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Models of concentrated energy flux effects
on homogeneous and porous media
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Abstract—Physical and mathematical models of the processes accompanying the effect of strong radiation
fluxes on homogeneous (metals) and porous media are described. For a homogeneous medium, the model
describes the processes of heating and evaporation of the surface, unsteady-state axisymmetric expansion
of vapours into the surrounding space and the motion thus induced of air displaced from the surface. At
the absorbed energy flux densities of up to 10> W cm™~? the processes of transport of the directly emitted
thermal radiation of vapours and air plasma become essential which lead, in particular, to additional
heating and evaporation of the surface outside the region of primary radiation absorption. Calculations
are carried out for the case of aluminum and bismuth surface irradiation by a neodymium laser operating
in regular and irregular modes. For porous materials the characteristic feature is the formation of a
volumetric heat source. The procedures for the description of radiation absorption in two models (capillary
and globular) of porous media with an opaque skeleton are presented. Specific features of temperature
fields in a porous plate exposed to constant and pulse-periodic radiation fluxes are discussed.
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DEsPITE a large number of studies in the field of laser
radiation (LR) interaction physics and the diversity
of the results obtained, the problems of the vapour
generation dynamics and high-temperature vapour jet
formation on the surface are still of importance in the
study of the moderate intensity laser radiation effect
on condensed media.

To a greater extent the foregoing applies to the
problem of LR interaction with capillary-porous and
polymer materials in conditions that lead to their heat-
ing and thermal, as well as mechanical, destruction.
The present paper will set forth some results of the
authors’ investigations in these trends.

Earlier theoretical models [1-3], that ignored the
presence of atmosphere around a barrier and an
inhomogeneous character of vapour and plasma
motion at the surface, have encountered a variety
of unexplained phenomena and quantitative dis-
crepancies with actual experimental data. Even a
qualitative understanding of the sequence of phenom-
ena observed was extremely aggravated by a complex
temporal structure of LR pulse typical of irregular
generation [1-4]. Subsequent experiments with lasers
operating in the mode of regular microsecond pulses
(with the total duration of generation of the order of
1 ms) have provided a qualitative picture of radiative—
gasdynamic processes in a laser erosive plasma torch
(LEPT) [5-11]. Experiments with microsecond mono-
pulses [12, 13], together with a computational model
developed in refs. [14, 15], have furnished an under-
standing of qualitative and quantitative trends in laser
plasma plane flow at the target surface, and have made
it possible to substantiate quantitatively the concepts
[13-15] of the modes of displacement, subsonic radi-

ative wave and of the supersonic radiative wave which
replaces the detonation mode. The concepts of these
modes, each characteristic of a certain region of the
LR energy flux density variation, lead to a deeper
understanding of the variety of processes observed at
the target exposed to radiation pulses with a complex
temporal structure both in the case of a one-dimen-
sional (plane) geometry of plasma flow and in a two-
dimensional (axisymmetric) one taking place at rather
large times. A theoretical study of the effects of the
two-dimensional nature of motion, indispensible for
a limited area of irradiated target surface, was under-
taken much later than the respective experiments [5,
6]. However, just as in the earlier works [16-18], so
in subsequent research [19-21] the results obtained
testified to agreement with the experiment. Below, we
will describe the available computational model and
will cite the results to compare with experimental
data.

The experimental data refer to the cases of the
irradiation of metals by neodynium lasers operating
in regular and irregular modes [22-25), as well as some
cases of LR of quasi-continuous pulses and micro-
second monopulses [12, 13, 26-28].

