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Clearing of a polydisperse water aerosol by a laser pulse
in the diffusive — convective regime

A.N. Kucherov

Abstract. The propagation of an IR laser pulse through a
water aerosol layer (fog, clouds) is studied. The relative
motion of the beam and medium, the diffraction spread,
thermal self-action of the laser beam, absorption and
scattering of radiation by particles, evaporation of particles
(aerosol clearing), and the size distribution of particles were
taken into account. The propagation problem was solved
numerically at a macroscopic scale of the order of the beam
transverse size, and the action of radiation on drops was
considered at a microscopic scale of the order of the particle
radius. A satisfactory agreement was obtained between
theoretical and experimental results.

Keywords: laser beam, spherical drops, evaporation, medium clea-
ring.

1. Introduction

The problem of a water aerosol clearing by a laser beam is
studied by introducing two scales: the transverse size of the
laser beam 7y~ 10> =102 m (macroscale) and the
characteristic radius of aerosol drops a ~ 107 m (micro-
scale) [1—3]. Of interest is the IR laser radiation range in
which transparency windows in air are present [4,5]. For
typical visibility levels w~ 107> —10~* kg m~* (the con-
densate mass per unit volume) [6], a laser pulse of a
relatively low power (~ 1 kW) allows one to reduce
considerably the optical thickness of a medium during a
short time of the order of the pulse duration, to transmit a
probe beam through a clearing channel and to perform
remote sensing or optical communication. A complex
many-parametric clearing problem is solved, as a rule, by
using substantial (and not always correct) simplifications: a
fraction of energy absorbed by a drop, which is spent for its
evaporation, is assumed constant or preliminary known
from estimates of the functions of other quantities;
simplified dependences of the radiation absorption and
attenuation coefficients on the medium parameters are
used; and the effect of an aerosol medium is described with
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the help of a macroscopically smooth water content
function w(x,y,z,t) (water content approximation).

In this paper, the absorption and scattering coefficients
were calculated by using the Mie theory [7], the size and
temperature of particles and the size distribution of particles
were calculated by the finite difference method, the para-
bolic equation of the beam propagation was solved by the
Fourier series expansion method, and a fraction of the
absorbed energy spent for drop evaporation was calculated
at each step (in time and coordinates). Depending on the
intensity of radiation heating a drop (on the Mach number
for the vapour velocity on the external boundary of the
Knudsen layer), there exist the following regimes of the drop
evaporation and destruction: diffusive, diffusive—convec-
tive, subsonic, sonic, and explosive [8]. In this paper, the
clearing process is studied for moderate evaporation rates
from drop surfaces (diffusive and diffusive—convective
regimes). Note that high-rate evaporation regimes begin
at temperatures close to the boiling temperature [8].

2. Formulation of the problem

The equation describing the propagation of laser radiation
in an absorbing and scattering aerosol medium at the
macroscopic scale for the slowly varying electric-field
amplitude E (the intensity is /= EE™) can be written in
the form [9]
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Here, z is the longitudinal coordinate; x is the coordinate
perpendicular to the beam; ¢ is time; k = 2/ is the wave
number; n, is the refractive index of an unperturbed gas; p
and p, are the gas density and its initial unperturbed value;
hy 1s the enthalpy of an unperturbed gas; ¥V is the velocity
of a transverse flow; o is the linear coefficient of radiation
attenuation by the aerosol; oy = o, 1 the effective
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radiation absorption coefficient by the gas; o, o, are the
absorption coefficients of the gas and aerosol; and # is the
fraction of energy absorbed by the aerosol escaping to the
gas.

Without the loss of generality, consider a plane beam
with the initial Gaussian transverse intensity distribution
Ey(x) = Iy exp|[—(x/r¢)* /2], where I, = Py/mrg is the char-
acteristic radiation intensity; Py is the total power; and r is
the beam radius. The absorption and attenuation coeffi-
cients of the aerosol are [6,7]
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Here, f,,s and f are the specific (per unit mass) absorption
and attenuation coefficients of the aerosol; w is the water
content (moisture function) of the aerosol; n, =
J1S/Qans0 = 4j7/Qapsl is the fraction of heat losses to a
gas of the energy absorbed in a particle; S = 4na” and
o =ma’ are the total area and area of the sphere cross
section, respectively; N is the number of particles per unit
volume; Q. is the radiation attenuation (extinction) factor
in a sphere of radius «; and f(a) is the size (radius)
distribution function of particles.

