp Ze
ionosphere caused by a travelling body. no. 7

101-124
The effect produced by a body moving
through a rarefied, partially ionized
gas are analyzed. Variations in the
neutral particle density near the moving
body are calculated. Perturbations of
electron and ion densities &re analysed,
and the resulting electric field value 1is
determined with and yithout taking into
account the Earth's magnetic field.

031, Bodner, V. A., and V. P, Selesnev, Control ISAN En Avt
of the motion of a body in inertial space. no. :67
197-

In a study of an automatic control system
for programmed motion of a body in an
inertial space, the moving body is assumed
to be subject to forces of thrust, grevi-
tation, and resistance. Equations are de-
rived for the motion of the body in an
inertial aystem of ocooxrdinates and for the
motion of components in a closed control
oircuit (e.g., navigational systems, control-

signal systems).

632. Mualev, V. A. Necessary and sufficient con- IzVUZ AvT
ditions for extremals in variational prob- no., 1,
lems of aircraft flight dynamics. 19-26

Starting with the four necessary and suffi-
cient oconditions which must be satisfied by
an extremal obtained in solving any varia-
tional problem with given boundary conditions
(satisfaction of the Euler equationa of
motion, the requirements on the extreme values
of the Weierstrass function, the Clebach con-
dition, and the Jacobl condition), the author
roves the realizability of the last condition
the goc.ibilit of constructing & fleld of ex-
tremals around the given extremal), taking into
account the special features usually true of
variaticnal prodblems of flight dynamics. Ex-
pressions ars derived for the Welerstrass
function for the extremals and the Clebsch
ocondition for optimal maneuvers in the verti-
cal plane.
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633. JBiryukov, Ye. A. Theoretical determination 12Uz g“"r
of the vibretory motion of & winged roocket. 3316

Thecretical determinations of the vibrm-
tory motion of a winged rocket are pre-
rented for the tollgwing cases: motion with
the motor in operation for a atatically
stable rodket and for a statically unstabdble
rocket, snd for motion with the motor not in
operstion for a statically stable rocket and
for & statically unstable rocket.

v34, Vereshchagin, I. F. Motion of a rocket IzVUZ AvT

slong a three-point path with constant no, 2 -
tangential acceleration. 35-46

Rocket motion at constant tangential
acceleration along a beam rider curve is
analyzed. The rocket is assumed to be
directed -by line-of-sight control toward
a moving target so that its center of
gravity is located on a straight line be-
tween the control point and the target.
The analysis is limited to the case of
straight horizontal target motion at con-
stant speed, but the method can be extended
readily to more complex target motions.

53,, . Yasinskiy, P, G, The gliding range of a IZVUZ_AVT
winged vehicle at space velocities, go. 3
1-37

The use of the kinetic energy of a
vehicle moving at space velocity for

a gliding flight is discussed, The
gliding is considered as quasi-steady-~
atate immersion in the aiwosphere at
altitudes of T0-75 km in unpowered flight
at orbital velocity with overloads of

4 to 5 Vs,
1962
636. Mikhaylov, F, A,, and V, M, Strumilov, MoAvI
Dynamic accuracy in automatic longl- Avtom, Reg,
tudinal stabillity control of winged no., 139
aircraft in disturbed air, 87-107
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The accuracy attainable in automatic con-
trol (by an autopilot) of the dynamie
longitudinal stability of a winged air-
craft exposed to random wind disturbances
is discussed. A qualitative control cri-
terion related tc structural parameters

of the aircraft-autopilot system is estab-
lished for determining the degree of per-
fection of the system,

637. Klimov, V., I. Effect of gyroscopic moments I2VUZ AvT
ol an aircraft engine on the dynamic char- no, 2
acteristics of an airplane, 15=-22

It is shown that gyroscopic mom<ii:s of the
engine can affect considerably, and even
deteriorate the control characteristics of
a modern airplane (with a reaction engine),
so that in some cases special automatic
devices for aerodynamic balancing of gyro=-
scopic moments will be warranted.,

U3Ga Chakalev, K. N. Heating of a plate in the InF2Zh
process of ablatiocn. v. 5, no. 4
25-30

An approximate solution is obtained for
the problem of heat transfer during the
melting of an infinite plate, with
ablation of the 1liquid phase. Relation-
ships are obtained for determining the

rate of advance nf the melting front and
the flow of heat into the solid part of the
plate from a given temperature variation
with time at some point irside the plate.

U3l Nakarov, O, F, Optimality of multistage IzVUZ AvT
rockets, no. 4
18-26

An investigation is made of optimality
conditions for multistage-rocket motion
in force-free and gravitational rields.
The problem of establishing optimality
conditions is reduced to determining ratios
of component masses at which the
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attainment of a given velooity by an
N=8 rocist 18 snsured and which

a given performance funetion-
al, hmnt:.n, linear, and linear-
fractional laws of mass erperditure are

oonsidered.

viv, Jvanov, Yu, N, Optimum power variation in PMMe
the motion of a variable-mass body in a v, 26 . U
2 gravitational field. 180-782

Under the assumption that the initial
total relative weight of the power

source and fuel is known, the following
variational problems are solved: to
determine the laws of;:1) optimum continuous
decrease in the relative weight of a power
scurce, and 2) acceleration-veoctor
variations caused by reactive thrust,
which ensure the minimm time of motion
between two given points in phase space,

A aystem of equations with a set of boun-
dary conditions descriding the probdblem

is writton,

oll, Tokarev, V. V. The effect of a random power PMMe
decrease on the motion of a variable-mass v, 26, no.
body in a gravitational fleld. 763-769

The influence of a random stepwise deorease
of source of power caused by damage to its
sections on the motion parameters of a body
of variable mass in a gravitational fileld
is studied. The case when the power source
has a large number of autonomous sections

is analiyszed,
1963
6ho, Ostoslavskiy, I and I, V, Strazheva, Dinamiks
Dynamios of rugnﬁ Alrcraft traject- poleta

ories,

This book contains methods for determining
the flight trajectories of aircoraft
(airplanes, guided missiles, ballistioc
rooksts, rocket plares). The trajeotory
optimization methods dbased on application
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of the calculus of variations are discus-
sed., It is a textbook for students of
the higher asronautical schcols.

B3, Il'in, V, A, Transfer of a space vehicle Inzh
decelerated in a planetary atmosphere into ¥, 3, no, 2
a satellite orbit, 203-206

In discussion of this problem it is assumed
that the gravitational field of the planet
is & ocentral Newtonian field and that the
atmospheric portions of the braking ellipses
are small in comparison to the total orbit,
The additioconal thrust impulse nsoess to
transfer the vehicle from an elliptie

owbi: into a given circular orbit is deter-

44,  Grodzovskly, G, L., Yu, N, Ivanov, and nZ
' V. V. Tokarev, Mechanics of low- v. & no. 3
thrust space flight (1). %580-015

The following topics are discussed in

the first artiole concerning the mechan~

108 of low-thrust space flight: 1) formu-

lation of the problem of flight mechanics

of vehicles equipped with solar sails,

their weight ratios, transfer trajectories

between planetary orbits, and escape from

gravitational fields; 2) general formulation

of the optimization problem in the flight

mechanics of low-thrust space vehiocles,

their optimum weight ratios for the s est

modes of motion and a perfectly controlled

propulsion system (1ts optimm weight pro-
rtions and power control). Seventy-three

g:vict and non=-Soviet references ars given.

64y, Grodsovskiy, G. L., Yu, V., Ivanov, and InZh
V. V. Tokarav, Mechanics of low-thrust v, 3 . N
space flight (2), The=768
The following topics are discussed in '
this artiocle on low-thrust space flight :
mechanics: optimum trajectories and
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acosleration vectors produced by thrust

in foroe-free and cenfral fields, the

parameters of a low-thrust perfectly

controlled propulsion system in optimum

trajeoctories. The nonocontrolled

mum systams and optimm trajeo-
8 with oconstant and variable ao-

oslerations oed by thrust are
disocussed, =three Soviet and
non=Sovist references are given,
645a Beletskiy, V. V. Libration of a satellite in Isk Sp 2
an elliptic orbit, U6=-56

Small forced oscillations of a satellite in the
plane of its orbit caused by the ellipticity of
the orbit) around its center of mass are investigsted,
especially with respect to resonance effecta, '

646, Gaushus, B, V, An investigation of a Isk Sp Ze
ocertain mode of self-induced oscilla- no., 16
tions of a spaceship. 6§7=67

Plane self-induced oscillations in motion
of a spaceship controlled by an impulse-
‘type automatic system are discussed. It

is assumed that the directional-deviation
sensors of the spaceship have a dead szone
oh whose boundaries constant-intensity
short-Curation control impulses are produced
by servos and that the perturbance moments
aoting -nthe vehicle in flight are of
sonstant magnitude and direction,

647, Iar‘ye, A, I., and M. K, Cheremkhin, Isk Sp Ze
The motion of a mass point under a no, 16
small transverse thrust in a gravi- 2&5-251

tational field.

The motion X: aerospace vehicle (treated

&8 a mass point) in a central gravitational
field with a small transverse thrust is
-¢1uu=ud.' It 18 shown that by introduction
of a “oorrectinn member" with a

faotor €? (c-1s the thrust-to gravity ratio)
In tra equations of motion, a more exact
computation of the trajectory can be obtained,
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48, Lebedev, V, N,, and B, N, Rumyantsev. Isk Sp Ze
Variational problem of the transfer no, 16
between two points in a acentral 252-256
(xravitational] field.

The plane problem of the minimum-time
transfer of a apaceship between two points
in a central gravitational field 1is
studied under the assumptions that accel-
eration (due to the thrust) is constant
and that distances between the points and
the gravitation center are given. Trans-
fers between two circular orbits and from
a point to a given orbit are oonsidered,

oy, Tarasov, Ya, V, On optimum aircraft- IzVUzZ, AVT
motion regimes, no., 3
3y-y2
The selection of a characteristioc
of the throttling of the engine of an
airoraft in motion in which one of
the charscteristiocs of motion (e.g.
velocity, altitule range, weight
l'llcl.'l;l its extremal value is dis-
cussed.

050, Keghevnikov, Yu, V. On selecting the Izvuz, AvT
optimal control of aircraft, no. '
15-24

‘The problem of seledcting an optimum
control system for an aircraft is
generalized with consideration of
characteristios of ocontrols., The

motion of an airoraft about its

centroid is taken into account, and

the Pontryagin maximum principle 1is

used in formulating optimization oriteria.

051, Kosmodem'yanskiy, A, A, Variational Ve MoU, M¥e
problems of orbital-airplane dyna- 'R0,
mics. T0-
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T™he optimm re 8 of circular ordvital
lotio:_ g ;n tmo. oquipged with ¢
ligui el rocimt engirs, at high
ooities (N > 10) and aititudes of -
. to 100 lom are discussed with empha -
8is on the effect of asrodynamic foroes
on the motion paremsters.

%;‘T

ool Nel'ts, I, O. The optimal ae o
maneuver for o the orbital v. &, no, 2
plane at near-oircular velooities. 3-9

The variational probdlem of optimizing the
velocity loss during asrodynamic maneu-
vering at small angles of the trajectory
with the local horiszon is oonsidered,
ations for three-~dimensional motion
of a 1lifting vehicle uas a point mass are
written, The optimum control of the angle
of attaok, lift-dreg ratio, and banking
angle are discussed and the existence of
an ogum flight regime with almost
constant e8 of attack and of danking
for the lift-drag ratio is showm,

LD 3. Ioslovich, I. V. On the problem of PMe
optimal rocket trajectories. v. 28, no. 2

373-374

The problem of determining the final

mass for the given time and vice verss,

ror flights 4in horizontal and verti-

cal planea is discussed,

uoll, Smol'nikov, B, A, Optimum regimes of PMMe
retarding the rotary mution of a v 28, no, &4
symmetric dody. 725-75‘

Two methods of braking the angular motion
of a symmetric body by a system of Jet
nozrles are discussed: braking in the
shortest time, and  braking

ninimm fuel consumption, The problem

is reduced to programming the optimm
thrust of Jet nosszles by using Pontryagin's
maximum principle,
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Pol'skiy, N. I., and G. M, Shchegolev,
Isothermal flow of oconducting gas in
channels.

The author derived in dimensionless fomm,
by variational means, relations for the
extremal values of the power generated by
the stream, the pressure ratio, and the
electric field intensity. The effe-ts of
the induced magnetic rield (the magnetic
Reynolds number), of the pressure depend-
encad of the oconductivity, and of friotion
are also taken into account., It 1s pointed
out that for isothermal flow with constant
velooity, the dimensionless field intensity
is a measure of the thermal efficiency amd
that the dimensionless pressure ratio is a
measure of the channel broadsning.
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C=-2 REENTRY DYNAMICS

1958

©50. Yegorov, V. A, On the solution of a degenerate varis- e
tional problem and the optimal climd of e space v, 22, no, 1
rocket, 16-26

This article gives a solution of Mayer's problea for

Pfaff's equation with cue free functiom., The solution
1s used for selecting the form of the rocket trajectory
vhich yields maximm rete of clisd to a given altitude,

1960
657. Gorelov, Yu. A. (Moscovw). Tvo clesses Of plane extremal TR
motion of a rocket in & vecuum, v. 2, B0, 2
303-308
The conditions governing the extremsl (in relstiocn to
time and mess comsumption) woticm of a rocket alomg @
curvilinear trajectory are studied. The prodlea of
plane motiocns 1is solved separstely im the borisomtal
snd vertical planes, sssuming that no effect 1s pro-
Guced by asrodynsmic force.
1961
hHy, Krotov, V, P. Optimel conditions for horiscmutal flight ,"';';,';' Tr
of an sircraft. no, 1&
Sh-65

The suthor's theory of discontinuous solutions of . ria-
tional problems is applied £0 the study of optimal thrust
programming of the borizontal flight of an aircraft to
achieve the maximm flying range. The solutiom of the
problem is reduced to determining from the class of ex-
tremsls v o v(m) (v deing the velocity end m the insten-
tanecus wass Of the aircraft), passing through the imitial
and final points (mg, Vo), (mg, vx) Of the flight, em ex-
tremal v » v(r) for vhich the integral dafining the fiighat
range of the aircraft has ap abeolute maximm. When
thrust P 1s a MONlinear function of fuel comsumptiom, it
is shown that the maximm flight remge cam de achieved
for special (type a) extremals which are different from
ordipary contimwous extremals sod cemmot de fouwmd by weing
classical varistiomal methods.

659. Nev ejection seats and emergency capsules,
Bew models of ejection (at 24,000 xm/hr) seats pro- o=h

A
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600.

601,

662,

tected by a hermetically closed capsule have been
developed with the explosive charge replaced by a
rocket engine. The capsule is provided with & pars-

chute snd contains eme 1
¢, snd o ) rgency provisions, oxygen equip-

back wing in hypersonic flow,

Thermel disintegration of the leading edgs of a swept-
beck wving in hypersonic flov is studied. EqQustions
descriding the disintegration process and an approxi-
mate formulas £ x the adblation rate are presented.