When studying the effect of radiative fluxes on
porous media, attention is mostly paid to the radiation
absorption and temperature fields inside a body that
determine the dynamics of heat and mass transfer
processes in porous materials. Therefore, the devel-
opment of procedures for describing radiation
absorption in different models of porous bodies, and
the determination of temperature fields in different
modes of exposure is a problem of practical import-
ance.
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density of radiation energy flux

z radial and axial coordinates
thermal radiation energy flux
radial velocity component, = w,
axial velocity of vapours in the gas
dynamics problem ; velocity of the
boundary of evaporation in the thermal
problem, = w,
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NOMENCLATURE
thermal diffusivity of metal V  volume
speed of sound w  velocity of vapours.
total energy of gas per unit mass
exponential integral functions (i = 1, 2, 3) Greek symbols
enthalpy £ thermal energy of gas per unit mass ;
plate thickness energy of a photon and material
pressure emissivity

k;  coefficient of radiation absorption with
frequency v in plasma

specific energy of evaporation ; mean free
path of photon

wavelength of absorbed radiation
porosity

medium density

Stefan—Boltzmann constant.

~
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COMPUTATIONAL MODEL OF
THE LASER EFFECT
GASDYNAMICS [17-21, 29]

To describe the target surface heating and evap-
oration by incident radiation, the motion of vapours
capable of absorbing radiation, losing energy into the
surroundings by radiative cooling, transmitting their
kinetic energy to the surrounding gas with account
for its shock compression, and the motion of a shock-
compressed gas also capable of absorbing incident
radiation and losing its thermal energy by emission,
it is necessary to solve self-consistent thermal (for the
target) and radiative—gasdynamic (for vapours and
atmospheric gas set in motion) unsteady-state prob-
lems. Their connection seems to be attained by means
of boundary conditions which couple the radiative
energy flux incident on the surface with the energy
fluxes transported into the target by heat conduction,
and into the gas phase by evaporation.

Assuming LR to fall on a circular area of radius
r, on a target, we can formulate the thermal and
gasdynamic problems in the cylindrical system of
coordinates with the axial symmetry.

Consider first the problem of heating and evap-
oration of the surface by a cylindrical radiation beam
of frequency v and radius r, incident on the surface
along the axis z. The initial density of the energy flux
from a source far from the barrier is g (r, 0, #), and
flux density on the surface, g, (r, 0, ), is determined
by radiation absorption in the torch. The absorbed
portion of the flux density g, = [1 — R(T)l¢s (r, 0, £)
[where R(T,) is the coefficient of the reflection of radi-
ation of frequency v by the surface at temperature
T.] heats and then vaporizes the barrier, and these
processes are described by the boundary-value heat

conduction problem [4]:

or_ o ot
a Tt
oT
—"A‘E _o=qs—povAH (l)

T(z,r,0)=T,,

where T'is the temperature, a is the thermal diffusivity,
A the thermal conductivity, p, the target density, v the
evaporation wave velocity, and AH the difference of
the enthalpies of the gas and condensed medium. In
equations (1), the quasi-one-dimensional approxi-
mation is adopted, i.e. it is assumed that within the
irradiated surface, r = r,, the heating along the axis z
is determined only by the value of ¢,(r, ?).

Using the method of moments to solve the system
of equations (1) and restricting ourselves to two first
moments along the coordinate z (in this case the
temperature of the heated layer T, is assumed to be
constant over the layer thickness z,), we obtain the
system of equations for two unknown quantities T,
and z,:

dT, 3 2a 2a
°= 2| (g, —pr AH)— (T, —T.0) |
TR n[izo(q’ p.v AH) 23( o )]
dz, 3n a
‘&;—T[—E(qs—PDUAH)
2a
_U+Z°T°(T0—Too)]' (2)

Here the derivatives d7,/dz and dz,/d¢ are determined
in such a way that, together with the correct rate of
heating in the absence of evaporation [T, =
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2q\/;;/ (Aﬁ)], the equality should hold between the
absorbed energy and the energy contained in the
heated layer.

The quantities v and AH in equation (2) are deter-
mined by solving the gas kinetic problem for the par-
ameters of vapours at the outer boundary of the
Knudsen layer similarly to ref. [4] accounting for the
fact that the velocity # of the vapours at the surface
0 < i < ¢, where ¢ is the speed of sound.