Variations in the drop radius a, its temperature 7, and
the size distribution f of particles at the drop microscale are
described by the equations [1, 2]
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Here, j (kg m > s~ ') and j; (W m %) are the densities of
mass and thermal fluxes from the drop surface; p,, (kg m™)
and C,, (J kg' K™!) are the density and specific heat of
water, respectively; H,, (J kg™!) is the specific heat of
evaporation; ¢y and T,, are the initial radius of the drop
and its temperature equal to that of the environment;
og = 3Qqps/4a is the volume-averaged absorption coeffi-
cient of the drop; Q. is the absorption factor of the drop
of radius a; fy(ag) is the initial size distribution of particles

taken in the form of a two-parametric gamma distribution
with the parameters p and a, [a, is the modal (most
probable) radius]. The mass and heat flows from the drop
surfaces have the form
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Here, the angle brackets mean averaging over the temper-
ature range of thermal -characteristics: the diffusion
coefficient D of vapour, the specific heat C, of the gas
and the heat conductivity coefficient k of air; Y = p,/p and
Y., are the relative mass concentration of vapour and its
value in surrounding air, respectively; p, is the vapour
density; p is the density of the air—vapour mixture; p,,, and
Pso are the pressures of the saturated vapour and air at
temperature 7., respectively; m, and m are the molar
masses of vapour and air; pg and ug are the vapour density
and velocity at the external boundary of the Knudsen layer,
respectively [10]; hy(T) and hgx(Tx) are the enthalpy of
vapour saturated at the drop-surface temperature 7 and the
enthalpy of vapour at the upper boundary of the Knudsen
layer, respectively. The temperature T}, close to the boiling
temperature, separates slow and rapid evaporation regimes.
Variations in the quantities over the entire temperature
range of the drop, from the initial value T, to the critical
value (647.3 K) were analysed in [8].

The propagation equation (1) was solved by the method
of expansion in a Fourier series using the fast Fourier
transform [11], the drop heating and evaporation equations,
and the evolution equation for the size distribution function
of particles, which was solved with the help of the second-
order finite difference McCormack scheme of approxima-
tion over time and coordinate [12, 13].

Let us introduce dimensionless quantities into equations
by dividing the coordinate z by the path length L, the
coordinate x by the initial radius r, time ¢ by the character-
istic value ¢, = ry/ V), the function of the field E by /Ty, the
particle radius by a,, temperature by 7., the size dis-
tribution function of particles by f;, = fo(a,), the moisture
function by wy, and the coefficients o,, «, and oy by their
characteristic values oy, %), and ogo:

top = 0 (Tno), % = ﬂNaéQext@m):

2
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The similarity parameters in (1) are the Fresnel number
F= knorg/L, the parameters of radiation attenuation by
the gas (N, =oa4L) and aerosol (Ng=ayL), and the
thermal self-action (self-refraction) arameter
Ny =(L/Ly)*, where Ly=ry/[Q(ny— 1)/n0]]/ is the
thermal self-action length (the length of an essential change
in the beam diameter caused by the medium heating and the
refractive index change), and Q = aeroloto/poho-
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The right-hand part of heating equation (8) contains the
parameters

0, = %amlolo 0, = JoH ot ’
prWToo amprWToo
_ Jmlo
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[Where %dm = fxd(am); Hy = W(TOC); Jo» Jmo are the
characteristic values] which determine the heat supply
efficiency, evaporation expenditure, and heat losses through
the drop surface, respectively. Estimates and solutions of
Eqns (7) and (8) show that drops are heated for the shorter
time At ~ t,/Q; than the time of their evaporation which
occurs upon a slow decrease in their temperature under the
condition that d7/dt =0 or Q; ~ Qy + Qj7. The clearing
efficiency determines the evaporation efficiency or the
evaporation parameter n, = jH, /(jHy +j7) [1, 2, 14]. For
d7/dt~0, we have n,=1-—1,. Let us set Q;=
3(Qy + Qjr) and introduce the characteristic efficiency
Mo =JoHw/(oHs +Jjm),  Where o = damloamtye/3H
and jro = joHoo (1 = ny0)/Mv0-

Because the absorption parameter N, of the gas is small
for short paths (L < 10 m), we set N, = 0.