Controllable parachute with slit-type ceanopy. For im-

proved utilisation of the reactive effect during comtrol

of the canopy, the slits are made along a straight line

from the lower edge of the apex with a vent in the lower

edge of the canopy. The lower edge near the vent is

TArskiy, G.A. Ablation of the leading edge of & swept- ZhPMeTF

1962
L. G. Vvedenskiy and A, I. Peshkova, No, 14T097. Authors SIzobr.
certificate in aviation. no, 9

tightened by a double cord with a sliding attachment vhich

makes control possible by pulling up one section of the
lower edge with a control cord,

Bl'yusberg, P. Ye, Determination of an orbit from two

positions,

A full snalysis of the determination of the nonperturd-
ed orbit of a coemic body from two given positions is
presented. Considerable attention is devoted to the ex-
istence and the uniqueness (or multivalence) of the
solution, Determination of the form of an orbit is
analyzed for A < 29w and 46 > 2w. Particular
cases of orbit deterwination vhen D), D2, and O are
located on a straight line are studied. All poesidle
versicus of determining ordvits from tvo given poimts
for given 4€ and At values are presentsd in tables.

_203..
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b63.

664,

66Y .

666.

Kislik, M. D. An analysis of the integrals of the equa-
tions of motion of an artificial earth satellite,

An enalysis is made of the exact integrals of the equa-~
tions of motion derived earlier by the suthor snd put
into a form convenient for high-speed computers for an
artificial earth satellite in a norwal gravitatiomal
Tield in the general case of wmotion; only orbits of
real satellites are taken into consideration, This
wethod reduces computer time by 15 to 20 times as come
pared vith numerical integration with the seme accuracy,

Beletskly, v, V. Orbit of equatorial earth satellite.

The properties of the equatorial trajectory of an arti-
ficial earth satellite and the effect of the bshavior
of osculating elements (the lougitude of the perihelion
and the edcentricity) or the ordit om the motion of the
satellite are studied.

Illarionov, V. F,, and L. M., Shekadov. The rotatiom of
the circular orbit of a satellite.

The motion of & body alopg & circular orbit under the
action of a transverse fporce is studied. The system
of equations of the motion of a mass point in the
central gravitational field vas taken and the initial
copditions are sstadblished on the assumption that the
circular orbit of a nomperturbed motion is located in
the equatorial plane, General expressions for deter-
mining the declinmation angle of the plane of the
satellite ordit from the equatorial plane (of momper -
turbed motion) sre derived in terms of tramsyerse force
and of satellite wvelocity attained after exhsustion of
the propellent,

Brykov, A. V. Estimating the effect of correlstion
betveen messurements of the accurscy of processing
results.

The present study is regarded as the first step in
determining the influence of the measurement corre-
lation (the ‘nterdependeance between measurement er-
rors) on the processing accuracy. A method for
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b67.

668,

processing such data, & procedure for estimating the
processing accuracy, and a method of selecting the
scope and character cf the optisal measurement infor-
mation are dsscribed in detail,and quantitative esti-
mates of the effect of ncsurnont correlation o the

sccurasy of final results 2are discussed,

Charnyy, V. I. On optimal trajectories with many

impulses. .

The plane problem of the motion of material point in a
single-center Nevtonian gravitational field has been in-
vestigated under the assumption that instantanecus velo-

city impulses may de iwparted to the point at certain
discrote moments of time, and that concentric rings

emanate from the center of gravity through vhich the op-
timal trajectory can pess only after certain conditions

have been fulfilled,

Pezgin, L, S., am M. I, Ivashchenko,

Approximate designing of protective
shielding against meteors,

A nmethod of designing a protective mantle
over a space vehicle to protect it against
meteoritic impacts is presentad., The
method 1s based on the idea that both the
meteorite and the mantle evaporate at
impact, Approximate estimation of the
nmantle thickness and of the gap between
the mantle and the wall of the vehicle

is discussed,

669. Mirolyubov, G, Shock sbsorbing methods in manned

_ spaceships.

In an nrtiéle deaiing with reentry and impact over-
loads, G. Hirolyubov, a physician-physiologist, states
that reentry overloads are more difficult to withstand
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than injection overloads, Extensive experiments with
men immersed in s tank of water indicated that under
these conditions, muscle tomus and strength are reduced
end cardiovascular activity is sharply disrupted. S8ince
1t is these very organs that resist overloads, it is
necesssry to be particularly accurste in deteraining

tolerable owerleosd forces in reentry.

vy, Kochewikov, Yu, V., Optimization of the flight regimes IsVUZ AvT

and parsmeters of multistage rockets. no. 3
11-20

The solution of the variational problem for the motion

of a multistage rocket, under the assumptions that the

stage number is given, th. trajectory conmsists of active

and passive sections, and the stage separation takes

place at tero relative velocity, yielded a generalized

equation for the optimum mass distribution in the indivd-

ual stages. Calculation of the optimm mass distribution

for maximm flight range yielded expressions vhich show

that the angle between the thrust vector and the horizomn-

tal coordinate remains constant along the entire trajec-

tory, even vhen air resistance is taken into account.

671 .Alkdn EL,, and £, Bneyev. Determination of parsmeters of Koslaj
of the motior of a spaceship from trajectory measure- v. 1l, oo, 1
wents, 550

A statistical approach is used to solve the prodlem of
deternining the unknovn perameiers characterizting the
motion of a spaceship on the Lasis of measurements
carried out at certajn instants. By applying the method
of maximmm likelihood, the problem is reduced to the
evlution of & aystem of nonlinear equations to vhich
Fewtun's method and the methold of steepest descent are
applied. A series of important problems comnected with
estimating the accuracy of predicting the motion of a
spaceship from the processed data of trajectory measure-
ments is studied, and certain algorithms for estimating

are derived,

L72,.Yarov-Yarovoy, M. S, .On the soluticn of the Euler- Koslsal
Lsmbert equation for transfer orvits vhich are close ve 1, no, 1
t0 Hohmann ellipses, 51-5‘ .
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A transfer trajectory al the unperturted orbit be-
twveen two termipal points (the starting and finishing
points) is gtudfied, A solution of the Euler-Lambert
equation is sought for trausfer orbits vhich are close
to Hodmann eliipses. An iterative method for determin-
ing the root n; vwith ¢hs necessary accuracy is described,
From the value of n), the semimajor axis and other parsm-
eters of the transfer orbit are calculsted. As an
exsmple, detearmination of the semimajor axis of the unper-
turbed orhit for transfer between the location of Earth
on 13 September 1962 and the location of Venus on

22 December 1962 is presented.

1964

672a.Sagomonyan, A. Ya.,On the problem of interaction DAN USSR
between bodles at very hirch velocities, v, 156, no.s
1053-1056

The mechanism of impaci of a body of small mass on a
body of large mass at speads of the oraer of 5 to

10 km/sec 1s discussed with the aid of an impact
model which makes 1t possible to determine the

basic parameters of the impact process,
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673,

T,

75,

67b.

SECTION D « STRENGTH OF SPACE VEHICLE COMPONENTS

Carafoll, E, (Institute of Applied Mechanics,

Bucharet:), and S, Sandulescu (Institute of
Applied Nechanics, Bucharest). Harmonic
vibration of &ilerons of general form under
supersonic conditions,

The motion of triangular wings oscillating
harmonically in supersonic flow is investi-

gated. The harmonic oscillations of an ailer-

on are considered as 2 special case in which
the problem 1s reduced to the calculation of
motions of two appropriately selected tri-
angular surfaces.

Shorr, B. F. The effect of nonuniform

heating under creep oonditions on
changes in stress distribution.

The time-dependent variation in stress
distribution caused by nonuniform heat-
ing under creep conditions is discussed
for the uniaxial state of stress, taking

- strain hardening into acoount,

Vorob'yev, N. F, Unsteady vibration of a thin

wing in supersonic flows,

-A finite-span wing is studied in an infinite

volume of fluid. The wing creates a small
disturbance. The problem is linearized and
analyzed according to the general concep-
tions of thin - wing theory.

Lebedev, A. A, Application of the "frozen-
coefficient” method tn investigation of the
stability of nonsteady motion.

The method of “frozen coefficients" 1s ap-
plied in the simplification of linear, uni-
form, differential equations of the dis-
turbed motion of a dynamic system. The
application of the method is shown for the
calculation of free oscillations of rockets
of the V-2 type.
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v17.

ofo,

6'{9.

680,

Vakbitov‘ M, B. Deaign for strength of a

swept-back wing of monoclithic construction,

The general st h of swept-back wings
with ma-nn-mmw-trgrn
and flanges of ribs 1s investigated, The
skin is able te carry normal and tangential
stresses whieh are variable over its
thiclkness,

Earavanov, V. F. (Mosgow Aviation Institute).

Equations of shallow sandwich shells with
& light core under finite displacements,

Equations which describe stress-strain
relationships of these shells under the
assumptions that the face layers obey
the Kirchhoff..Love hypothesis and the
core layer is elastic and isotropic are
presented. The flexural rigidity of the
faces 1s neglected; transverse shearing
and cowpression strains of the core are
taken into account.

lbpzoni G. I, Vidbration of a thin rect-

ar wing of high aspect ratio in
supersonic flow.

Fourth-order differential equations ‘
describing the torsional-flexural strains
of a thin high-aspect-ratio rectangular
wing in a supersonic flow are used in
wing's flutter analysis. Expressiors for
determining the frequency equations for

a wving in vacuum and in supersonio flow
are derived as well as expressions for
dynamio-stability conditions,

S8avulescu, S. N. (Institute of Applied Me-
chanics, Rumanian AS, Bucharest). Counsidera-
tions on a solution of the case of an unsteady

compressible boundary layer.
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Conditions are estadblished for the external
parameters of an unsteady compreseidble boun-
dary layer (veloocity and temperature of the
external flow, and temperature at the wall)
in order to extend the applicablility of

the Crooco solution.

681, Lyamshev, L. M. The problem of the reci- DAN 8SSSR
modty principle in acoustics, v. 125, no. 6
1231-1234

The results of Helmholtz and Rayleigh

in respect to the reciprocity prinoiple
are extended %o a mathematical formla-
tion of the reciprocity principle de-
soridbing the connection between three-
dimensional sources in an acoustic
medium; certain externmal forces acting on
shells, membranes, et cetera; and radia-
tion fields created by these sources

and bodies.

b2, Gerasimov, I. S. On a dynamic similarity DAN SSSR
problem for a conical shell. v. 126, no. &
T27-725
An elastic conical shell subjected to the
action of a moving load (constantly axi-
ally symmetric pressure normal to the
surface of the cone) which propagates at
a constant velocity from the apex 4f the
cone in the longitudinal direction is
analysed. Formulas are given for the
bending momentes and deformations.

v63. Belotin, V., V., Yu., V, Gavrilov, B, P. IsAN MecMa
Makarov, and Yu. Yu. Shveyko. Nonlinear no.

buckling stability of flat plates at high 59-62
~ supersonic velocities.

Rectangular plates at a zero angle of at-
tack are investigated. Aerodynamic forces
are determined by asymptotic formulas
which may be used for velocities of M»1,
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oo, Vakhitov, M, B, On detemining the IzVUZ, AVT
natural modes and frequencies of no, 1
& monolithic wing. 16-27

The modes and frequencies of free
vibration of a ocantilever plate of
most general type (anisotropic,
laminated, swept-dack, with thick-
ness varvigz over the chord and
span) are discussed, Flexursal and
torsional vidbrations along the chord
and span are analyzed by using the
Ritz and successive-approximation
methods. Theoretical and empirical
values of frequencies are compared,

5. Kan, S. N. (Kharkov Higher Military Aviation IgVUZ, AVT
Engineering School). Stress distribution in wno. 1
cylindrical shells with large cutouts, 32-37

The state of stress around large cutouts in
a circular cylindrical orthotropic shell
stiffened by stringers and frames, and sub-
Jected to transversal bending and torsion
is discussed. Normal (axial) and tan-
gential forces in the skin, and the bogd-
ing moments of frames (on their planes) are

analyzed.
66, Galkin, S. I. (Novosibirsk), V. V. Kabanov ISVUZ, AvT
(Novoaibirsk), and S. S. Lyashenko (Novo- no. 2

sibirsk). An experimental investigation of 49-61
stresses in a stiffened circular cylindri-
cal shell with a large rectangular cutout,

Results of an experimental investigation of
a shell under concentrated load are pre-
sented. Data on normal and tangential
stresses in the open and closed parts of
the shell are given and compared with those
determined analytically by using the V, 8.
Vliasov method.



087. Sibiryakov, V. A. (Moscow Aviation Institute). IsVUZ, Avr
Design of an orthotropic oconical shell un- no. @
der ardbitrary external loading by the V. Z. 7282
Viasov method.

States of stress and of strain of an ortho-
tropic oonical shell under asymmetrical
loldtn$ are determined by using V. Z,
Viasovies theory for seal-membrane medium-~
length shslls. Equations are derived for
designing them and their application is
demonistrated by a sample numerical calcula-

tion.

b88. Sirasetdinov, T. K. (Kazan' Aviation Insti- IgVUZ, AVT
tute). Vibrations of a wing of small as- no. 3
pect ratio in a subsonic flow. 16.-23

The derivation of an integral differential .
egquation for a wing oscillsting in a sub-

sonic flow 1is given, and an approximate

method for the ocsse "L small aspect-ratio

wings is presented.

089, Vakhitov, M, B. (Kazan' Aviation Institute) Izvuz, AVl
Design for strength of an elastic monolithic no, 3

Stress-strain relationships are discussed in
an elastic monolithic wing with thick skin
stiffened by ribs and stringers using a
cantilever anisotropic plate as a model. The
formulas derived can be also used for deter-
mining the wing loading, the aerodynamic

. coefficients with consideration of the effect
of deformation, et cetera.

090, Kornishin, M. S. (Kazan), and Xh. M. Mushtari Pilie

(Kazan). An algorithm for the solution of v. 23, no. 1
‘nonlinear problems of the shallow-shell 159-163
theory.
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A desoription of the algorithm for solve-
ing a system of nonlinear algebraic equa-
tions 1s presented and applied to in-
vestigation of the conaslderable flexure
of a rectangular, shallow, simply supported
anel under uniforz transverss loading.

e numeriocal calculations were carried
out on a Strela computer.

0yl. Rakhmatulin, Xh. A. The propagation of elasto- PiMe
plastic waves in a half-space, v. 23, no.
§19-424
An approximate method is developed for
solving the problem of elastoplastic
waves propagating in a half-space
with normal pressure along the boundary
equal to zero. Three examples are ana-
lyzed, and the state of stress in the
nsighborhood of the load boundary 1is

calculated.
u)2, Ohao, Hwel-Yuan, Thermal stresses in S8oientia Siniocs
’ shells of revolution with variable v, 8, no. &
elastic properties. 3&3—‘@

Thermal-stress analysis in sh2lls of
revolution made of a material posssssing
a linearly time-dependent Young's modulus
and a oconstant Poisson ratio 1is ‘
presented. The temperature gradient is
axially symmetric over the shell and
constant along its thicimess,

63, Carafoli, E, (Institute of Applied Mechanics, StuCeMeAp
Bucharest), and S. Sandulescu (Institute of v. 10, no. 1

Applied Mechanics, Bucharest). Aerodynasic 13-40

characteristics of allerons subject to

harmonic oscillatory motion at supersonic

speeds (supersonic flutter).

Aerodynamic characteristics of allsarons
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subject to harmonic oscillatory motion at
supersonic speeds was studied. Oscillatory
motion of a polygonal aileron was found to
0 be oquivalent to that of two triangular
surfaces; all forms of allerons are calou-
lable by & specifically developed squation.