The system of finite-difference equations corre-
sponding to the set of equations (2), together with
the expressions for v and AH, is solved numerically
on each time layer when solving the following gas-
dynamic problem.

The half-space z > 0 is initially filled with air with
a pressure p;, and density p,,, being transparent for
radiation. The motion induced by the vapours formed
at j > p;, is described by the system of gasdynamic
equations

op .. .
En +div(pw) =0

dpu . . Op
7l +div (puw)+ P 0

Opv ; — +div (pvw)+ op =0

o
%);E— +div (pEW)+div (pw)
8 3
- %’; + i SO+ TS, @
p = p(p,e).

Here Q, is the energy lost by plasma in the kth spectral
range due to the bremsstrahlung and photoconductive
processes, S, is the radiant flux density of the torch in
the kth spectral range; the rest of the symbols are
conventional. The density of the laser radiation energy
flux directed to the surface, ¢, and reflected from it,
q*. are equal to

g (r,z,0) = g5 (r, 0, t)eXp(— J K, d2’>,

q*(r.z,t) = g5 (r,0, t)R(To)eXp(— j K dZ'>
0

where x;, is the plasma absorption coefficient at the
frequency corrected for stimulated emission.

When calculating the transport of the self-emission
of the torch, its spectrum is usually subdivided into
three spectral groups inside of which the absorption
coefficient is assumed to be independent of the fre-
quency and to be coincident with the Planck-averaged
one [30] within the boundaries of the spectral group.
To calculate the transport of radiation, the two-flux
approximation is used along each coordinate r and z:

div S S -
v S, = S+ ;E(rskr—

0 . B
3 (i rSi)
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where Si, are the energy fluxes in the kth spectral
group determined by absorption, in the positive and
negative directions of the axes z and r. The difference
presentation of this expression has the form (i, j are
the numbers of cells along the axes z and r):

—exp(— 1k ;Az)

(le Sk)x 5 AZ

(Skl+lj+Skr l/)

Ti_ 12 it 12 o _
+ <;} Ar S+ r]‘:Ar Skije 1) (1~exp (— &y ,Ar)
where £k, are the Planck-averaged absorption
coefficients in the kth spectral range. The density of
the thermal radiation flux S} ;, emerging from the cell
i, is

S = quij+Si_1,6xXp (— %y A2)

where g;, is the density of the thermal radiation flux
from the cells along the axes z and r, for which the
following expressions are used

{Lkr,zﬂk’ Lkr,z = ’Ek Ar’ AZ < 1
qkz,z =
B

L,.>1
(54 po15. 6
pe= ), Beder B ity

The radiation losses for the k-spectral group have the
form

Oy = 2(qui; A+, A)/ V5

where A; and A, are the areas of the base and side
surfaces of the cell V;is the cell volume. This descrip-
tion provides the continuity of transition from volu-
metric to black-body radiation.

The pressure or density of saturated vapours, in
terms of which the pressure and density of vapours at
the surface are determined, are prescribed as functions
of T,. For the vapour state equation p = p(p,e),
required to solve the set of equations (3), the tables
used are compiled by solving the full system of equa-
tions for the dissociated and ionized equilibria [30].
The absorption coefficients x, and K, take into
account the line bremsstrahlung absorption (cal-
culated according to Kramer’s methods), and photo-
electric absorption (calculated by the quantum defect
technique). The procedure of such calculations is
described elsewhere [32]. For the air state equation
the tables which are used have been compiled from
the data of ref. [33], the optical characteristics of air
are taken from ref. [34].

The absorption coefficients of the aluminum plasma
and air at the emission wavelength A, =1.06 um
are presented for different densities p as functions of
temperature. A preliminary analysis of these data,
together with the solution of the gasdynamic problem
on LR effect, makes it possible to find out the role of
absorption for this or other cases.