Equations (7) and (9) contain the dimensionless para-
meter

oamo"y0"0
Noo =32 08, (12)
which characterises the efficiency (velocity, strength) of the
drop decrease and, therefore, of the clearing process. This is
a microscopic parameter. More accurately, the clearing
process at the macroscale of the beam radius ry is
characterised by the integral parameter

N - |
0

The parameter N, will be needed in the future to
compare the results with the moisture function approxima-
tion. The absorption coefficient oy and the evaporation
parameter 5, depend on the drop radius a and considerably
vary in time and over coordinates. It is more convenient to
use the fixed, independent of coordinates, clearing param-
eter Nyj. Also, some characteristic constant value #,, can be
used, for example,

ag(@)ny(a)loro a)da. (13)
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(the lower limit of diffusion evaporation) or a value known
from estimates if the temperature and pressure of the
surrounding air and other parameters vary. Bleaching
results in a decrease in the optical thickness of an aerosol
layer

1(x,z,1) = I odz. (14)

0

Instead of the attenuation parameter Ny of the aerosol, the
equivalent parameter differing in a constant factor — the
initial optical thickness 7y = ©(x =0, L, ¢ = 0) can be used.

The cells of the calculation network used for numerical
solution were Ar=10"* =107, Ax = 0.1 (the number of
grid nodes was N, = 64), Az = 0.04 (N, = 25), Aa = 0.1a,,
(N, = 40). The vapour mass and thermal fluxes from a drop
surface were calculated to the temperature Ty, (close to the
boiling point) and after its achievement, from expressions
for the diffusive—convective and subsonic regimes (in the
limit, sonic) regimes using interpolation in the intermediate
interval. In this paper, we analyse the results obtained for
the diffusive—convective evaporation regime.

3. The main results

Consider several variants differing considerably in the
pressure and temperature of the surrounding air.

Variant 1. At the atmospheric pressure of the environ-
ment p,, = 1.01325 x 10° Pa and temperature 7, =
293.15 K (the air density is p = 1.225 kg m ™, the satu-
rated vapour pressure is pg. = 2.337 x 10° Pa or the
relative pressure parameter of saturated vapour N, =
Psso/Poo = 2.30x 1072 and T, =373 K), we consider a
uniform water aerosol with the number of particles
N =10 m™> per unit volume, the modal drop radius
ay =5 pm, the initial Khrgian—Mazin distribution u =2
and, therefore, with the initial water content w(x,z,t=
0) = wy = 3.14 x 10™* kg m™~>. We assume in the numerical
solution that a C [ayin, max)> Where gy = 0.1, = 0.5 um,
and ap,, = 3.9a, = 19.5 um.

Variant II. Pressure p. = 0.89876 x 10° Pa, T, =
281.65 K (the air density is p,, = 1.11 kg m >, saturated
vapour pressure p; = 1.1916 x 10° Pa, N, =0.01326, T}, =
369.7 K). Here and in variants III and IV, the other physical
parameters are the same as for variant I.

Variant I11. Pressure p,, = 5.0535 x 10* Pa, temperature
T, =25238K (p,, =0.697 kgm >, p, =167 Pa, N, =
2378 x 1074, T}, = 354.8 K).

Variant IV. Pressure p,, = 0.0756 x 10° Pa, temperature
T, =216.66 K (p,=0.12159kgm™>, p, =4.00 Pa,
N, =5.291x 107, T}, = 313.6 K).

We assume that Ng=0.1 (o =0.5664), Ny =0,1,
Ny =1, the radiation wavelength is 10.6 um [then
Oubs(@m) = 0.524, Qe (ay) = 0.972, oy = 7.86 x 10* m™!,
ay=7.64x 107 m™", o0 =2.06x 107 m™!, L=13.09 m]
the beam power is Py=1kW (10 =0.0234m, V=
00726 ms™', 7,=0.323s, Iy=580x10° W m™?, and
the characteristic pulse energy is Ey = Pty = 323 J).

Figure la shows the dependence of the drop radius on
time ¢ and the longitudinal coordinate z along the path and
transverse coordinate x (at the instant #/¢, = 1.5). Figure 1b
shows variations in the drop temperature on passing from
small drops (of minimum diameter 0.5 pm) to large drops
(of maximum diameter 19.5 um) along the path z for a drop
with the initial diameter equal to the maximum diameter aj
= 19.5 pm and also with time ¢. Typically, the drop temper-
ature rapidly achieves its maximum during the characteristic
time At/ty ~ dgnly/pwCuwTo = 1/0; (in our example,
Tax = 313 K) and the drop slowly cools off and its size
decreases with the characteristic time At/ty ~ pyam/tajo =
3pwHoo /(@amTotonve) = 1/ Ny [curve (4)]. Figure lc presents
the size distributions f(a) of drops at the beam centre
(x = 0) at different instants.