1960

694, Slobodiedn, A, M, (Moscow), Stability InZh
of an oialtao beam with rigid empennage v. 27,
in a supersonic flow, 77=80

The stability of an elastic beam with
a constant c¢xross section and mass
per unit length with rigid empennage
moving along its axis at high super-
sonic speed 1is investigated,

Gy, Nouchan, A. A, (Moscow). The behavior of com~- InSb
plex values in the probiem of piate flutter. v. 27

T0-76

The results of complementary calculations

. in the domain of high supersonic speeds are

given. These results may be used for in-

vestigating the experimental data concernmed

with flutter of the supersonic aircraft

structural covering.

by6. Bolotin, V. V. (Moscow). Nonlinear riSb

flutter of plates and shells. v. 28

55=T5

Nonlinear hypersonic flutter (hard and
soft) of plane and curved panels, with
pliable and perfectly rigid stiffening
i8 investigated in flows with very high
Mach numbers. Expansion of the middle
surface and buckling of the panel caused
by aerodynamic heating are taken into
account,



)7

698,

09)0

700,

Gerasimov, I. S. (Moscow). Elastoplastioc
axisymmetrical strains in a closed ocirou~

lar oylindriocal shell,

The elastoplastic behavior of a circular
cylindrical shell with plane bottoms, sub-

Jected to a combination of: internal

preasure, radial compression of the bottoms,
and external pressure on the bottoms is
investigated, The Joint deformation, the

elastic deformation of the shell, and
the elasto-plastic deformation of the
bottoms are investigated.

Mouchan, A, A, Effect of aerodynamic

damping on supersonic skin flutter,

Aerodynamic-damping effects on the
flutter speed of a circular cylindri-
cal shell moving axially in a gas at
supersonic speed and performing
additional axisymmetrical small
movements are discussed., It is shown
that the error caused by disregarding
aerodynamic damping can reach

considerable values.

Morozov, M, G, Acoustical radiation of

cavities in a supersonic flow of air,

Schlieren photographs of the super-
sonic flow patterns over a plane sur-
face with cavities of various shape,
depth, and attitude obtained in a

wind tunnel at M = 1.7 and Re = 1,2¢10°

&re presented and discussed,

V. A. Sibiryakov. (Moscow Aviation -

Institute)., Determining thermal
stresses in a conical shell,

Elastic thermal stresses in a construce

tionally orthotropic circular conical
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8hell placed in a gas flow are determined
by using semimembrane shell theory.
Constant temperature over the wal
thickness, and a modulus of elasticity
and a coefficient of thermal expansion
which are independent of temperaturs

are assumed,

701, Karavanov, V, P, (Moscow Aviation Insti- IgVUZ, AVT
tute). Stability of shallow oylindriocal no, 2
light-weight=core sandwich panels with 50-60
clamped longitudinal edges under axial
compression.

Analysing the stability of finite-
length and infinite shells, the effect
of transverse deformation of the core

is neglected, and the flexwal rigidity
of. the fdace layers is taken into account,

702, Malakhovskiy, R, A, (Gomel'). The IZVUZ, AVT
: design of orthotropic circular conical no, 2
shella, 61-68

Stress distribution is analyzed in an
elastic thin-walled conical shell
stiffened by stringers and frames,

The S, N, Kan method of designing
cylindrical shells is generalized,

The torsional rigidity of stiffen-

ing elements and eccentricity of the
stiffening system toward the skin are
neglected, The equivalent thicknesses
and moments of inertia are constant in
a oross section, but arbitrarily
variable in the axial direction.

703. Shohetnikov, Ye, S. ©n the speed IgVUZ, AvT
of sound in gaseous media with no, 2
relaxation processes, 110-117
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704,

705,

70€.,

=

The speed of sound in a reacting
as with vibratory degrees of
edom is investigated. The case
of a gaz mixture consisting of parte
ially disaocciated diatomic gases
with exoited vidbratory degrees of
freedom 1s considered.

Rapoport, L. D, (Ufa). Determining the

free vibrations of non-prestressed
ciroular cylindrical shells,

Natural frequencies of transverse
vibrations of circular cylindrical
shells of arbitrary length are ex-
examined in cases of simply supported,
clamped, and free edges as well as
for comblnations of these boundary
oonditions,

Manokhin, D, G, (Kazan' Aviation

Institute), Approximate determination
of thermal stresses in thin-walled
structures,

A oylindrical thin-walled beam with
airfoll oross section, longitudinally
and laterally stiffened, i3 under
discussion, The temperature varies
along the contour of the oross
section, but is constant over the
thicknesas of the skin and stiffeners.,

Malkina, R. L. (Urals Polytechniocal

Institute), PForced vibrations of
cylindrical shells,

PForced vibrations of circular and non-
circular closed cylindrical shells are
discussed. Pure flexural vibrations
caused by shaking forces normal to the
middle surface are examined, negleoting

the shell of tangential inertial forces,
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707. Boletin, V, V, (Institute of Mechanios, PMMe
Academy of Sciences, USSR). The edge v, 2%, no, 5
effeat in elastic ahells under vibre- 831-8he

The th.or:ior ::: d{nnnic odgndotr:;t (for
example, olamp s presented, as-
sification of various types of the effect
for shells with positive, sero,and negative
Gaussian curvatures is given, Nethods for
evaluating the edge effect characteristiosin’
ths vicinity of distortions are disocussed,

70(}. mblik, ’. N., m VQ I. hl‘hllw. (n.').

PMMe
On dynamic stability of liquid-filled v, 24, no, $
thin elastic shells. ok1-9k6

The problem is reduced to the solution of

the energy equation by a variational

method, and a system of four differential
equations is obtained as a result. Dynamioc-
stability analvais of a2 siwmnly sunnonted '
ciroular oylindrical shell led with

1iquid is presented as an example.

709. Carafoli, E., and S, Sandulesou, Harmonie StuCeMeAp
oscillation of tail units in supersonic V. no., 3
flow. 557-568

The problem of low-frequency and small-
amplitude oscillation of a tail assembly
in supersonic flow is reduced to investi-
gation of certain higher-order conical
motions, The particular case of oscilla-
tion with subsonic leading edges is
discussed, The interaction between verti-
cal and horiszsontal control surfaces 1s

eonsidered, »

. 96

» 710 . S&Vin, G. M. » van-FO-Fy, and V. M. mn
Buyvol. no. 11

1435-14
A successive approximation method of 35-1439
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analyzing the stress distribution
around two unequal circuiar holes in

a shaliow spherical sheil under
constant internal pressure is sented,
The superposition of stresses in an
intact shell and of stresses ocaused by
each hLole is used to obtain the final
state of stress, A numerical example
and a diagram illustrate the discussion,

711, ILyubimov, V. M., (Moscow)., Some exaoct InSb
solutions of the problem of self- v, 31
sustained vibrations of a swept-back 171-178

wing in a supersonic gas stream,

A bending-torsion model (a cantilever
beam of variable rigildity in bending
and torsicn) 1s used for vibration
analysis of a swept-back constant-
chord wing by applying the piston
theoxry to account for the effect of
aerodynamic forces, assuming the
concidence of the fiexural axis .
with the line of centroids (of cross
sections), The partiocular cases of
pure torsional, pure flexural, and
combined vibrations are discussed,

712, Kislyagin, N. N. Downwash produced by a ISAN MeMa
wing in an unsteady flow, gglzg

The concept of coefflcoients of rotary
derivatives is introduced in a method
proposed for determining the downwash
produced by a rigid or an elastic wing
of arbitrary shape in unsteady flow

of an ideal fluid., Approximate formulas
based on the linear theory of flow are
derived for caloulating aerodynamic
forces and moments acting on the wing-
empennage system, talddng into account the
downwash effect.

713. Ambartsumyan, S. A., Zh, Ye. Bagdasaryan. I1sAR MeMs
Stability of orthotropic plates in a no., &
supersonic gas flow, 91-96
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Noanlimear flutter of a plate in a super~
sonic flow is discussed. The influence

of tramsverse slips oan the character of
fluttar is acesunted for, The prodlam 1is
solved in its limear version by variatioa-
al methodes.

714, Bryukov, Ye. A. Theoretical analysis I1zVUz, AVT
of oscillatory motion of a winged no, 2
rocket. 3-16

The oscillation of a winged solid-
fuel rocket in the vertical plane
caused by some disturbance (for
example, moving the elevator, switch-
ing the  engine on and off, sudden
changes in the eccentricity of the
thrust) in its steady flight is dis-~
cussed, assuming that the angles of
incidence of the wings and the control
surfaces are fixed, thrust eccentri-
ity is constant, and the mess and
centroid of the rocket do not change
during the flight.

715, Vakhitov, M. B, (Kazan' Aviation Institute). I1zZVUZ, AVT
Deslgning a monolithic wing with a set of no. 2
nonparallel stringers for strength, 47-58

The strength of a swept-back wing with
thick skin, parallel ribs, and nonparallel
stringers, as well as wings with a central
section are under discussion, The previous
works of the author (1958) on the strength
of wings with orthogonal stiffening .
elements are generaliczed.

716, Figurovsakiy, V., I, (Moacow Aviation Insti- 1sVUZ, AVT
tute), A design method for a conical shell no. ‘2
clamped on a part of its cross-sectional 67=77

contour,



The stresses in a conical shell, similar

to a wing vith a large taper and low aspect
ratio astiffened with stringers snd framse
{on ends) are analysed. Ian the root sectioa,
the skin is clamped on a part (about the
niddle) of the contour, the parts adjoining
the leading and trailing edges are supported
by a rigid rid, The shell is symmetriecal

to 'the horisontal middle plane and has a

lov thickness=to~depth ratio.

717. Yershov, V. V., Cylindrical flexure of ua- IsVUZ, AVT

syametrical light-core sandwich plates. no, 3
386-33

A stress smalysis of rectangular sandwich

plates in a state of slight cylindrical

flexure 1s presented., The outer layers

ave of different materials and unequal

thickness; their flexural rigidity is

neglected. The core material is not

resistant to longitudinal forces and

bending moments, and its modulus of elas~

ticity is far smaller than those of the

outer layers.

713. Karnozhitskiy, V. P, The effect of thermal IzW2, AvT
stresses on the stabllity of a sandwich no. 3
wing panel, 69-T7

The thermal buckling of aerodynamically
heated wing skin, of sandwich construc-
tion, between spars and two neighboring
ribs is investigated, The skin, free of
external loading, is compressed in the
direction of the span by uniformly
distributed forces,

719, MNatyushev, Yu, S, Design for strength IZVUZ, AVT
of a conical shell shaped like a low- no, §
aspect-ratio wing, 89-99
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120,

721,

722,

o is of the stresses in a

oons thiclkness, t:go » thin
ahell with :l.u nhmm & low-aspeoct-
ratie wing presented. NEguations are
darived by using Vlasov's variational

-

Gur'yev, N, I, Calewlation of cylindrical
and prismatic shells by the method of die-~

grete unkanowns,

An engineering method is presented for
calculating thin~walled shells of arbdi-

trary cross—section (open and closed, long
and short), with constant or variable wall

1sVU% AVT
no, 3
153=1354

thickness. This method consistes in assigning

a finite numbar of degrees of freadom to

a transverse shell element and an infinits

number of degrees of freeadom to a longi-
tudinal eslement. The unknown state of

stress is approximated in the form of two

states: 1) thée primclpal, dctsrmined by

the elementary theory of thin-valled strips;

and 2) the secondary, investigated by an

energy method, with the use of Castigliasno's

variation pzinciple,

Il'gamov, M. A, (Kazan'). PForced vibrations

in shallow sandwich panels,

An analysis of forced vidrations in a shal~-

lov rectangular simply-supported sandwich

panel with a symmetrical structure is pre-

sented, taking into account the energy
dissipation ip the cone only, which is

assumed to be absolutely plastic in {ts

plane but incompressible over its thicke~

Vakhitov, N, B, On the investigation of

stress diatribution in monolithic wings.
Effect of nonuniformity in location and

- 222 -
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stre of stringers (or spars) along

the of the wing on the stress
distribution in akin is discussed in ocases
of st t, swept=back, and ¢ ar

R effect of location of Lflsxural
elastic) axis on utress distribution
skin along the span is examined for
each of adbove cases,

723, Gabril'yants, A. G., and V., 1, Fedos'yav, PMNMe
Axisymmetrical equilibrium configurations v. 23, mo, ¢
of uniformly compressed spherical shells, 1091-1101

The buckling behavior of an elastic shallow
spherical shell under uniform external pres~
sure {s discussed. The solution obtained

is independent of the R/h ratio. A dimen~
sionless pressure parameter and the rela-
tive local deflaction are used to i{illus-
trate graphically the pressure~deformation
relationship. A critical reviev of Soviet
and non-Soviet data on this problem {s gi-
vean.

724, Petre, A. G,, Stanesou, C,, and L, Re
Libresou, (Physiocs Institute, gl no, 6
Rumanian Academy of Soiono;:z .
Aeroelastic divergence of ticell
wings taking their fixing restraints
into asoount.

Aeroelastic divergence of lifting
surfaces of constant cross-section ‘
is analyzed with consideration of the
span-wise variation of the twisting
moment as well as the effect of re-
straints at the root oross section,

725, Kan, S, N, The streagth of closed and open RaPro, Sb

cylindricsal shells, a0, 6
M. 1961
An approximate method is presented for the 213-246

design of cylindrical and prismatic shells
- 223 -



of slesed and opem cross sections, stiffened
by diaphragms rigid in their owa planes.

The transverss loadiug, lomgitudinally aad
laterelly variable, may be either ceantia-
wous or by ‘econcontrated loade (as & par-
tigsular ecase). The support conditions are
aTthitrary.

726, Aksel'rad, B. L, Large axisymmetrical de= RaPro, Sb,

flections of a heated shallow shell of no, 6
revolution under loading. M. 1961
275-278

The general problem of determining large
deflections under transverse axisymmet~
rical loading of a shell with the elas-
ticity modulus and Poisson's ratio vary-
fag along the thickness of the shell,
causing a variable thermal expansion in
that direction during heating, is con-
sidered, The deformations or a simply
supported shell of arbitrary profile,
with and without a hole at the top,
determined by a quadrinomial are in-
vestigated., The approximate Budbrov-
Galerkin method is used to study the

"~ large axisymmetrical deflections of a
shell undear these conditions.

727, Ogibalov, P, M, (Department of Elasticity VeLUMMeAs
Theory, Moscow State University). The no., 3
problem of flutter of shells and panels. 60-65

A brief survey of investigations on flutter
is presented., The problem is stated on the
basis of A, A. Il'yushin's law of plane
sections for supersonic aesrodynamics.

. 1962
725, Tskhovrebadze, D. S. Designing circular AN Oruzssr
) ocylindriocal shells, Soole:6 p
'0 no.
An analysis of the stress-strain 641~

relationships of very thin shells
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(where the thickness-to=radius ratio

1s negligidle in comparison to unity)
begins with a system of squilibrium
eQquations of an elastic dbody in non-
dimensional coordinates. By application
of I. N. Velnua's method of reduoing the
thre¢-dimensionsl prodblem to a plane
problem, the relationships among the so-
called moments of component stresses,
strains, and displacements are obtained
instead of these Qquantities themselves.