When calculating radiation transfer, the boundaries
of the spectral groups are thus selected so as to take
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into account the energy losses by torches due to the
cold air transparency within the range of energies up
to 6.52 eV and the cold air heating ahead of the hot
plasma front by continuous spectrum radiation from
the hot region in the spectral ranges 6.52-10 eV and
10-100 eV. This subdivision corresponds to the quali-
tative behaviour of the aluminum plasma and hot air
absorption coefficients. The accuracy of description
of the spectral energy transport in the torch may be
increased by a more detailed resolution of the spec-
trum by increasing the number of the groups of lines.
In the case of a fixed computer memory volume this
may lead to the loss of accuracy in the description of
the flow gasdynamic structure details due to a smaller
number of nodes of the grid. In our case this number
amounts to about 2000 nodes.

For the solution of the set of equations (3), the
method of ‘large particles’ [37] is employed, extended
to the case of a non-adiabatic plasma flow accom-
panied by the processes of radiation absorption
and transport. Separate description of the optico-
physical parameters of the barrier vapours and air is
achieved by introducing the contact interface with
the aid of tracers (passive particles) moving with the
velocity equal to that of the gas at the place of particles
location.

The boundary conditions on an evaporating surface
are obtained by solving problem (2) with the radiation
flux density equal to

g, = [1=R(T)lg~(r,0,0+3 Sa(r,0,).

For an impermeable wall and symmetry axis the
non-flow conditions are employed. On the approach
of gasdynamic perturbations to one of the com-
putational grid boundaries, its extension is made in

log x* (dm™")

(a)
i 1
10* 108
T(K)
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this direction by twice increasing the size of its meshes.
In some cases the grid may not be reconstructed. Thus,
in a number of cases it is possible to model numerically
the main specific features of radiative-gasdynamic
processes in metals exposed to LR [17-21, 29, 31].

We shall give some results of calculations for the
case of neodymium laser radiation (4, = 1.06 um) on
aluminum and bismuth targets. (The effects of one
pulse of length 7 =1 us, of a series of microsecond
pulses and of a smooth pulse of millisecond duration
on targets in air at a pressure of 1 atm were con-
sidered.)

Due to the absorbed laser energy, the metal surface
is heated rapidly (for the time of about 107°-107%s)
up to the temperatures at which an intensive evap-
oration of substance starts. The time of the start of
evaporation preceding the plasma formation depends
on the LR flux density, surface reflection coefficient
and thermophysical characteristics of the substance
[30]. Experimentual investigations show that at the
given shape and length of the laser pulse there is an
LR flux density g, at which the substance starts to
evaporate. As the conventional point for the start of
intensive evaporation, the temperature condition is
used at which the pressure of the target material satu-
rated vapours rises above that of the surrounding
atmosphere (under normal conditions this is the tem-
perature of boiling). In the free lasing mode, for the
majority of metals ¢, is confined within the range
10°—10° W cm~? [30]. When g > q., there occurs
an intensive evaporation of the metal and plasma
formation due to LR absorption in the forming,
slightly ionized vapours at free—free transitions of elec-
trons in the field of ions and neutral atoms. As follows
from the plots of the absorption coefficients in Fig.
1, their distinctive feature is a sharp dependence on

3
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FiG 1. Monochromatic absorption coefficients 4, = 1.06 ym of aluminum vapours (a) and hot air (b):

Lp=10""gem 32, p=10"2
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FiG 2. Surface temperature of a bismuth target depending

on time: 1; constant flux density, g =2 MW em~?; 2, 1-

us-long radiation pulses, spacing between pulses is 3 ps,
Guax = 12 MW cm ™2,

temperature in the region of first ionization. Here, a
higher potential of air ionization, as compared with
the corresponding potential of the target material ion-
ization, is responsible for a much lower absorption
coefficient. From this it follows that in the case of a
moderate LR intensity the plasma should first appear
in the target vapours. Already the first experiments on
laser radiation effect have shown that LR of moderate
intensity (¢ ~ 10°-107 W cm ~?) is a convenient means
for obtaining a low-temperature erosive plasma [1, 5—
8.