Figure 2 shows the transverse radiation intensity dis-
tributions obtained at different instants after the
propagation of radiation through an aerosol layer of
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Figure 1. Variations in the drop radius with time ¢ for z=0 (1), z =L, ay = 5 pm (2) along the path z for 7/t = 1.5, x =0 (3) and along the
transverse coordinate x for z =0, 7/ty = 1.5 (4) (a); variations in the drop temperature on passing from small to large drops for z=0(17), z=L,
t/ty = 1.5, x = 0 (2), along the path z for ¢y = 19.5 um, /1y = 1.5, x = 0 (3) and with time 7 for gy = 19.5 pm, z =0, x = 0 (4), a; = 10 pm (b); and
the distribution f(a) of particles over their radius at instants ¢/t, = 0 (7), 1.0 (2), and 2.0 (3) (coordinates x = 0, z = L) (c). The results are presented
for variant I: the beam power is Py = 10° W, the wavelength is 10.6 pm, the modal radius is a, = 5 pm, the parameter u = 2, the initial moisture is
wo = 3.14 x 10~ kg m~>, the path length is L = 13.09 m. The similarity parameters are Ny =0.1(7g = 0.5664), Ny = 0.1, Ny = 1, N, = 2.30 x 1072,

F=248> 1.

thickness L = 13.09 m and the transverse distributions of
the optical thickness (x, L, f). Thermal self-action was taken
into account (N7 = 0.1), but it was small, as our analysis has
shown. Noticeable differences from the case Ny =0 were
observed for Ny = 0.2.

T>I/I() -

0.75

0.50

0.25

0 A
x/rg

Figure 2. Transverse distributions of the laser radiation intensity 7
transmitted through an aerosol layer of thickness L (/—3) and of the
optical thickness t (4—6) at instants ¢/ty = 0.5 (1, 4), 1.5(2, 5) and o
(3, 6) for the similarity parameters Ny = 0.1, Ny = 0.1, Ny =1, F> 1
and N, = 2.30 x 107 (variant I).

The results presented in Fig. 3 were obtained in the
ranges of similarity parameters Ny = 0 — 0.5 (ty = 0 — 2.832)
and N,y =0 — 2. Preliminary, a few variants of numerical
algorithms and programs were developed for constructing the
solution for the total system of equations under nonsta-
tionary conditions and in the stationary limit both for
relatively small and large variations in the drop temperature.
For example, two algorithms were realised in the stationary
limit. One of them uses an explicit scheme with a very small
step over x Ax/ro =0.00625 to obtain the solutions of
Eqns (1)—(11). Another algorithm uses large steps over
the coordinate x (Ax/ry = 0.1) and performs iterations at
each step. The results were in agreement within the error less
than 1 %. Under nonstationary conditions, the error could
achieve 10 %.

05 F

0 1 2 T

Figure 3. Levels of the optical thickness decrease At/ty = (19—
Tmin)/To = 0.9 (1), 0.7 (2), and 0.5 (3) at instants #/7, = 1 (dashed
curves), 2.0 (solid curves) and oo (thick curves) in the 7y — Ny, (initial
optical thickness —clearing parameter) plane of similarity parameters for
Nr=0.1,F> 1, N, =230x 1072 (variant I). Curve (4) corresponds to
At/ty = 0.3, variant III (N, = 2.378 x 107, 1/, = ).

For variant I, the levels of radiation transmission
(transparency levels) Tr=I(x=0,z= L,1)/l, =0.9, 0.7,
0.5, 0.3, 0.1 were obtained in the plane of similarity
parameters 7, — N,o (for Ny =0.1) at different instants
of time and in the stationary limit #/#, = co. The curves
are similar to those presented in Fig. 3 from [3] for the
moisture function approximation. Note that the calculation
error increases with decreasing parameters 7, and N,,. Some
data are presented in Table 1.

Figure 3 shows the levels of decreasing the optical
density At/t, at different instants #/¢y and in the stationary
limit 7/7y = oc.