129. Palley, I. Z. The effect of the history of
::::ﬁng on atate of stress in two-layer
[ 8

An investigation is made of the influence
of sequence in the application of component
loads (e.g., heating and pressure) to a
two-layer shell beyond the proportional
limit on the stress-distribution pattemm.

730. lebedev, Yu. A, The simplest cases of
structural damping in joints of thine-
walled members,

The dinsipation of vibrational energy
interfacial Coulomd slip damping in

skin joints with beam flanges or stif-
feners 1s discussed. The rigidity
effects of elastic joining elements (e.g.,
rivets or fitted-body sorews) 1o talken
into sconsidexration.

731. Broude, B. M, Practical methods of shell
design for stability,

The development of practical methods for
use in analysing the buckling stresses
and oritical loads in shells under
various loading conditions is discussed.
It 48 assuned that the shells were in a
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membrans~stress state prior to buskling.
Oonventional analysis procedures and
mathematiocal tools used in practice are
outlined, and the suitability of either
the bglalornn-wm o um::ig:eh the
met for buckling analys

1iuear and nonlinear formulation of the
problem 1s explained,

732, Petukhov, V, G, A method for accelarated de- B Isodr
termination of the life of an aircraft no. 22
strvcture.

Straiu gauges are used to measurs strecses
in & plastic specimen attached to a struc-
tural member of the aircraft in flight and
to an identical membar of the aircraft
tested in a laboratory under repeated static
loading to destruction of the specimen,

The two sets of data are then compared; a
conversion factor is calculated, and the
number of flight hours corresponding to

one loading cycle is obtained,

733. Borshchevskiy, A. P, A flight-safety system B Izobr
which signsls the occurrence of fatigue no, 22
cracks in the rotor-blade longerons to the
pilot of a helicopter. :

The longerons, hermetically sealed and
fillad with air compressed to a pressure

> 1 atm, contain pickups connected to an
indicator in the cabin which respond when
crecks appear and pressure drops.

7354, Obremskiy, S. V. The effect'cf stiffening DopAN Ukr8SR
rings in a closed cylindrical shell taken no, 7
directly into account, 883-887 .

It is shown how the effect of elastic
stiffening rings in a closed circular
¢cylindrical shell may be taken directly
{into account in the application of V. S.
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135,

7304

137,

Viasov's variational method, with shear
strains also considered. The assumption,
different from that of Vliasov, is that
some of the rings have finite rigidity
both in their own plane and vhen deformed
beyond 1it.

Gue/’, 0, M, Stress concentration at a hole
with a nipple in an orthotropic cylindrical
shell,

Stress distribution on the edges of a cir~
cular hole stiffened by a rigid nipple is
analyzed by the Ritz method. The shell {is
under uniform internal pressure. The the-
ory of shells with a large index of vari-
ation is applied, and the effect of the
orthotropy of the material and of the nipple
on the stress distribution arcund the hole
is analysed.

Shorr, B. F. (Engineering Physics Instit-
ute, Moscow), Designing for creep under
nonuniform heating.

The determination of creep stresses and
strains, as well as their cross-sectional
and axial distribution in bodies subjected
to nonuniform heating, is discussed. The
application of creep theories to the
invesatigation of the behavior of non-
uniformly heated bodles in a state of
ateady and transient creep is considered,

Makhovikov, V, I, Thermoelasticity problenm
of a plate,.

The thermal stresses in an elastic, iso-
tropic plate without external loading

in a stationary temperature field are
analyzed. Thermal stress concentrations
around circular and square holes in an
unbounded plate with an infinite number of
holes are also discussed,
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738. Yel'pat'yevekiy, A. N., and V. V, Vasil'yev., 1InZh
Desigaing prismatic shell structures in ve 2, no, 1
terms of stresses. 117=-129

Castigliano's principle is applied in
developing a variational method of stress
snalysis of the membrane-stressed canti~
lever shull structure of a box-type multi-
cell cross secticn.

739. Omitted. See page 242 « TUO.

740, VUsdalev, A. I. Plianz thermoelastic problem InZh
of an anisotropic body. Vv, 2, Nno, 2
280-286
The elastic equilibrium of a homogeneous-
thickness plate, anisotropic for both
elastic and thermal effects, 1s analyzed,
The plate is in a state of plane stress
caused by external forces and a statlionary
temperature fleld. The material of the
plate has a linear stress-strain relation-
ship; there are no body forces. The plate
region is multiply connected (holes in the
plate), and the temperatures on the closed
sontours are given,'

741, Beolotin, V. V. On the behavior of heated - InZh

plates and shallow shells in a gas flow. Y. 2, no, 3
- 119=12

The thermal buckling and flutter of a 9-125
rectangular aircraft skin panel under
kinetic heating in a supersonic gas
flow and internal pressure i1s investi-
gated, tgking account of the flow
pressure on the distorted skin, The
behavior of a steel skin under real
flight conditions is briefly discussed.
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Th2.

743,

Thi,

Abramyan, B, L,, and A. A. Babloyan.

Durgariyan, S. M. Thermal stress

analysis of thin orthotropic shells
of revolution,

The axisymmetrical problem of thermo-
elastic stress-strain relations in

thin orthotropic shells of revolution
with a positive Gaussian curvature and
low thickness-to-radius ratio is treated
in a linear formulation, with time~
variable coefficients of elasticity

and thermal expansion,

Yelpat!yevskiy, A, N, Investigating

the state of stress in two-layer
ocylindrical shell.

A plain cylindrical shell streng-
thened by an outer layer of fiber-
reinforced plastic is discussed. The
whole shell is under internal pres-
sure and an axisymmetrical tempera-
ture field, The stress distributions
in both layers are determined and
relationships ensuring minimum weight
of the shell are established,

and strain in a hollow cylinder.

Strese

An exact general solution is presented of
the axisymmetrical problem in the elas~

ticity theory for s hollow circular cylinm~

dar of finite length under arbitrary ex-

ternal load, with given normal displacements
and tangential stresseas on its fcces. The

derivation of gensral-form equatiuns for

stresses and strains in terms of the Fou-
rier and Fourier-Dini series is prssented.
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745,

746,

747.

Arutyunyan, N, Kh, Torsion of thin tubular

shells,

The torsion of long, thin, cylindrical
shalls of arbitrary=-contour closed cross
seaction is investigated., The small=param=-
eter method used here allovs appraisal of
the validity of approximate formulas (e. g.
Bredt's); it gives solutions in cases vhere
Bredt 's formulas cannot be used, and ac-
counts for stress concentration in fillets
of polygonal cylindrical shells,

Sarkisyan, V., S. The deflection of long e-

lastic plates at constant supersonic ve~-
locity.

The small parameter is used in the approx-
imate solution of the deflection problem of
a4 thin, narrovw plate of an arbitrary sym-
metric form, fixed at the edges and moving
in a gas with constant supersonic velocity,
at a fixed angle of attack, The problem

of determining the deflection function is
reduced to the solution of a fourth-order
partial differential equation with certain
boundary conditions,

Bagdasaryan, Zh. Ye. The stability of acyl=-

indrical shell in a supersonic gas flow.

The elastic stability of a thin circular
shallov shell is analyzed. The material
of the shell is orthotropic and obeys the
generalized Hooke's law., There is an un-
disturbed supersonic compressible-gas flow
along the shell, The hypothesis of the
presarvation of the normals is accepted,
Cases of symmetrical and nonsymmetrical
buckling are discussed, and formulas for
the minimum criticsl velocities are given.
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748,, Kordashenko, A, B, The stability of stiff- . IZAN MeMa
ened shells ZUBSR). no, 1

. 115-120
In a study of the stability of double~
curvature shells with arbitrarily
located stiffeners, the state of stress
of the shell itself is examined by the
use of the principle of virtual dis-
placements; a variational equation 1s
obtained which furnishes the differential
equations of elastic stability of a shell
with an arbitrary initial (precritical
state of stress,

749, Mushtari, Kh, M, Making the approximate IsAN MeMa
theory of sandwich plates more exact, no. 1
125-130
The state of equilibrium of a sandwich
plate with elastically orthotropic face
layers and a light core is discussed,
with core compressibility taken into ac-
count, An approximate formula of the
critical forces of both face layers 1s
derived. An exact formula for these
forces i1s alsq presented and its deriva=
tion 18 outlined, The values of critical
forces obtalined by approximate and exact
formulas are compared with values given
by other authors.

750, Sokolov, F. A. A spherical axisymmetrically IzAN MeMa
loaded shell. no, 2
150=-157

Two cases of a spherical shell under a
symmetrical load are analyzed: 1) a shell
with a small circular hole at the top;
and 2) a oclosed shallow shell (without a
hole). It is assumed in case (1) that
there is no interaction of the edge of
the hole with the edge of the shell or
with any other oross section, / sugges-
tion is mads on how to apply this method
for large central angle of the hole (large
holes). In case (2) there are no special
oonditions on the top.

- 231 -



751,

752,

754,

Mushtari, Kh. M.

Bolotin, V, V. Unsteady flutter of plates

and shallow shells in a gas flow,

The unateady flutter of plates and
shallow shells in supersonic gas flows

is discussed, Solutions are sought

for transient regimes with simultanecusly
variadble parameters of veboity, density,

and tesperature, Approximate equations
:o:itta flutteor amplitude and phase are
erived,

Bolotin, V., V. The effect of membrane
atresses in thin shells on their natural
vibrations,

An asymptotic method is used in investi-
gating the spectra of natural vibrations
of thin elastic shells, with the initial
membrane stresses in the middle surface
taken into account., The known initial
equations for deflections comparable with
the mhell thickness are used,

wich shells with layers of varlable thicke
ness,

Generalized expresslons for stress-strain
relationships in nonsymmetrical sandwich
shells with nonuniform temperature fields
are extended to shells with variable-
thickness face layers and minimal volume
(weight).

Balabukh, L, I,, and L. A, Shapovalov.

Contact problems of stiffening membrane-
stressed shells of revolution by rings.

The flexure and stability of circular
rings used for stiffening membrane-
stressed shells of revolution are examined

The theory of shallow sand-

IzAN MeMa

no
103-213

ISAN MeMa
no,
52-60

InAN MeMa
no,
T1=76

IzAN MeMa
no, 4

T7=-90

g



from the standpoint of contact problems.

A general discussion is presented of an
elastic system consisting of two arbi-

treary membrane~-stressed shells of revolution
Joined together by an inextensible oirocu=
lar ring which is continuously loaded

by the action of the shells,

755, Vasitsyna, T. N. The stability of an axially IsAN Nella
compressed oylindrical sandwichetype panel. gg% 139

Stability equations previously derived
for nonsymmetrical shalloaw sandwich-type
shells with orthotropic face layers and
orthotropic rigld cores are used to inves=-
tigate the stablility of a shallow oylin-
drical panel with a light-weight isotroplo
core, layer and isotropic face layers of
different thicknesses,

756. Landa, P, S,, and S, P, Strelkov, | JEAN MeMa
Flutter of a wing under nonlinear no, 5
aerodynamic forces, 111 =117

Results of investigating the effect (om
an electronic analog computer) or
flexural ~torsional utter o? a
cantilever wing with a nonlinear
dependence of aerodynamic forces at
hypersonic speeds onh the angle of
attack are presented, The depen-
dence of the flutter speed on wing
parameters and initial disturbances
is obtained, and the effects of
the value of the ratio of f1

to torsional frequencies and of

the presence of the fuselage are
discussed.

757. Razghivin, K, A, Stress distribution in @ pen IsAN NeMa
circular oylindrical shell clamped on '

no, 5
straight edges. 147-150
An approximate method 1s presented for
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758.

759,

determining the atate of stress in a
shallow, oirculsr shell under arbitrary
loading, with clamped straight edges with
exactly satisfied arbitrary boundary
conditions on the oiroular edges. A sample
strain analysis is given for a long,
shallow, circular cylindrical shell
olamped on all [four) ciges under the
following loadings norual to ita surfaoces
uniform continuour, hsdrostatic, and that
caused Wy wind,

Durgar'yan, S, N, On thermal stress
snalysis of an orthotropic plate
with consideration of tranaverse
shear,

The effect of tranaverse shear on
thermal stresses in a rectangular
orthotropic plate is analyzed under
the assumptions that elasticity
constants and the thermal expansion
coefficient of the material are
temperature-dependent, and that the
strains over the plate thickness are
determined by free thermal expansion.
The shear-stress-distribution functions
are given,

Aleksandrov, A, Ya. An analogy between
stress functions in elasticity theory.

An analogy between stress functions of
the axisymmetrical and plane problems of
elasticity theory 1is established, Some
new solutions of the axisymmetrical problem
of an infinite, hollow, heavy cone are
found for 80lid or hollow semi-infinite
wedges The problem is worked out in
polar zplane and spherical) coordinates.
It 18 shown that the proposed method

also makes possible an analogous aolution
in other coordinates,
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(60, Malkina, R, L. Plates and shells under
vibrational loading.

Under discussion is the behavior of
gixroular and rectangular thin plates

and of cylindrical and shallow spherical
shells under the action of forces changing
according to a harmonic law, The proposed
method of analysis is bdased on the faot
that all normal forced vibrations of the
systen are of the same frequency and phase,

701, Yershov, V. V., The stability of aaymmotrioal
sandwich plates,

A rectangular sandwich plate, .supported
along two opposite edges and compressed
by forces applied at these edges, 1is
discussed, The determination of the
oritical forces is based on equations and-
relationships established by Knh. M,
Mushtari, without taking account of the
flexural rigldity of the outer layers

and the compressibility of the oore.

762. Kabanov, V, V. The stability of a

circular c¢ylindrical shell in a
nonuniform temperature field.,

The local stability of a long

circular c¢ylindrical shell sub-

Jected to longitudinal forces variadle
along the circumference (due to
heating) 1s studied, A sample analysis
of the thermal stability of a shell
partially filled with 1iquid at 0°C

and surrounded by a medium of arbitrary
temperature is given,

763, Sverdlov, A, I, (Moscow Aviation Institute).
The design of a stiffened cylindrical shell
under concentrated loads,

The state of stress in a circular coylin-

dricsl shell stiffened by stringers and by
frames under concentrated loads applied
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to longitudinal beams on the outer surface
1s cmama-ban;l-;;“;nom: 1:;::: and sheil
are as ano's
principle to tL‘gnn-ahcn systen,

764, 84dvehikov, B, Ye, Statioc-flexure and free- IzVUZ
vibration equilidbrium equations of irregu- no. 2
larly-shaped cantilever plates, 86-94

The application of the variational Lagrange
equation in the analysis of flexure. and
vibration of a uniform-thickness cantilever
plate by substituting the deflection in
polynomial form (thus obtaining a system

of ordinary linear equations) is general-
iged to tg; o;:;.:r A‘xariable-thiognolgeh
+drregularly s quadrangular plate w
icragzht edges located arbitrarily relative
to each other.

765, Akhmed'yanov, I, S. A method for integrating Izvuz,
flexure equations of a spherical shell 20. 3
2-T70
A new method for the exast integration of
equations whioh desoribe the flexure of
spherical shells under symmetrical loading
and arbitrary dboundary conditions is dis-
ocussed, The simplified solution of basic
equations gives the expressions for forces
and moments per unit length, as well as for
strains and displacements, in series form.