In the case of the exposure of metals to LR of
millisecond pulses (the modes of irregular, regular and
quasi-continuous generation), erosive plasma torches
are formed which have a complex gasdynamic struc-
ture due to the under-expanded escape and interaction
of successively moving shock waves with the plasma
torch and surroundings [6-11, 23-25].

(a)

log p (g dm=3)
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A two-dimensional, numerical simulation of the
processes occurring during the exposure of metals
to LR of millisecond pulses (quasi-continuous and
regular generations), when the effects of two-dimen-
sional motion are substantial and the LEPT has the
character of a non-adiabatic plasma jet, has made it
possible to reveal a number of specific features in the
dynamics of LEPT which correspond to the actual
experiments. As a whole, the picture of LEPT for-
mation in the case of steady-state and spiking LR
pulses differ qualitatively. The dynamics of LEPT for-
mation is well followed from the axial density profiles
(Figs. 3a,b). In the both cases, by the time ¢t = 20 us,
a direct shock wave has time to form at a distance of
about 4 mm from the target surface; this is in agree-
ment with the experimental results [36]. Calculations
show that in spite of a great difference in pressures on
the target surface (in the spiking mode the maximum
pressure is about 200 atm and in the quasi-steady
mode it is about 45 atm), the shock wave location
depends weakly on the mode of effect.

In the spiking mode, as compared with the steady-
state, there are usually higher temperatures behind the
direct shock wave. However, in spite of relatively high
temperatures, a denser surface plasma is heated in this
mode (Fig. 3b), but the direct shock wave does not
lead to the surface screening due to a relatively small
density of erosive plasma in it (Fig. 3b).

The results of numerous calculations on the effect
of single 1-us-long LR pulses on metal barriers are
described in detail in refs. [19-21, 31, 36]. It follows
from these calculations that there is a satisfactory
agreement between the theoretical and experimental
data on the surface temperature, recoil pulse acting
on the barrier, quantity of energy lost by the torch
by emission into the surroundings, quantity of mass

log p (g dm~3)

| | L L
2 4 6 10
Z {mm) Z {mm)

F1G. 3. Density on the jet axis vs the distance to the bismuth barrier. x —location of the contact boundary
between vapours and a compressed air. (a) Constant flux density g: 1, t =5pus;2,r =10 ps; 3, t = 17 ps.
(b)Pulseeffect 1, t =39 us;2,t =5us;3,t=10pus;4,t =17 us; 5, t = 20 ps.
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evaporated before the incipience of surface screening
by the generated plasma and other characteristics.
The spatial-temporal distributions of the gasdynamic
parameters of the originating motion are also
described satisfactorily. Note further that in spite of
the fact that a two-dimensional numerical simulation
gives, on the whole, a good agreement with the
observed physical picture in actual experiments, it
does not as yet allow such effects as the formation of
successively moving shock waves, multiple com-
pression of air, turbulence in the torch and a number
of other finer details of the flow to be revealed.

Effect of radiation on porous media

A characteristic feature of the effect of radiative
fluxes on porous materials is the formation, in a body,
of a volumetric thermal source which may exert a
substantial effect on the temperature field in the
material, especially at small times of the effect and
also on the processes of its destruction in the zone of
irradiation.

For the description of the processes of transport in
porous media, a certain physical model of a porous
body is used. Depending on the structural features
and the level of porosity, either a capillary or a globu-
lar model is used which can be either regular or sto-
chastic. Thus, among the capillary models the
simplest one is a system of parallel, cylindrical capil-
laries of the same radius. The globular models are
most often used in application to highly dispersed
bodies with sufficient porosity.