Table 2 compares the results on the clearing of an
aerosol layer of the same optical thickness 7, by a 1-kW
laser beam obtained for variants I and II for the same
parameters Ny and Ny, and different values of N,. The
differences in the medium transparency and optical density
increase with increasing 7, and exceed 15% for 7y~ 1.7
when N, decreases by a factor of 1.73.
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Table 1. Transparency of the clearing medium Tr = I(x = 0,z = L) /1, at
the beam centre at the path end for variant I (N, = 2.30 x 10~ 2.

t/ty
T N,
! v 0.5 1.5 0
1133 1 0.277 0.500 0.504
: 2 0.531 0.726 0.786
1 0.0356 0.0920 0.0948
2.266 2 0.105 0.391 0.394
1 0.0118 0.0323 0.0337
2.833 2 0.0371 0.188 0.192

Table 2. Transparency of the medium Tr = I(x =0,z = L)/I, at the
beam centre at the path end and relative changes in the optical thickness

At/ty = (19 — rm,E)/ro of the aerosol in the statlonary limit for variants T
(N =230 x 10 %) and I (N, = 1.326 x 10%); Py = 1 kW, Ny =0.1,
Ny = 0.3.
Variant Ty Tr At/1g
1 0.476 0.608
1T 0.5664 0.468 0.571
1 0.177 0.459
11 1133 0.165 0.402
1 0.0608 0.351
11 1.699 0.0556 0.300

Table 3 presents the intensity levels of radiation trans-
mitted through the aerosol at the beam centre and the
maximum decrease in the optical density of the aerosol over
the beam cross section for variants I and III (N, ~
2.38 x 1072). Upon variation in N, by an order of magni-
tude, the difference between these variants exceeds 100 %.
Finally, Table 4 compares the transparency and optical
density of the aerosol in the beam for variants I and IV
(for N, = 5.3 x 107*, which is two orders of magnitude
lower than for variant I). The transparency characteristics of
the clearing channel in variant IV presented in Table 4
prove to be almost an order of magnitude lower than those
in initial variant I. The results for variants -1V presented
in Fig. 3 and Tables 2—4 demonstrate a substantial role of
the parameter N, = p;_/ poo, which depends on the environ-
ment temperature 7., and pressure p.

Table 3. Transparency of the medium Tr = I(x =0,z = L)/]; at the
beam centre at the path end and relative changes in the optical thickness
At/ty of the derosol in the stationary limit for variants I and III
(N, =2.378 x 10~ 3, Py=1kW, Ny =0.1, Nyy = 2.

Variant Ty Tr At/7g
mn 1133 025 Yo
i 165 doe  oa
i 2.266 bows o

The temperature of drops in all the situations considered
did not exceed T, i.e., evaporation occurred in the
diffusive —convective regime. For N; > 0.1, the high-rate
evaporation regimes are realised, which are not considered
in this paper. Note that the effect of thermal self-action is
negligible. For Ny > 0.2, the radiation intensity profile
noticeably shifts toward the gas flow, but the value of
At/7y for Ny = 0.2 changes weakly. The diffraction broad-
ening of the beam did not play any significant role when the
Fresnel number was F > 1.

Table 4. Transparency of the medium Tr=I(x =0,z= L)/l and
relative changes in the optical thickness Ar/‘to of the :lerosol layer in
the stationary limit for variants I and IV (N, = 5.29 x 10~ 4); Py =1kW,
Ny =0.1, 7y = 0.5664.

Variant Ny Tr At/7g
1 1 0.763 0.901
v 0.336 0.0948
1 ) 0.890 0.930
v 0.338 0.0988
1 3 0.913 0.933
v ) 0.341 0.1181

Note that to provide a complete similarity of the
situations under study, it is not sufficient to keep the values
of Ny, Ng, Ny and N, constant. There also exist other
microscopic parameters of the problem affecting the result;
for example, clearing depends on the wavelength or the
diffraction parameter 2ma/A. In addition, parameters related
to the initial size distribution of drops and the initial drop
radius also influence the result, although less strongly. At
the same time, it is found that at the constant parameters
Nr, Ng, Ny and N, variations in the water content wy, the
number of particles per unit volume, and the path length L
have no effect on the result. However, variations in the
beam power have a noticeable effect.