76u, Yefimov, I. A. Plastic stability of a cor- Izvuz, . -
: rugated-core cylindrical sandwich shell no, 3
under combined loading. 79-86

The stability in the small of a simply sup-
ported circular cocylindrical sandwich shell
under external pressure combined with axial
compression is investigated. The core layer
is made of corrugated sheet material. 1Its
strains are assumed to be in the elastic
range at the instant of the loss of stability,
while the conventional face layers are
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strained dbeyond this range. The o ted
oore is treated as an orthotropic sol
hnv:.n; equivalent elastio characteristiose,
and the flexural rigidity of the isotropic
face layers is taken into acoount,

Sivohikov, B, Ye. Variational mechod for IsVUZ, AVT
analysing static flexure and free vibra- no, 3
tions of a cantilever plate. 102-110

The static flexure and free vibrations of

a reoctangular, elastioc, continuously loaded,

rigid plates of variable thiciness (in both

longitudinal and lateral directions) with

1tl 1 amped dgo nonparallel to the free-
lateral are analyzed, and the

otroot of root bovcuns on the ricmru

and vibratiocnal dehavior of this swept-

wing-form plate is examined.

Burmistrov, Ye., F. An analysis of struo- ' IsVU2Z, AVT
turally orthotropic shells of revolution, ;‘?:-6
T

By starting with equilidbrium equations for
shells of revolution and using the relation-
ships betwesn elastic forces and the strains
of the middle surface of structurally oxrtho-
troplc shells of revolution, as well as
between strains and displacements, a
general solution of shell-behavior problems
is obtained., A mltilayer shell with an
odd number of orthotropic layers symmetrical
about the middle surface and a two-layer
shell with isotropic layers of different
elastio properties are treated as special
cases of the general solution,

9., Il'gamov, M, I. BEquilidbrium and vibration ~ IsWUZ, Avr
equations of asymmetrical sandwich shells, &: & .

Thin asymmetrical sandwich plates with
orthotropic cuter layers and an ortho-
tropic oore are discussed, taking into
account the linear deformability of the
core over its thiclkmess, Free vibration
and stability of a sandwich are analysed
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770,

171,

772, Twardosz, F.
The

by using the equations derived., A numeri-

cal example ¢of calculating the oritical

loading of an infinite thin sandwich plate

in symmetrical and skew-symmetrical buck-
ling is given, ‘

Sachenkov, A, V. Determining the lower

buckling loads of thin shells,

An approximate method is proposed for
determining the lower critical load in
io0cal buckling of thin shells. The
anisotropy of the material and effect
of initiagl imperfections of the middle
surface are taken into account,

Gerasimov, I, S, (Institute of Mechanics,

Academy of Sciences, UkrSSR). The effect
of a moving load on & conlical shell.

It 1s assumed that an elastic infinite
circular conical shell with a wall thick-
ness proportional to the distance from
the vertex is under a constant axially
symmetric pressure which 1s moving with
constant velocity from the cone vertex in

the direction of its axis., An infinitesimal
element of the conical shell is analyzed in

a movable coordinate system, Displacements,
stresses, and bending moments are determined,

dynamic atability of a conical shell

under longlitudinal and transverse continu-
ous pulsating loads.

Equations of the dynamic stability simply
supported thin conical shells are derived
from equations of their static stability,
Equations for oritical frequencies are also
derived, and resonance rauges are determined,
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773,

174,

775,

776.

XKan, S. N, Flexure of circular cylindrical

shells,

The flexure of 80l1id and sandwich-type
eircular cylindrical shells stiffened bdy
diaphragms rigid in their own planes 1s
disocussed under arbitrary support oconditions,
and external loading varying in axial and
lateral directions,

Kovalov, K, V. The effect of a stiffening

ring in a cantilever circular cylindrical
shell,

Cylindrical shells with a length 1 to 5
times greater than their diameter, fixed

on one end and provided witlr a stiffening
ring (frame) at the free erd, are discussed,
Lines of influence, obtalned experimentally
with the use of celluloid models, are used
to determine the normal and shearing foroces,
and bending moments acting on the frame, The
method acan be applied to stress analysis of
any anisotropic shell, and fo cases where
the analytical solution is either impossible
or involves sonsiderabie difficulties.

Kan, S, N. The stability and natural vibra-
tions of oylindrical sandwich shells,

The dynamic behavior of a c¢ircular oylindri-

cal sandwich shell under uniform radial pres-
sure and axial pressure uniformly distributed

along its ocircumference is discussed.

Petrov, V., V. (Saratov Polytechnical
Institute). State-of-stress analysis
of plates and shallow shells under
finite deformations by the stepwise-
loading method,

An approximate method of solving nonlinear
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differential egquations which desoribe the
state of stress of plates ard shells 1is
proposed, The whole load aoting on the
structure is divided into parts which are
tu{litd lt‘pﬂil. until the structure 1is
loaded. The steps are s0 seleoted
chat the deformations are small compared
with the thioclkness of the structure, and
a linear load-deflection relationship can
be assumed.

777, Yershov, N. P. The equilibrium of flexible PNe
elastic-plastic shells and plates, 3598‘930. 5

Expressions showing the effect of the

local plastic deformations (buckling) of

plates and shells under loading beyond

their oritical state are derived in terms

of strain and stress functions, It 1is

assumed that these bucklings (treated as

initial imperfections) are small if ocompared

with the thickness of the plate (shell).

The post-buckling behavior of rigid plates

(where Euler stresses are near the yield

point of the material) is also indicated.

778, Tsurpal, I. A, Experimental determination

PMe ‘
of constants of the nonlinear elasticity v. 8, no. 5
theory. 555-563

The constants of H. Kauderer's law of non-
linear e¢lastlcity - the bulk modulus, the
shear modulus, and functions defining the
physical nonlinearity of the material — were
determined experimentally, plotted on stress-
strain planes, and approximated by fitting
polynomial curves, The procedure for deter-
mining the cuonstants from dlagrams is out-
lined,

779, Karpov, M, I, Strength problems of stiffened PMe
shells. v. 8, no. 6
619-626

The strength of a c¢ircular cylindrical
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shell stiffened by equally spaced stringers
of identical geometric and elastic charac-
teristios is discussed. The faces of the
shell butt against diaphragms rigid in their
planes but easily deformable in the trans-
verse direction. The shell is under arbdbit-
rary extemal loading, and its strength

is treated as a contact problem,

7du. Ryzhov, O, S, The energy of sound waves,

Analytical expressions for sound-wave
energy are derived,

161, Ryzhov, 0. S., and G, M. Shefter. Energy

of sound waves propagating in moving
medla,

An equation 1s derived describing sound-
wave propagation in arbitrary nonuniform
moving medla, and an lnvestigatlion 1is
made under the assumption that the width
of the perturbed gas is small as compared
with the radius of shock-wave curvature
and with the distance over which the
initial parameters of the medium change
substantially,

782, Ndgul, U, K., Asymptotic theory of statics
and dynamics of circular cylindrical
shells,

A linear theory of the statics and d/mamiocs
of elastic, circular cylindrical shells is
developed on the basis of an asymptotic
approximation of the three-dimensional
elasticity theory. From this asymptotio
theory it 4s possible to determine, with

a srall asymptotic errcr, the slowly
changing state of stress in the shell.
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783, Ldbrescu, L. The dynamic problem of shallow Rev MeAp
viscoelastic thin shells, v, T, no, 4
781-795

The vibrational behavior of thin shallow
shells of oconstant thiclkiess made of visco=-
elastio, isotropic, homogeneous, physically
linear material of the Maxwell type 3is
discussed under the assumption that the
Kirchhoff-Love hypothesis is valid.

']8“. DOl'erg, Me D.’ md v. Io Malykhino A RE-PPOKOH, Sb
general design method for shells of no. 8
revolution under symmetrical loading. ﬁ. % 62

7~

An approximate method of structural
mechanics for investigating the states
of stress and strain of symmetrically
loaded thin-walled shells of revolution
with an arbitrarily shaped meridional
section 18 proposed, The method 1is
similar to Ritz's; however, it ensures
the convergence of successive approxima-
tions to tha exact solution, and thus
.facllitates determination of the value
of the error.

785, Kan, S. N, The stability and static and RaProKen, Sb
dynamic strength of eircular cylindrical no, 8
sandwich shells. M. 1962

Problems in designing oircular cylindrical
sandwich shells -~ for flexure, stability,
and vibration -- are discussed under the
assumption that there is a distortion in
the cross-sectional contour of the shell,
The conventional hypothesis of infinite
rigidity of the core layer in the radial
direction and zero rigidity in other
directions is accepted., The flexure of

a thin sandwich shell stiffened by circular
frames rigid in their planes is investi-
gated under arbitrary loading and support
conditions. The stability and vibrational
behavior of simply supported and clamped
shells are examined,
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786, Kan, S. N, The strength, stability, and RaPro Sb
load-carrying capacity of construction- no.
ally orthotropic cylindrical shells, gg.iggt

The problems of flexure, and elastic

and plastic atability under radial
pressure and uniform axial ocompression,
and load-ocarrying oapaesity of oconstruc-
tionally orthotropic oylindrical shells
are investigated, Cylindrical shells
stiffened by stringers and cirocular frames
and shells made from corrugated sheets

are discussed, with the effect of the
stiffening (or of ocorrugation) taken into
account by introducing equivalent thicknesses
and flexural rigidities in both axial and
circumferential directions,

787. Moiseyev, N,N Variation problems 1in the ch Ts ogr.
theoryzﬁ‘oscillation of liquid and Oﬁéﬁ& mgﬁ
liquid=-filled bodies. ?1§362

The use of varlational methods in
solving the problems of oscillation of
bodies filled with liquld is discussed
and substantiated. The stability of
the body=liquid system is investigated.,
The convenience of the methods for use
on electronic computers 1s emphasized.

AN Vych Ts Monogr.

768, Bublik, B, N., and V, I. Merkulov, Dynamic Variats, Metody
stability or 1iquid-filled rib-gtiffened N, e
thin elastic shells. 119-178

The dynamic atability of thin, stiffenasd,
elastic shells filled completely or
partially with an ideal incompressible
liquid is analyzed by using variational
methods, The stiffeners are flexurally
rigid in a plane normal to the middle
surface and are rigid in tension (comp-
ression); their joint deformation with
the shell 1s secured, The shell-liquid
system described is woted on by arbitrary
time-dependent loads applied to the
shell surface.
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789,

b),mﬂ:lowé A. P., and L. M, Kurshin, The

stability of ocirocular oylindrical shells
under oreep conditions,

The oreep stability of hollow cylinders
is investigated on the basis of analysis
of accelerations of disturbed motions.
In this respeot, a shell is stable (un-
atable) when a disturbance in the form
£ an initial buokling causes a decrease
gmornso) in the rate of its development.
t 1s assumed that stresses in the shell
before buckling are distributed uniformly

:10:5 its thickness and are not time depen-
ent.

790, Xuzmak, G, Ye,, V. K, Isgyev, and B, kh,

191,

192,

Davidson, Optimal regimes for motion
of a variable mass point in a homogeneous
central field.

The optimal regimes for controlling the

reactive thrust and its angle of inclination

in a plane motion of a variable-maas point
in a homogeneous central gravitational
field are established by using Pontryagin's
maximum principle.

Kil'chyns'ka, G. A. The thermoparametric

resonance of a circular cylindrical shell
in an unsteady temperature field,

The influence of a nonstationary, period-
ically changing temperature field on the
stability of a simply supported circular

cylindrical shell without external loading

and initial atresses in the middle surface
is analyzed under the assumptions that the
temperature over the shell thickness and
the dependence of the elasticity modulus
and of the thermal expansion coefficient
on the temperature are all linear.

B. M., Bublyk. Vibration and stabilicy of
a stiffened cylindrical shell in a com-
pressib'a flow,
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193,

7yl

795,

The vibractional and buckling behavior of

a simply supported, closed, elastic,
cylindrical shell with a discrete arrange~-
ment of actiffening frames 1s investigated.
The shell is in a potential flow of in~-
viscid fluid along its longitudinal axis,

Valilenko, M. V., and Yu, 0. Klikh ‘Institute

of Cermets and Special Alloys, Academy of
Sciences UkrSSR), Mechanical vibration {in
a variable-temperature field.

The applicability of asymptotic methods,
developed by Yu, N, Mitropol'skiy for
investigation of transient processes with
a small variation of parameters per cycle
in nonlinear vibratory syatems, is illus-
trated by a sample analysis of forced vi-
brations of a system with s single degrees
of freedom (a cantilever bar with a large
mass at the free end) in a time-variasble
temperature fiaeld.

Goncharenko, V. M, (Kiev Polytechnical

School). Determining the average
time of snapping of a cylindrical panel
under a random pressure.

The time-related buckling behavior of a
shallow oblong cylindrical panel under
uniform normal pressure combined with
stationary random perturbances which speed
up its buckling, is discussed. The loade
carrying capacity of the panel can be*
estimated from the duration of the time
dnterval up to buckling.

Manevych, A, I. Optimum design of a

stirffened oylindrical shell under
uniform external pressure,

A medium-length or a long cylindrical

- 25 -
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796,

797,

798,

Karpov, N, I,

shell of given wall thickness divided
axially into seotions by frames of
different rigidity and sudbjected to
uniform external pressure is disoussed,
ass the same dbuoil stability in
all seections., The rigidity parameters for
shells with one, two, and frames

are determined. The attaining the equi-
stability by o ing either the spacing
or the rigidity of frames is mentioned,

On free vibration of a stiffened cylindrical
shell,

A method of solving the almost unsolvadle
problem of free vibrations of a shell with
a discrete spacing of stiffeners ies pre-
sented, The method based on exact compli-
ance with vibration equations of a stif-
fened shell yiealds an expression for fre-
quencies in the form of a transcendental
equation which is convenient for the qual-"
itative investigation of the frequency spec~
trum and for numerical computations as well,
The problem is treated as a contact problem
in the theory of shells.

Antipov, O. O. (Nikolayev Shipbuilding

Institute). Flexure of sandwich plates
under nonuniform heating.

The flexure of asymmetrical sandwich plates
with a rigid isotropic core and faces of dif-
ferent thickness made of different materials
is analyzed. Flexure parameters of such a
plate compressed in its plane under lateral
loading combined with nonuniform heating

(by a linear source) are determined,

Aleksandrov, G, V., and V, K, Svyatodukh,

Controllable motions of winged afrcraft
in the plane of symmetry,

Controllable motions of aircraft of various
- 2U6 -

(Institute of Mechanice, UwrSSR),

DopAN UkrSSR
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design configurations (conventional, canard,
end pivoting wing) with respect to the rel~
ative position of the control force and the
center of gravity are studied, An attempt
{s made to determine tha apecific nature of
the asrodynamic characteristics iahereat

fa the various layouts by taking the countrol
force 16 into account,

W.ﬁ"‘.m L
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799, Karnoshitaskiy, V, P, Stability of a simply IaZh

supported sandwich plate under pura ve 3, no. 1
flexure. 183-186

The buckling behavior of simply supported

syametrical sandwich plates subjected to

bending in twvo orthogonal directions is - Y
examined under the assumption that the R
hypothesis of straight normals is valid

for the outer layers and that the core-

layar material obeys the general relation~

ships of the elasticity thgory.