To accumulate the solar energy, specially prepared
porous film coatings are used with nearly parallel
capillaries oriented normally to the irradiated surface
[37] and for insulation—the materials with randomly
oriented cylindrical fibres [38].

In the case of radiative drying of capillary-porous
materials, there occurs volumetric absorption of infra-
red radiation ; then in the material irradiated, dry and
moist zones are formed which are separated by a
moving zone (surface) of evaporation [36]. In this
case, to state correctly the heat and mass transfer
problem, it is necessary to know the internal heat
sources which are determined with account for
absorption of radiation penetrating into the material.

The experimental study of laser radiation effect on
porous materials, obtained by the method of powder
sintering, was the concern of ref. [40] in which it was
noted that the role of porosity in the accounting for an
increase of the effective depth of radiation penetration
into the material increases the fraction of energy spent
for the substance heating and destruction.

In ref. [41], based on the solution of the problem of
radiant energy absorption in a non-isothermal cyl-
indrical channel of finite length, an approximate ana-
lytical expression has been obtained for a thermal
source distributed over the depth of a porous body
(with a non-transient skeleton) modelled by a system
of parallel capillaries. It should be noted that only in
a particular case of ¢ = ¢, = 1 (g, ¢, are the emissivities
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of the side and bottom surfaces of the capillary) this
expression is an exponential function (i.e. of Bouger
type).

The solution of the heat conduction problem in a
porous plate of thickness L, exposed to a pulsed-
periodic radiative flux, with the use of the expression
obtained earlier for a volumetric source allows the
following conclusions to be drawn [42].

During the pulse action (and when ¢ < t; = LYa)
the surface temperature 7,(t) of a porous body with
a distributed heat source, I(x), is smaller than that in
the surface source approximation for any ¢. However,
after a certain period of time, on the termination of
the effect of each pulse, when ¢ < 1, it starts to exceed
T, in the surface source approximation. Forez =1, T,
becomes virtually equal in the both cases, although
both decrease at the end of the period. For com-
parison note that in the steady-state problem for &
close to unity the heating surface temperatures 7, in
the mentioned cases are nearly the same, but for small
gs may differ substantially.

For the body section x = 0.2, in contrast to the
above-considered heating of the surface x = 0, the
heating continues for some time after the termination
of each pulse and then the cooling begins up to the
start of the next pulse. For small ¢s these temperature
fluctuations are characterized by smaller amplitudes.
That the inner source is distributed is evident from
the fact that at small ¢s the temperature in this section
for all ¢s exceeds the temperature in the case of the
surface source. For ¢ = 1, the above-mentioned tem-
peratures differ virtually only in the time intervals
corresponding to the growth of temperature in the
plane x = 0.2,

For the values of x closer to the lower boundary of
the plate, x/L = 1, the temperature of these body
layers actually increases with the time during the
whole process, i.e. the above-mentioned temperature
fluctuations decay in time constantly on approaching
the lower boundary of the body, x/L = 1; at the end
of each cooling period the body temperature becomes
constant for all xs. In this case, for ¢ < 1 the difference
is preserved between the body temperature and the
corresponding temperature in the surface source
approximation.

Thus, at small times (¢ < t¢) the distributiveness of
the absorbed radiation energy over the porous body
depth may exert a noticeable effect on the character
of temperature field near the heating surface x = 0.
At large times (and in the case of the steady state) the
effect of I(x) is observed only fore < 1, while fore < 1
the source may be considered as the surface one. A
porous body is capabie of accumulating the radiant
energy to a greater extent than a solid body at the
same values of &, and the effective absorptivity of a
porous body increases with a decreasing ¢ and increas-
ing porosity. At the same time, on the cessation of
the external source the self-emission of the surfaces
of capillaries favours the porous material cooling.