4. Comparison with experiments

Let us compare the results of calculations with experimental
data [1]. The experiments were performed with a 10.6-pum,
800-W CO, laser with the beam diameter 2ry = 40 mm in a
4-m thick aerosol layer moving in the perpendicular
direction at a speed of 30 cm s~ ! [15]. The narrow
(2 x 2 mm) 0.57-um probe beam from a DRSh-100 mercury
lamp was directed across the region being bleached in the
propagation direction of the medium. The radiation
collected with a lens was incident on a FEU-69 photo-
multiplier. Measurements were performed for the optical

: /
1
0.30
2
0.15
L 3
ﬁ °
1 1 1
0 4 8 12 t/ty

Figure 4. Dependences of the transparency of the 4-m thick aerosol layer
Tr = I(x = rg,z = L, 1)/1(ry,0, ) on time 7 at a wavelength of 0.57 pm for
initial optical thicknesses 1y = 1.91 (1), 2.95 (2), and 4.27 (3). Points
are experiment [1, 15].
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thickness of the layer t=0.2—-2.8 at the wavelength
10.6 pm of the clearing beam or 7y = 1.02 — 6.57 at the
wavelength 0.57 um of the probe radiation.

Figure 4 presents the time dependences of the trans-
parency function Tr= I(x =ry,L,1)/I(ry,0,) of probe
radiation for different initial optical thicknesses. One can
see that agreement with experimental points is satisfactory.
Figure 5 shows the dependences of the transparency func-
tion Tr in the stationary limit for large values of ¢ in the
entire above-mentioned range of the initial optical densities
of the aerosol. It should be expected that the results will
considerably improve with increasing the clearing parameter
N,y. The transparency functions at the distance of the
exponential radius of the beam and variations in the optical
thickness at the wavelengths 10.6 and 0.57 um presented in
Table 5 show that the characteristics of the clearing region
can be significantly improved only by changing the beam
radius and the flow velocity of the medium.

Tr

0.8

0.6

0.4

0.2

0 1.5 3.0 4.5 6.0 1

Figure 5. Transparency Tr of the aerosol layer in the stationary limit as a
function of the initial optical thickness 7,. Experimental points (/—35)
[1, 15] were obtained for ay, =175, p=35, 19106 = 0.206 (1.02 for
A =0.57 pm) (1), ay, = 1.75, u =4, 79 10.6) = 0.445 (1.91) (2), a, =2.0,
w=4, 1006 = 0.814 (2.95) (3), am = 2.5, u =35, T9(106) = 1.413 (4.27)
(4) and ay, = 3.0, u =5, 79(10.6) = 2-80 (6.57) (5); the similarity para-
meters are Ny =~ 0.24, F=59.1 > 1 and Ny = 0.00924, 0.0159, 0.0279,
0.0562, and 0.106 for points ( /—5), respectively.

Table 5. Transparency of the medium at the distance of the exponential
radius Tryg¢(ry) = I(x = ro,z = L)/I(ry,0), Try57(rg) at the wavelengths
10.6 and 0.57 pm, respectively. Variations in the optical thickness of the
aerosol layer Atyg /79, ATg.57/7o in the stationary limit under experimen-
tal conditions [1, 15] for Py =800 W, 1y = 1.413 (1957 =4.27), Ny =
0.0562, N, =2.30x 1072, Ny =0.238, 0.5, 1 (ry=0.02, 0.0289,
0.0409 m, V¥ = 0.30, 0.0994, 0.0351 m s~ 1).

Nyo Tri0.6(ro) Tro.57(ro) Aty06/70 Aty57/70
0.238 0.231 0.0586 0.513 0.360
0.5 0.523 0.1699 0.798 0.613
1 0.811 0.3870 0.934 0.791

5. Conclusions

We considered the basic physical characteristics and
similarity parameters of the nonstationary process of
clearing a small dispersive water aerosol with a laser
beam. Such a problem was solved earlier by using a

simplifying assumption of the quasi-stationary temperature
dT/dt =~ 0 [1, 2]. We have shown that the result substan-
tially depends on the clearing parameter N, the thermal
self-action parameter Ny, the optical thickness parameter
Ny (or 19), and the parameter N, of the relative pressure of
saturated vapour.

It has been demonstrated that the transparency of the
clearing medium can be considerably increased by increasing
the parameter N, at the constant power of a rectangular
pulse by changing the beam radius and the flow velocity of
the medium.

The results of calculations and experimental data are in
good agreement.
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