800, Livanov, K. K, (Institute of Mechanics, InZh ;
Acadenmy of Sciences USSR). Axisymmetrical Ve 3, mo, 2 :
vibration of cylindrical shells in a su- 322-330

personic gas flow,

A method of investigating axially symmet-
rical vibrations of a cylindrical shell

in a supersonic gas flow along its longi-
tudinal axis is given. The method produces
an exact solution when inertial forces due
to all displacement components are taken
into account, The vibrational behavidr of
the shell in quiet gas (or in vacuum) {is
also discussed.

|
|
L

801, Kukudzhanov, V. N, (Moscow). Propagation of InZh
spherical waves in a viscoelastic wediunm, Y. 3, mo. 3
472-481
The propagation of spharical waves is in-
vestigated in an infinite linear visco-
elastic solid having a spherical cavity om
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vhose bdoundary a time-dependent, uaifora
| impulse pressure (or velocity) is applied,

802, Tryanin, I. I, (Gor'kiy), The effect of InZh
transverse loading on the stability and Y. 3, no. 3
skin-participation factors of a contin- 3504-312

yous wmultipanel plate under compression.

The buckling stability of an infinite
elastic plate with an orthogonal system
of aquidistant stiffeners simply sup-
porting the skin 1is investigated, The
plate {s under uniform continuous trans~
verse load and is compressed along the
stiffeners in one direction, either ten~
eion or crmpression is applied to the
plate along the stiffeners in the other
dixection,

803, Sokolovekiy, V. V. (Institute of Mechanics,
Acadeny of Sciences USSR). Plastic flaxure
of a circular plate.

The flexure of a circular plate, simply
supported on the edge, beyond the elastic
range 1is discussed. The plastic-bending
behavior of the plate under normal pressure
is exanined over the whole area of the plate
and over the area of a smaller concentric
circle,

804, Kozarov, M., (Sofia). The stability of
orthotroplic shells under temperature effects,

A system of differential equations for
solving problems associated with the thermo-
elastic stability of orthotropic circular .
cylindrical shells is derived, starting with

IaZh
Ye 3, no. 3
563-368

InZh

ve 3
no. 3
579-584

Love's basic equilibrium equations for isotropic

shells and assuming a membrane-stress state
of the shell priop to buckling. .Thermal

- 248 -



buoking of a shell in a temperature field 1s

investigated, This bucklMng is caused by a

considerable difference in temperatures of the

skin and of inne> shell elements,

805, Darevekiy, V. M, (Moscow). Stability equa-
tions of cylindrical shells.

General differential aquations describing
the buckling Lehavior of medium-length
cylindrical shells under torsion com-
bined with axial compression are darived.

806. Kalinin, V. N, Bquations of motion of an
artificial earth satellite,

A complete asystem of exact differential
equations is derived which descoridbe the
controlled motion of a satellite with a

s ¢ constraint: that the gravitational

InZh
v. 3, no, &
638-664

Iﬂébmz
no, 1
238-245

field must be central, The equations derived

will facilitate the study of such mansuvers

as automatic approaoh on the orbit, or

maneuvering in close vicinity of the orbit,

A coordinate system moving al a ocentral

elliptic ordbit and a fixed one (in the

center of Earth) used., Systems of ap-

proximate (linear) equations are alsoc deduced,

807, Shamiyev, F. G. The design of minimum~-
weight shells,

The yield conditions for the maximm
reduced stress is used to odbtain the
lower limit in the minimum-weight
prodblem of a oylindrical shell under
unifora internal pressure,
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Bapdasaryan, Zh. Ye., On the stability o* IzAN MeMa
orthotroplic shallow shells in sunersonic no, 1
gas flows. 92-98

The flutter behavior of a thin, orthatropic,
rectangular, simply=-sunnorted, shallew, constante
thiockness shells of constant double curvature

is discussed in linear formulation. There 1is

& surersonic gas flow on one side o the shell,
The effect of transverce displacements on the

flutter parameters is analyzed.

A qualitative

analysis in the case of a wealt aerodynamic non-

linearity 1is given.

809. [Kabanov, V, V., Stability of a circular IzAN MeMa
oylindrical shell under nonuniform no. 1
comprcssion, 181-103
The linsar prodblem of the local
atabllity of a circular, closed,
sylindrical shell under oirocum=
ferentlial axial compression forces
distributed along the fece adges
agooxrding to the cosine law 18
discussed, The chell is abutted
on its faces against rigid dia~
phragns.

810, Grigolyuk, E, 1., aud D, D, Chulkev, Theory IsAN MeMa
of sandwich shells with & rigid c»ore. no. 2

75-80
The vibrations of an arbitrarily shaped
sandvich shell with face layers and core
of different constant thicknssses and ms.
of different orthotropic matarials ia dis-
cussed. The Kirchhoff-Love aypothesis is
velid for the faces; the core is rigid;
compressidbiiicy in transverse directicn is
approximated by linear functions,.

811, Landa, P, 8., and Yu, V., Ponomarev., A simu- ISAN MeMs
lagticn methnd for boundary value problems, no, .

‘ 7135-80

A method is prasented for the golution of
- 250 -



812,

813,

814,

natural vibration prodblems in linear in-
homogeneous systems with distributed pa-
rameters by using electronic models with
d=-c smplifiers., The method can be applied
to tha aigenvalus problems with bouadary
conditions of a general type and also to
the solution of the problem of self~-induced
vibrations (for example, ving flutter prob-
lems).

Lawmper, R. Ye., and L. G, Shandarov (Novosi- IsAN MeMa
tirsk). Theoretical and experimental inves~- no., 3
tigation of self-induced vibrations of cyl- 358-64
indrical shells in a gas flow,

The dynamic stability of finite~length
cylindrical shells and curved pasnels in
a suparsonic gas flow parallel to their
genzractricas is discussed, taking into
account tha asrodynawmic excess pressure
genaratad by flow disturbances caused by
the normal dieplacements of the shell
surfasce. Spacial attention is paid to
peculiarities in deaigning short cylin-
drical shells and panels.

Bolotin, V. V., (Moscow)., On the theory of IsAN MeMa
laminated plates. no. 3
63-72

The equations of flexure, with boundary
conditions, of elastic plates built up of
n "rigid" and n-1l “soft"” alternate laminas,
both ol constant thickness, are derived.
The behavior of this "multilayer sandwich"
under normal continuous load is discussed.

Fal'mov, V. A, (Leningrad). Dependence of IsAN MeMa
stress concentration on the surface quality ne, S
of machined parts. 60-66

The stress distribution over the surface
of machined parts is discussed and the
stress—concentration factor is determined,
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815.

816,

817.

The surface roughness is regarded as & model

of a stochastic field with certain sta~
tistical stress characteristics which are
deternined by the methods of the random-
function theory. Asymptotic mathods are
used in cases of minute surface-roughness
h.i'ht.o

Aksel'rad, E, L, (Leningrad). Designing a

corrugated diaphragrm as.a nonshallow shell,

Equations for large axisymmetrical dis-
placements in elastic shells of revolution
previously derived by tha author are trans-
formed to a form suitable for determining
large deflecticns of rotationally symmet-
rical corrugated diaphragms of an arbi-
trary cross—-section profile with various
types of rim clamping. The effect of
geometrical corrugation parameters (ampli-
tude, wavelength, thickness, diameter of
the flat central part) on the pressure-
deflection characteristics is discussed.

Mushtari, Kh, M, The range of applicability

of approximate theory of asymmetrical sand-
wich plates.

An approximate theory of asymmetrical sand-
wich plates based on the hypothesis that
the transverse shear in the core layer is
constant over its thickness is shown to be
applicable to & large number of flexural
problens concerning sandwich plates. The
validity of the theory is demonstrated 1in
the case of the cylindrical flexure of a
eimply supported plate under s latersl load
acting on the upper face layer.

Darevskiy, V. M, (Moscow). Determining the

critical pressure for a cylindrical shell
stiffened by arbitrarily epaced rings of
different rigiditcy,
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g18,

619.

320,

The author's method for stability analysin
of a cylindrical shell stiffened by equally~-
rigid equidistant rings and subjected to
external normal pressure is generalized to
the case of & cylindrical shell with sim-
ply supported faces and stiffened by ar-
bitraerily spaced rings of different rigid-
ities.,

Pal'mov, V., A, (Leningrad). Stress concen-

tration close to the rough surface of an
elastic solid,

The concentration of stresses caused by the
surface roughness of machined parts is dis-
cussed, A sample expression for the stress~-
concentration factor is derived.

Kononenko, V. 0. (Moscow). On oscillations

of a body about its centroid.

The oscillation of a body joined by elastic
springs to a stationary frame and subjected
to the action of external moments is inves~
tigated. The center of body's mass is im-
movable and the moments directly excite
oscillations about only one coordinate axis.
Ceses of indirect excitation of oscillations
about other coordinate axis are discussed

in nonlinear formulation. Stability con-
dictions of a disc,; a sphere, and a cylin~-
der are discussed and pertinent equations
are derived. -

Kan, S. N,, and D, Ye. Lipovskiy. Combined

compression and flexure of stiffened cir-
cular cylindrical sheslls.

The states of stress and strain of circular
cylindrical shells stiffened by stringers
and rings are analyzed. The shells ars sub-
jected to transversal loading combined with
axial compression uniformly distributed
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g21.

822.

along the facec. The effect of manufac~
turing imperfactions of the shell's middle
surface 18 taken into account. The probdlem
{s discussed in a linsar formulation under
conventional assumptions of the theory of
elastic thin shells,

Malkina, R. I., and V., G, Godzevich. Fres

vibrations of zero-curvature shells.

Axially symmetrical free vibrations of
arbitrary cylindrical and conical shells
are discussad under the assumption of
multivave deformation, The differential
equations of V., 2. Vlasov for arbitrary
shallow shells with a large index of vari-
ation are simplified for the case of zero
curvature and used to analyze the vibra-
tional behavior of noncircular cylindrical
and circular conical shells.

Rabinskiy, N. L. Designing cantilever plates

by Vliasov's variational method.

An approximate method of designing canti-
lever plates of constant cylindrical rigid-
ity is developed. Plates with planforms

of the type used chiefly for airplane wings
== rectangular, tapered, and triangular =—
are discussed.

823. Kurshin, L. M, On derivation of variational

<

equations for a shallow cylindrical shell
with thermal. stresses taken into conside
eration,

The principle of virtual displacements with
introduction of two potential functions (in
forces ind in displacements) 1s used in the
derivation of varliational stabillity equations
for the force-deflection relationships (in-
cluding thermal buckling) of a heated thin
shallow cylindrical shell under final de-
flections. The fundamental relationships of
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shallow shell theory are used as initial

equations,

g24, Kan, S. N., and D, Ye, Lipovskiy. Load IzVWUZ, AvT
carrying capacity of stiffened, thin, no. 2
eircular cylindrical shells under 3443

[axial] compression,

The article concludes the work of the
authors which was published in 1zVUZ, AT,
no. &4, 1962 [79], and no. 1, 1963 [33],
by presenting a simple method for pre-
dicting the load-carrying capaclity of a
thin compressed circular cylindrical shell
stiffened by a system of frames and
stringers and discussing the effect of
various construotional parameters on the
shell strength,

825, Kogan, B, I., and A, F. Khrustal'yev. The IsVUZ M
temperature field in an infinite shallow no, 2
cylinder. 60-62

The problem of determining the stationary
temperature field in an infinite shallow
cylinder is studied, The inner.surface

of the cylinder has a constant temperaturej
half the outer surface has a different
conscant temperature, while the other half
radiates heat into the surrounding medium
according to Newton's law,

026. Kan, S, N. Load carrying capacity of ' IzVUZ, AvT
oircular cyiindrical shells under 2" | 1
flexure, 3-69

The determination of thke load carrying
capacity of a c¢ircular cylindrical shell
from the view point of the local strength
of its material (not of buckling as a
whole) is presented, Problems of a
horizontal plain c¢ylindrical shell sube
Jected to pure flexure combined with
uniform radial pressure are discussed,
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£27. Keaplan, Yu, I. Analysis of axisymmetriocal 1zVUZ, AVT
state of stress in oylindrical shells 10, ﬂ
with disoretely spaced elastic frames. 70-T8

The effect of discretely spaced transverse
frames on the strength stability, and

free vibration of cylindrical shells is
examined, It is assumed that the end
frames are either rigid or elastic, and
the intermediate ones are elastioc in
their plane and perfectly pliable out of
it. The strength of shells under axi-
symmetrical loading and under flexure
ocombined with compression, is investi-

gated.

828, Ivanyuta, E. I., and R. M. Finkel'shteyn. LGU, MMe
Investigating the axisymmetrical vibration IslUpPro, Sb
of cylindrical shells. no, 2

90-104
The possibility of simplifying the initial
equations for axisymmetrical vibrations of
cylindrical shells is studied in order to
obtain the engineering dynamical-shell=-
design formulas. A system of homogeneous
algebraic equations is derived from which
the whole frequency spectrum of torsional
and combined longitudinal=flexural vibra-
tions can be determined.

829, Chernykh, K. F., and V. A. Shamina (Shell LGU, MMe
Theory Laboratory, Institute of Mathematics, IslUpPro, Sb
Leningrad State University). Designing no. 2
toroidal shells. 247346

Work is being carried out to systematize
and further develop design methods for
toroidal shells, 1In this presentation of
the first part of the planned work, the
basic general methods for designing tor-
oidal shells unaer conditions of symmetri-
cal loading are discussed. A chronoclogical
critical review of Soviet and non-Soviet
works in the field of toroidal=-shell
design showing the development of the art
is presented, and a list of 46 Soviet and
36 non=-Soviet references is given.
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830,

831,

832,

833.

Karavanov, V. P, (Candidate of Technical

Sciences). On large deflections of a
clamped cylindrical light-cors-sandvich
panal under uniform normal pressure.

Large deflections of a rectangulsr, cylin-

drical, shallow, symmetrical light-core-

sandwich panel, built~in on all edges, are

deternined in the first approximation.

The panal is under uniform normal pressure

acting on its convex side; the materiails

of its faces and core are isotropic, homo-

geneous, and elastic.

Nasarov, M, 0., (Leningrad Technological

Institute)., Free vibrations of circular
cylindricel and shallow stiffencd eshells,

The vibrations of shells stiffened by
stringers and transverse ribs or frames,
the tangential rigidity and torsionm of
vhich are neglected, are investigated.
The Ostrogradskiy-Hamilton variastional
principle is applied, and an equation for
determining the natural frequency {s
derived,

Karnaukhov, V. G, Analytical solutions of

free~vibration and stability problems of
conical shalls.,

Simplified Mushtari-Donnell=-Vliasov stress~

MoAvi
Voprosy pro.
no. 1
97-109

PMe
Ve 9. no. 3
249-258

PMs
Ye 9, no. 3
239-26)

strain equations are used to establish exact

theoretical solutions in tha analysis of

‘freae vibration and constructional stabil-

ity of cylindrical conical shells under
combined axial compression and external
aormal pressure.

Karpov, M., I, (Institute of Mechanics,

UkrSSR)., Stress and strain analysis of
a shell with unequally spaced stringers.
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The problem of the strass of a circular
eylindrical shell stiffened by arbitrary
spaced stringers having different geo-
metric and elastic parameters is treated
88 a contact problem of the theorias of
shells and beams,

834, Kan, 8, N.(XKhar'kov Higher Aeronautical PMe
Eugineering School). Load carrying capacity ve 9, no., 35
of otiffened and corrugated circular cyle- 465-472

fndrical shells under compression.