The calculation of radiative heat transfer in layers
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of randomly packed spheres [43—46] is carried out, as
a rule, with the use of the effective absorption and
scattering coefficients. However, for highly porous
bodies with a non-transparent skeleton, it is possible,
by using the globular model, for radiation energy
emerging from a unit volume of a porous body per
unit time, to set up the integral equation which takes
into account the body structure and the multiplicity
of scattering :

o(x) = eSeT*(x)+ (1 —¢g)

L—x\1
t//qu(X/A) +24,E, /1

f SO, ("‘ f‘) dc]

where ¢, is the external radiation flux density,
A= 4yr/[3(1 —¢)] is the mean free path of photons,
¥ the porosity, S = 3(1 —y)/r the surface area of non-
transparent spherical particles of radius r per unit
volume of the body modelled by a homogeneous sys-
tem of such randomly distributed spheres. Here, for
a collimated source K(x/A) =exp{—x/i}, for a
diffusive one K(x/2) = 2E,(x/A); E, are the expon-
ential integral functions which are replaced by
exponentials [47] on finding an approximate solution.
The density of the radiation flux from the lower
boundary of the layer x = L is

g, = yesTi+(1 —8)|:llfqu’(L//1)

f G (L é>dc]

where K = 2E,(L/A) for a diffusive source and
K’ = exp {~ L/A} for a collimated source.

An approximate solution of the problem of radi-
ation passage through a porous layer makes it possible
to determine the fraction of radiation absorbed and
reflected by the layer, the distribution of the density
of the absorbed energy power ¢* for both diffusive
and collimated external sources. In particular, for
g, ~ ¢T3, ¢* can have a local maximum not only for
a collimated, but also for a diffusive source (with
account for the non-isothermal nature of the layer);
at the same time for ¢, » Ty, ¢* is most often a
monotonically decreasing function.
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MODELES DES EFFETS DES FLUX D'ENERGIE CONCENTRE
SUR LES MILIEUX HOMOGENES ET POREUX

Résumé—On décrit des modéles physiques et mathématiques des mécanismes qui accompagnent I’effet des
flux de rayonnement élevés sur des milieux homogénes (métaux) et poreux. Pour un milieu homogeéne, le
modele décrit les mécanismes de chauffage et d’évaporation 4 la surface, la dilatation variable axisymétrique
des vapeurs dans I’espace environnant et le mouvement ainsi induit d’air déplacé depuis la surface. Jusqu’a
des densités de flux énergétique de 10° W cm 2, les mécanismes de transfert du rayonnement thermique
directement émis par les vapeurs et le plasma d’air deviennent essentiels et conduisent, en particulier, 4 un
chauffage et une évaporation additionnels depuis la surface, hors de la région de 'absorption de rayon-
nement primaire. Pour des matériaux poreux le point caractéristique est la formation d’une source volu-
mique de chaleur. Les procédures pour la description de I’absorption du rayonnement dans deux modéles
(capillaire et globulaire) des milieux poreux avec un squelette opaque sont présentées. On discute des
particularités des champs de température dans une plaque poreuse exposée a des flux constants ou
périodiquement pulsés.