An attampt i{s made to develop a rela-

tively siuple method for determining

the load carrying capacity of construc-
tionally orthotropic (stiffened or corru-
gated) circular cylindrical thin-walled
shells under axial compression. The L. C. C.
is determined not from buckling conditions,
but from crushing stresses of the material,
Symmstrical and ssymmetrical manufacturing
irregularities are taken into account,

835. Komisarova, G. L. (Institute of Mechanics, PMe
Academy of Sciences UkrSSR), Longitu~ ve 9, no. 5
dinally corrugated cylindrical shells of 473-479

the optimum profile.

The problem of finding that form of corru-
gations which will-ensure & maximum buckling
load for a corrugation-cross=-section cyl-
indrical shell of a given weight is dis-

cussad.
836, Lurtye, A, I, PFree fall of a mass point in PMie
the cabin of a satellite, ;;927, no. 1

The path and veloclty in a free fall of

a mass point in the cabin of a satellite
performing a free flight (in the presence
of gravity only) and in a f1ight when
nongravitational forces (suoh as those
caused by aerodynamic drag of the satellite)
are present, are discussed.
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837. Tokarev, V. V, The effeot of random dsvia-

338,

840,

tions from the optimum-thrust gro;ran on
the motion of a variable-mass body with a
constant rower expenditure mwmoving in a
gravitational field,

The problem is reduced to determining the
ninimum averaged value of the inorement
of a characteristic acceleration (due to
he thrust) functional. The random errors
stipulating this inorement) inocurred in
realization of the optimum=-thrust program
which ocause deviations from the caloculated
trajectory are discussed as well as the
ocorrections of the thrust, their number,
and distridbution,

Chernyshov, G. N. Thin elastic shell of

arbitrary shape subjected to concentrated
forces and moments.

The characteristic features in stress~atrain
relations sre studied in the vicinity of
points whera concentrated forces or moments
are applied. The results of pravious fia-~-
vestigations by other authors are geaneral~
ized.

Suvorov, Yu. P, Spreading of thermal stresses

in an elastoplastic bar,

Propagation of stress waves in & samifinite
elastoplastic bar caused by sudden heating
of its free end was studied, Timae-depen-
dent thermal-stress distribution was as~-
sumed., A nonlinear heat-conductivity equa-
tion was used. Elastic and plastic regions
in the bar vere noted. The shock~vave ac~
tion is described.

Gol'denveyser, A, L. (Moscow). Development

of an approximate shell theory by asymp-
totic integration of the slasticity=-theory
equations.
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8ul,

842,

843,

An asymptotic method of integrating the
differential equations of elasticity theory
is proposed, by means of wvhich an approxi-
mate theory of shells can be established
vith the desired degree of accuracy ia a
vay analogous to that used for developing
sn spproximate theory of flexure of plates
in the asuthor's article published in PMMs,
v. 26, no, 4, 1962,

Karavanov, V. F, (Candidate of techrical

sciences). Stability and large deflec-
tions of oblong shallow cylindrical
light=core=sandwich panels under uniform
continuous transverse load.

An exact solution to the equilibrium problenm
of sn oblong, shallow, cylindrical, sandwich
panel under normal uniform pressure over

its convex surface is presented, based on
the theory of shallow sandwich shells with

a light-weight core layer, The flexural
rigidity of the face layers is not con-
sidered.

Vol'mir, A. S. Problems in elastic-system

stabilicy.

In his recent book, Stadbtlity of Elastie
Systeme, A. S. Vol'mir summarizes modern
methods of investigating the elastic and
plastic buckling of columns, plates, and
shells (mainly thin-walled) and presents
an extensive Soviet and non-~Soviet bib~
liography (468 items)., In the concluding
article, "Some Problems for Further Inves~
tigations" (pp. 837-840), he enumerates
the “"urgent problems in the theory of
stability of elastic systems."

Volkov, A, N, Conference on the theory of

shells and plates.

The Fourth All-Union Conference on the
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Theory of Shells and Plates, callaed by the
Presidium of the Academy of Sciences, Ar-
menian SSR, vvas held in Yerevan', 24 to 31
October 1962, and was attended by 437
raprasentatives of academic, departmental,
and industrial scientific research insti-
tutes, and planning and design ‘bureaus,
The work of the confarence was carried out
by five commissions devoted to the fol=-
lowing topics: 1) aseneral problems of the
theory of shells and plates; 2) stability
and nonlinear problams; 3) dynamics;

4) thermoelasticity, creep, and plasticity;
and 5) structural mechanics. A total of
181 papers vere presented in the sessions.

844, 1tvanov, G, V. (Novosibirsk)., On plastic ZhPHe TP
stabilicy of a cylindrical shell under ao, 3
axial compresaion. 111-116

The axisymmetrical buckling of a cyl-
indrical shell subjected to axial com-
pression is examined under the assump-
ticns that the material of the shell is
finconpressible and the strain-hardening
process is linear,

1964
845, Ohernoustko, F. L., (Computing Center, THE
Academy of Sciences, USSR). Motion of v. 28, no. &
a s0lid with a cavity containing a 735-7&5
perfect liquid and air bubble,

The motions of a sclid, of a perfect ine
compressible liquid filling out a cavity in
the solid, and of the center of a spherioal,
nondeformable, movable air bubble formed in
the 1iQquid are studied. The motion of the
80lid-liquid-bubble system is described

by energy equations using its momentum

and kinetic energy. Particular cases of
translatory and rotary motions are ana-
lyzed as well as the effect of foroces

and moments suddenly applied to this
syston on its motion,
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dub6,

Aayanteev, ¥V, V., MNotion stability of a PMMe
selid ril1ea witn 11quid possessing v“s?gsno.

e motion of & solid having a cavity
£1lled with two non-mixing perfect in-
compressidle liquids possessing surface
tension is investigated, Given potential
forces are aocting on the solid, and mass
forces on the liquids, The Hamilten-'-
Ostrogradskiy principle of least action
is used in deriving the equations of the
motion of the system with the bdoundary
conditions, The application of the results
obtained to the viscous liquids £illing
the cavity is indicated,

847, Petrov, A. A. (Computing Center, Academy PMMe

of Sciences, USSR). Variational formu- v. 28, no.
lation of the motion of 1iquid in a 7514-758
finite~-dimension vessel,

The nonlinear problem of oscillation of

an ideal incompressible liquid in a vessel
of finite dimensions 1is discussed in
variational formulation, The liquid
partially fills the vessel; the rest is
filled with gas. The kinetic and potential
energies of the system are considered in
determining the Lagrange function and the
Hamilton action integral from which the
solution of the problem is obtained.
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Acoustic and Sonic Boom
Auxiliary Devices




SECTION E MISCELLANNOUS

19%9
46, Ryvakoe, A, I. The rotaticasl motion of & celestial MO, GAL, Soob
bedy around its ceater of meas, - o, 118
' 33=h1
Results are given of the mmerical integration of
differential equations of the rotational moticm of
® homOgenous mass segment vhen the lengtk of the
segeent is sufficiently small,
849, _Novozhilov, V, V., (Leningrad). Dis- PMN
‘placement of a perfectly rigild body v, 23, no. 4
under action of an acoustic pressure T94=796

wave,

A pressure wave propagated 1in an infinite
£luid striices a body at rest (immersed in
the fluid) with a finite impulse, and
causes its finite dlsplacement, The body
is perfeotly rigid and its density can

be higher, equal, or lower than that of the
fluid (displacements due to the buoyanoy
are negiected). The body has two ortho-
gonal planes of symmetry (as related to
its shape and mase distribution) which

are perpendicular to the wave front. The
possibllity of solving this problenm

for a body of arbitrary shape is briefly
Aiscussed,

850, TFayzullov, F, S, (Physics Institute, Academy of Sciences OpSpe
USSR), K. N. Sobolev, Ye. M. Kudryavtsev. A spectro- v, 8, no, 6

scopic investigation of the state of gas behind a shock 761-768
Vlve. III'

The results of an investigation using the generalized
spectrum-line reversal method t0 measure the tempera-
ture of nitrogen and air behind a shock wave in the
range of shock-veve velocities from 1.9 to 4,5 km/sec,
and for gas pressures in the plug from 0.1 to 4 atm are
presented, The distribution of temperatures along the
plug is studied for various shock wave velocities,
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851. wa. K. P, ‘mum
serodynsmice. e, 5

ustions are given vhich defiue of the
2&1cnofmora.tsmodot to 20 km/sec
and an altituds of 100 km,

g .
0
852, Sayssov, Yu, 8. The kinetics of jonization behind & % 888R :
norsal shock wave ia air, v, 16, no, 2
h09=-h12
A theorstical study is made Of the kinetics of elec- 4
tron processes taking place behind a shock g
propegating in &ir, - :
?
b
853. Kuseetsov, K. M. (Institute of Chemical Fhysics, Acad- IoF7h
emy of Sciences USSR, Moscovw). Kinetics of chemical v. 5, 20,6
reactions during air expansioa, ‘ 97-101

The kinetics of chemical reactions ocorring in ex-
pending air (wvith subsequent adiabatic cooling) in
. the vake of hypersonic dlunted bodies is discussed,

W i oo e T

854, Vinogredov, R. I. Similitude and the oscillations of IzVUZ, AVT
bodies in liquid flows. oo, &
3.11

Complete similitude in the dewelopment of self-
induced oscillations in an elastic body in an incom-
pressidble 1liquid ia obtained,

855. Dromov, A. P., A. G. Sviridov, snd N. N. Sobolev. Con-

timous emission spectra of krypton and xenon behind: v, 12, 20, 6 ‘
a shock wvave, 6T7-690 E
The brightness and energy distridbution of the con- rv
tinuous spectra of krypton and xenon behind e shock '

vave vere studied at Mach mmbers from 11.5 to 15,
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8560 mm, | S 'o. end Yu, P. Lun‘kin (ww m‘“' 2659

techmical Institute). The excitation of moleculs v, 33, me. 1
rotations behind & shoock wvave, DY Y 4
The effects of varistions in gas f rs On

the excitatiom of rotationa) degrees freedom of the
molecules beyond a shock vave are analysed, It 1s
showm that the width of the relaxstion region is
sbarply reduced with increasing Mach mmbers of the in-
cident flov, A monatomic impurity has only a slight
effect on the width of the relaxation region,

1963

857, NMalkes, L, A,, and N, V, Kirsanov, Bz obr

Release system for a deceleration no. 17

parachute, 100

A patent was issued for & mechanism for

releasing a Wraking parachute with

‘Torced opening of tne container

compartment dour in case of an emergenocy

(accumulation of dirt or freezing)

by using air oylinders connected with

the compreased-air oirouit of the air-

ocraft,
858. Popov, Ye, I. (Institute of Physics of the Earth, IzAN, IFZe

Acedemy of Sciences USSR). Results of experimental no, 5

airborne determinations of gravity acceleration,

The purpose of the experiment was to determine the
difference betwesen the gravity acceleration on the
ground and that in the air. In 1960 measurements

were taken from an Il-lk aircraft equipped with three
highly-damped GAL gravimeters suspended in gimbals, a
gyrostabilized serial camera with a 70-mm focal-length
lens, two statoscopes, a radio altimeter, and two reng-
ing devices (flight line indicators),

859. Grimelyuk, E. I. (Novosibirsk), and V. L. A
Prisekin (Novosibirsk). Dynaéic interaction %:ofNéMeMa

between an orthotropic cylindrical shel? 25«35
and an acoustic shoek wave.
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PRI

I wwhwm““w, <,

360,

861,

Displacements in an infinite, constrictionally
orthotropic, thin, elastic, cylindrical shell
due to interaction with a nplane aconatic sho:k
wave are discussed, The shell consists o" n
homoreneous isotronic elastic skin stif®enn by
an orthogonal system o” idunticnl, equidistant,
elastic rinpgs and strinprers, The “ront o the
incident acoustic shocx wave is parallel to “he
generatridoes o the shell.

Ivenov, Yu. N. (Moscow), Motion of a varisble mass body Pide
Ve 2' . S
854-863

with limited power and given active time,

Several authors have studied optimal working cumditions
for mada af a varisble mass body with limited power of
the reactive Jet to find the optimal running time of the
engines, ‘The author generalites these results by pro-
posing & general method for solving the variational prob-
lem with given active time which is less than optimal.
He formulates the variational problem for the case cited
in the title and illustrates the genperal results by ana-
iyzing optimsl moticn in a plane-parallel gravitatiomal
field. KHe investigates two limiting cases for regulat-
ing a propulsion system: an ideally regulatadle system
verisble optimal ti.ust) and a nonregulatadls systew
constant thrust),

Xrasovskiy, Yu. P.; M. A, Lavrentiyev; N. N. Moiseyev; ZhPNeTT

A. M. Ter-Krikorov; A. B. Shabat (Novosibirsk, Moscow), no. b

Mathematical problems of the hydrodynsmics of s liquid  3-16
with free boundaries.

The article reviews Soviet publications of the last
four years dealing with investigations in the theory of
motion of a liquid with free boundaries. Data available
from the authors® survey reports presented at the IV
Vsesoyuzayy matematicheskiy s"yesd (Fourth All-Union
MNathematical Congress) in Moscowv in 1958 are used in
this peper.
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1.

2,

e

10.

11.

12,

13,

Abbreviations of Sources Used in This Report

AkZh
AN GruzSSR,
Sooh Sb

AN LAtSSR, Sb

IAvtMe, OFIN

AN UkrSSR

AN Vysch T8

ApM

Arch BMa

Arch Me Sto

ASa JS3R

I Str Kn, Tr

A8 Zh

AvKos

Avt Te

AY

Akusticheskiy Zhurnal (Journal of
Acoustiocs)

Soobshcheniya, Svornik, Voprcsy :iinamiki
1 prochnosti (Acaceny of Sciences QOeor-
gian SSR. Coumunicaticns, Collecte:
Articles. Problems of Dynamics and
Strength of laterials)

Svornik, Voprosy dinamiki 1 prochnoati
(Acadeny of Sciences of Latvian SSR, In-
stitute of Automation and Mechanics,
Collected irticles, Problems of Dy-
nanics and Strenglh of Materials)

Academy of Sclences Ukranian SSR
Institute of Mechanlcs

AN SSSR. Vyschislitel'nyy Tsentr, Ras-
chet osesymuetrichykh tel (Acudeuny cof
Sciences USSR. Computing Center. Cul-
culation of Axisyrmetric Bodles)

Aplicace Matematiky (Applied Mathematics,
Polish)

Archiwum budowy maszyn (Records of Machine
Builuing)

Archiwum Mechaniki Stosowanej (Records
of Applied Mechanics, Polish

locademiya Stroltel'atva 1 Arkhitektury
8SSR, Institut Stroitel'nykh Konstruktsiy,
Trudy. (Acadeny of Conistruction an:
Architecture SSSR., Institute of Con-
structions, Proceeiings)

Astronomicheskly Zhurnal (Aistronomical
Journal)

Aviatsiya 1 Kosmonautika (Aviation and
Astronautics)

Avtonatika 1 Telemekhanikn (Automation
and Remote Control)

Aka.lenle cer liissenschaften, Monatberichte,

Berlin (Agalemy of Sciences, Monthly Re-
porit, Berlin., German)
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14, Blzobr

15, DAN S8SSSR

16. DODAN.
Okr8SR

17. EnlI, ANSSSR,

1, G ast I

Sio. 0. Sb,

20, IKhu Ma
21, InFl

-2, InFih
23, In Zh
24, In Sb
25, IslTp
26 Y ISZ

27. IzAN ArmSSR

20, J<AN ArmSSR
FMN .