MODELLE ZUR BESCHREIBUNG DER KONZENTRIERTEN BESTRAHLUNG
HOMOGENER UND POROSER STOFFE

Zusammenfassung—Es werden physikalische und mathematische Modelle vorgestellt, welche die bei starker
Strahlungsbeaufschlagung homogener (Metalle) und pordser Stoffe auftretenden Begleiteffekte besch-
reiben. Im Fall eines homogenen Mediums beschreibt das Modell die Erwdrmung und die Oberflichen-
Verdampfung, die instationdre asymmetrische Ausbreitung von Ddmpfen in die Umgebung und die daraus
resultierenden Luftbewegungen. Bei den absorbierten Strahlungsdichten von bis zu 100 W cm ™2 erlangen
die Transportvorginge aufgrund direkt emittierter Wirmestrahlung von Dampfen und Luft-Plasma wesen-
tliche Bedeutung, wodurch insbesondere Oberfliachenteile. die nicht im primdren Absorptionsbereich liegen,
verstairkt erwdrmt und verdampft werden. Die Bestrahlungsvorginge an Aluminium- und Wis-
mutoberflichen mit einem Neodym-Laser werden berechnet. Wesentlichster Gesichtspunkt bei der Besch-
reibung der Vorgénge bei pordsen Medien stellt die Definition einer volumetrischen Wirmequelle dar. Die
Strahlungsabsorptionsvorginge in zwei pordsen Stoffen unterschiedlicher Materialstruktur (kapillarer und
kugelformiger Aufbau) werden an einem lichtundurchldssigen Strukturmodell beschrieben. Die spezielle
Form der sich ausbildenden Temperaturfelder in pordsen Platten bei konstanter und pulsperiodischer
Strahlungsbeaufschlagung wird diskutiert.

MOJEJIU MPOLECCOB BO3AEUCTBUSA KOHLEHTPUPOBAHHLIX
MOTOKOB 2HEPITMHU HA OOHOPOIHBLIE M NMOPUCTBLIE CPE/bI

Annotamus—Onucanbl GU3MYECKNE M MATEMATHYECKHE MOJCAH APOLCCCOB, COMPOBOKIAIOMNX BO3-
AEACTBUE MOILHBIX MOTOKOB M3JIyYeHUs] Ha OJHOPOAHBIE (METAIb!) M IOPUCTBIE cpeabl. [ns oaHopoa-
HOM cpelbl MOJeJib BKJIIOY4eT B ceOs ONMMCaHMe NPOLECCOB HArpeBa H HCHAPEHUS] MOBEPXHOCTH.
HECTALMOHAPHOIO OCECHMMETPHYHOrO CJyHas PaclMPEHHs NapoB B OKPYXalollee NPOCTPAHCTBO H BbI3-
BAHHOE MM ABMXXEHHS OTTECHAEMOTO OT NOBEPXHOCTH Bo3ayxa. [Ipu nmioTHOCTAX NOTOKAa MOToLLaeMo#
sueprun 10 102 Br/cM? CyLIECTBEHHBIMH OKA3bIBAIOTCH MPOLECCH! MepeHoca cOGCTBEHHOTO TENI0BOro
W3JIy4EHUA NAPOB M TLIA3MBI BO3yXa, KOTOPBIE, B YACTHOCTH, MPUBOIAAT K AOHOJIHHTEIIBHOMY HATPEBY H
HCNAPEHHIO TIOBEPXHOCTH BHe 00J1aCTH TOIJIOLICHUS TIEPBUYHOIO H3Jy4eHHA. PacueTsl nmpoBeaeHb! ans
cnyvasi BO3AEHCTBHA OAHHOYHBIX M IIOBTOPAIOIIMXCA HMITYJILCOB H3Jy4EHHs HEOAMMOBOIO fa3epa Ha
NMOBEPXHOCTH ATIOMUHUA H BUCMYTA. 15 MOPHCTBIX MaTepHaJiOB XapaKTePHbIM ABJseTCH 0Opa3oBaHHE
06BEMHOFO TEIUIOBOrO MCTOYHMKA. B paboTe mpyBeaeHbl METOAMKH ONMUCAHHS MOTJIOIICHUS H3J1y4EHHUA
IS IBYX MOZeNell MOPHCTHIX CPell C HEMPO3payHbiM KAPKACOM ! KANHJLIAPHON U raodyasapuoi. O6cyx-
JAKOTCH OCOBEHHOCTH TEMNEPATYPHBIX NOJIEA B MOPHUCTON MJIACTHHE MPH BO3ACHCTBUH HA HEE NMOCTOSH-
HOTO H UMITY;IbCHO-—TIEPHOANYECKOTO NOTOKOB H3JTy4€HH .