Byulleten' izobreteniy (Bulletin of
Inventions)

Doklady Akademii Nauk SSSR (Transactions
of the Acadeny of Sciences ULSR)

Dopovidi Akniemii Nauk (Transactions of
the Acadeny of Sciences, Ukranian SSR)

Energetichesk’y Institut. Acaceniya
Nauk SSSR. Fizichesknya Gazodinamikn:
Teploobmen (Pover Enzineering Institute,
Acaleny ol SoZences of USSRy Physiocal
Gasdynanies ani ‘Hent Exehange)

Gosufurstvenayy Astronomicheskiy Inse
titut, Soobshcheniya (State Astron- mic.l
Institute, lioscow State University,
Communications)

Institut Priklaanoy hatenatiki i1 lekhan-
iled Stornik (Institute of Applied Mathe-
maties nnc Nechanics, USSR Academy of
Sciences, Sibirian Branch, Collecte:d
Articlea$

Institut Khinmicheskogo llashinostroyeniya
(Institute of Chemical Machine Builuing)

Inzhenerno-fi..icheskiy inatitut, (En-
gineering Physics Institute)

In:zhenerno-fi.:icheskiy Zhurnal (Engin-
eering Physies Journal)

Inzhenernyy Zhurntl (Engineering Journal)
In:zhenernyy Sbornik (BEngineering Review)
Issledovaniye teploobmena

Iskusstvennyye Sputniki Zemli {larth
Artificial Satellites)

Izvestiya Akademii Nauk Armyanskoy SSR
(News, Acadeny of Sciences Armenian SSR)

I:vestiya Akademii Nauk Armyanskoy S3R,
Seriya Fiziko-Matematicheskikh Nauk (News,
Acadeny of Sociences Armenian SSR, Physics
and Mathenatics Series)
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29, IzAN ACerSER Izvestiya Akademii Nauk, Azerbaydzhanskoy
n SSR. Seriya Piziko-Matematematicheskikh
Nauk (News, Ac~demy of Sciences Azerbai-

Jain » Physics and Mathematias Series)

30. IsAN EnAvt Isvestiya AkaAdemid Nauk, Energetika i
Avtomatika (Rews, Academy of Soiences
USSR, Power Engineering and Automasion)

31, IZAN Me Izvestiya Alkademii Nauk, Mekhanika ;N&uo.
Acadeny of Soiences USSR, Mechanics
32, IzAN MeMa Izvestlya Akademii Nauk, Mekhanilka 1

Mashinostroyeniye (News, Academy of
Sciences USSR, llechanics uau Maohine Building)

33. IzAN OTN Izvestiya Akacdemii Nauk, Otdeleni!ye
Tekhnicheskikh Nauk (News, Acadeny of
Sciences USSR, Jepartment of Technical
Sciences)

54, IzAN SibO Izvestiya Akademii Nauk, Sibirskoye
Otdeleniye (News, Academy of Sciences
USSR, Sibirian Bransh)

35, IsVWUZ AvT Izvestiy~ Vysshikh Uchebnykh Zavedeniy,
Aviatsionnaya Tekrnika (News of the Higher
Learning Schools, Aeromautical Engineering)

36, IzVUZ M Icvestiya Vysshikh Uchebnykh Zavedeniy,
Matematika (News of the Higher Learning,
Mathematics)

37. IzVUZ Ma Izvestiyu Vysshikh Uchebnykh Zavedeniy,

Mashinostroyeniye (News of the Higher
Learning Schools. Nachine Building)

33. IzVUZ Pb Izvestiya Vysshikh Uchebnykh Zavedeniy.
Priborostroyeniye (News of Higher Learning
Schools. Instrunent Euildins?

39, KAvVI, Tr Kazanskly Aviatsionnyy Institut, Trudy
(Kazan' Aviation Institute., Proceedings)

40. Koslsl Kosricheskiye Issledovaniya (Space Research)
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Kon®. Tplias
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Lol
T4 Tr

1U Ileta
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WU e

LU NIslIMMe

Yo Av I, Tr

lioFTI, Tr

MoU, Vych Ts
o

Sb,

MoVTU, Tr.

OpSpe

rhe
PliMe

Rev ke Ap

RaPrKon
Sb.

Konferentsiya po teploobmeny . .nsso-
obrnenu (Conference on Heat anu .inst
Jransfer)

Kievekiy Politel:hnicheskiv Institut
(Kiev Polytechnic Institute)

Leningrauskiy Politekhnicheskiy Institut.
Tekhnicheskaya QGidrodinamika Trudy (Lenin-
grad Polytechnic Institute, Technical
Hy ‘ro=-.ynamies, Procee.ings)

Lenirgrauskiy Universitet Matei.atichesko-
liekhan)cheskiy Foul'tet (Leningra:
Univeysityk Departnent of Mathematics

an. lechanics, Collecte. Articles)

Leningradskiy Universitet Nauvchno-Is-
slecovatel'skiy Institut Matematiki 3
lekhaniki (Leningred University, Sciene
viflic Research Institute of latheratics
an. lechanies)

lioskovskliy Aviatsionnyy Institut, Tru.y
(Moscow Aviation Institute, Procee:iings)

loscovakiy Fiziko-Telkkhnicheskiy Instituit,
Tru.y (l.oscow Institute of Physics anc
Technology, Proceedings)

Moskovskiy Univerasitet, Vycihislitel'
nyy Tsentr, Sbornik (Moscow University,
Couputing Center, Collecteu Articles)

lioskovakoye Vysshe-Tekhnicheakoye Uchi-
lishohe, Truuy {Moscow Hig™ar Technical
Technical School, Proceedlings)

Ontika i Spektroskopiya (Optics anu
Spectroscopy)

Priklacna Mekhanika {(Applied Mechanics)

Prikladnaya Mutematika 1 lekhanika (.\p-
plied Mathematics and Mechanics)

Revue e Mecanique Appliquee (Revue
of Lpplied Mechanics, Ruman)

RascheLy na Prochnost' Konstructsiy
Teoreticheskiye 1 Eksperimental'nyye
isslecovaniya Prochnosti. Sbornik
(Design for Strength, Theoretical and
Experinental Investigations, Collected
Articles)
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65.
66.
67.
68.

69.
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S1bOAN
Mo

S Phys (JETP)

StuCeMeAp

Tp

Tpe
Tpt
a1, Tr

TsAeG1iI (TaAGI)
Sb.

UsMN
UeMN
UstUprsis
VeAR

VeLUMMeASt

VeMoUMMe

Referetionyy Zhurnal, Matematilka (Journal
of Abstrests, Mathematiocs)

Referativayy Zhurnal, Mekhanilka (Journal
of Abstrects, Mechanics)

Sibirskoye Otdeleniye Academii Nauk,
Mmtematika i Mekhanika (Sibirian Bresmch
of the USSR Academy of Sciences, Mathe-
metics and lMechaniocs)

Soviet Physics (English trenslation of
Zhurnal Eksperimental'noy i Teoreticheskoy
Piziki see No.75)

Studii si Cercetari de Mecanica Aplicata
(Study and Research in Applied Mathematics,
in Rumanian)

Teploperidacha (Heat Transfer)
Teploene:getika (Heat Power Engineering)
Teplofizika (Thermophysics)

Tekhnicheskaya Gidrodinamika, Trudy
(Engineering Hydromechanics, Proceedings)

'I‘ientnl 'nyy Aerogidrodinamicheskiy
Institut, Sbornik (Central Aerc and
Hydrodynumics Institute, Collected Articles)

Uspekhi PFizicheskikh Nauk (Progress in
the Physical Sciences)

Uspekhi Matematicheskikh Nauic (Progress
in Matheratical Sciences)

Ustoychivost' Uprugikh Sistem (Stability
of Elastic Systems) (Monogreaph

Vestnik Akademii Nauk (Herald of the
USSR Academy of Sciences)

Vestnik Leningradskogo Universiteta
Seriya Matematiki, Mekhaniki i1 Astronomii
(Herald of Leningrad University, Mathe-
ratios, Mechanics, and Astronomy)

Veatnik Moskovskogo Universiteta Seriya

Matematiki i Mekhaniki (Moscow Univer-
sity, Mathematics and Mechanics)

-271-



[P

T1.
72.
73.
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76,

77.

VpMe, Sb.

Vyech M.

WIPrzT

ZhETePF

ZhPMeTF

ZnhTF

ZVychMMPF

Voproiy Mekhaniki, Sbvornik (Problems of
Mechanics, Collected Articles)

Vychislitel'naya Matematika (Computing
Mathematics)

Wojskowy Przeglad Technioczny (Polish)
(Air Porce Review)

Zhurnal Eksperimental‘noy i1 Teoreticheskoy
Pizika (Journal of Experimental and
Theoretical Physics)

Zhurnal Prikladnoy Mekhaniki i Tekhni-
cheskoy Fiziki (Journal of Applied
Mechanics and Technical Physics)

Zhurnal Tekhnicheskoy Fiziki (Journsl of
Tecrnical Physics)

Zhurnal Vychislitel'noy Matematiki 1
Matematicheskoy Fiziki (Journal of Com-
pute§ Mathematics and Mathematical Phy-
sics :
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Abbreviation

Ae
Ak
Ar
Arch
Arm
AB
Av

Avt
AZer

gg° ¢ &
T

Est

?*ﬂ

Gl

Gruz

In

Akademiya, Akademicheskiy
Aerodinamilka, Aerocimlioheskly

Alustika, Akusticheskiy

Appliquee (PFr.), Aplicata
(Rum,. ), Aplikace (Polish)

Arkhitektura

Archiwum (Polish)

Arreniye (SSR), Armyanskiy
(aya) |

Astronomiya, Astronomiches-
kiy, Astronautika

Aviatslya, Aviatsionnyy

Avtomatika, Avtomaticheskily

Azerbayczhan (SSR), Lzer-
baydzhanskly

Byulleten'
Budowy

Cercetari (Rumanian)
Doklaacy

Dinamika

Dopovidi (Ukranian)
Eksperiment, Eksperimental!

nyy (aya)

Energetica, Engrgeticheskiy
Estoniya, Estonskiy

Fizika, Fizichesk:yy
Fakul'tet

Gosudarstvo, Qosudarstvennyy

‘Oaz, Gazodinamika

Gicravlika, Gidrodinamika,
Gidrodinamicheskiy
Gruzlya, Gruzinskiy

Institut
Inzhener, Inzhenernyiy

- 273 -

Glossary of Abbreviations Used in This Report

Eggliah ‘trtnnlatcd}

Acadenmy, Academio
Aerodynamics, Aero-~

dynamic
Acoustics, Acoustic
Applied

Architecture
Archives
Armenia, Armenian

Astronomy, Astronautics

Aviation
Automation
Azerbailjan

Bulletin
Builcing, design (Polish)

Research

Reports, Proceedings
Dynamics
Transaction

Ekperiment » Experi-
mental
Energetics, Power En-

gineering, Energy
Produecing

Estonia (SSR), Estonian

Physics, Physical

Departmeat (in Univer-
sity, especially
physics & mathematics)

State
Gasa, Gasdynamics
Hydraulics, Hydrodynamics

Georgia (SSR), Georgian

Institute
Enginee:’, Engineering

L4



R R N L I

ol

Rk

Isk
Isl

Iz
Izd
Izobr

Kaz
Khn
Kn-
Kon
Kos

Lat
Lit
Lot

M

Ma

Mas

Me

Mo
}Mokolas

[lonogr.
N

o)
Op

P
Pb
Pc

ro
Prz

R
Ra
Rev

S

Iskusstvennyy

Issledovaniya, Issledova-
tel 'skiy

Izvestiya

Izdatel'stvo

Izobreteniye

Kiev, Klevskiy
Ka:zan', Kazanskily

Khimiya, Khimicheskly

Konstruotsiya

- Konferentsiya

Kosnios, Kosmicheskiy

Leningrad, Leningradskly
Latviya, .atviyskiy
Literatura

Lotniczy (Polish)

Matenatikn, Matematicheskly

Mashinoatroyeniye
Massobmen

Mekhanika

Moskva, lioskovskily

Mokolas ir Technike (Hun-
garian)

Nauka, Nauchnyy

Otdeleniye
Optika, Onticheskly

Priklacdnaya, Priklacnoy
Priborostroyeniye

Politekhnika, Politekhniches-

kly
Prochnost!'
Przeglad (Polish)

Referativnyly
Raschet
Revue

Soyuz, Sovet, . Sovetskly

Scientia Sinica
Sb

Sib

Sis
Soob

Sbornik

Sibir', Sibirskiy, Sibir-
skoye

Sistema

Soobshcheniye
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Artificial
Research

Bulletin, News
Publishing House
Invention

Kiev (city)

Kazan (ecity)
Chemistry, Chemical
Construction, Design
Conference

Space

Leningrad

Latvia (SSR), Latvian
Literature

Might

Mathematics, Mathema-
tical

Machine building

Mass trensfer, Mass
flow rate

Mechanics

Moscow

Science and Technology

Monograph
Science, Scientific

Department, Branzh, Section
Optics, optioal

Applied
Instrument building
Politechnic

Strength
Review

Reference
Calculation, Design
Review

Union, Soviet

Chinese Science

Collection, Collected
Articles

Sidberia, Sidberian

Systenm
Communication, Message
Report



Sp

Sto
Stu

Sta:

Te
T

Tm

Tpr

Sputnik

Speoctroskopiya

Stosowane] (Polish)

Studium (Polish, Stulil
(Rumanian)

Stroitel'!stvo

Teklhinika, Tekhnioheskly

Teoriya
Telemekhanika

Temperatura, Termicheskly
Teplo, Teploenergetika,
Tenploobdbtien

Teplofizika
Trudy
Tsentr, Tsentrel'nyly

Universitet, Uchilishche,
Uchebnoye
Ukraina, Ukrainskily

Uprugosi!
Uspekhi
Ustoychinost'

Vysshiy, Vysshiye
Vestnik

Veyennyly, Voyennoye
Voprosy

Vozdukh, Vozuushnyly (aya)

Vychlisleniye, Vychlslitel'-

Wy
Wissenshaften (Geruan)

Wojslcowy przeglaa Techniczny

Zavedenlye
Zemlya
Zhurnal
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Satellite
Speotroscopy

Studies
Bullding, Construoction

Technology, Englneering,

Techniocal

Theory

Telemechanics, Remote
Congrol

Temperature, Thermal

Heat, Heat Power En-
gineering, Heast
trenafer '

Heat physics
Transactions, Proceedings
Center, Central

University, School,
Learning

Ukraine (SSR), Ukran-
ian

Elastiocity

Progress

Stability

Hi~h, Higher

Herald

Milttary

Problens

Alr

Computation, Computing

Science, Scientific
(Air Force Review,
Polish)

Establishment, Insti-
tution, School

Earth

Journal
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