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PHOTOKINETICS OF THE INFRARED LASER RADIATION EFFECT ON
MIXTURE OF THE CO,-N2-H,O ATMOSPHERIC GASES: ADVANCED MODEL

Within the refined 3-modal model of kinetic processes there is examined a photokinetics of the energy ex-
change in a mixture of CO,-N,-H,O atmospheric gases while passing powerful laser CO, radiation
through an atmosphere.
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1. Introduction

At present time the environmental physics has a great progress, provided by implementa-
tion of the modern quantum electronics and laser physics methods and technologies in order
to study unusual features of the “laser radiation- substance (gases, solids etc.) interaction. A
special interest attracts a problem of interaction of the powerful laser radiation with an aerosol
ensemble and search of new non-linear optical effects. The latter is directly related with prob-
lems of modern aerosol laser physics (c.f.[1-15]). One could remind that there is a redistribu-
tion of molecules on the energy levels of internal degree of freedom in the resonant absorp-
tion of IR laser radiation by the atmospheric molecular gases. As a result of quite complicated
processes one could define an essential changing of the gases absorption coefficient due to the
saturation of absorption [1]. One interesting effect else to be mentioned is an effect of the ki-
netic cooling of environment (mixture of gases), as it was at first predicted in ref. [2,5]. Usu-
ally the effect of kinetical cooling (CO,) in a process of absorption of the laser pulse energy
by molecular gas is considered for the middle latitude atmosphere and for special form of a
laser pulse. Besides, the approximate values for constants of collisional deactivation and reso-
nant transfer in reaction CO,-N; are usually used.

In series of papers (see, for example, [8-11]) computational modelling energy and heat ex-
change kinetics in the mixture of the CO,-N,-H,0 atmospheric gases interacting with IR laser
radiation has been carried out within master three-mode kinetical model. It is obvious that
using more precise values for all model constants and generally speaking the more advanced
atmospheric model parameters may lead to quantitative changing in the temporary depend-
ence of the resonant absorption coefficient by CO,. So, in the last there are developed more
refined, advanced models [12-15] regarding determination of the atomic and molecular con-
stants and correspondingly interaction of the atoms and molecules of the atmosphere gases
with a powerful laser radiation. Let us remind that the creation and accumulation of the excit-
ed molecules of nitrogen owing to the resonant transfer of excitation from the molecules CO,
results in the change of environment polarizability. Perturbing the complex conductivity of
environment, all these effects are able to transform significantly the impulse energetics of IR
lasers in an atmosphere and significantly change realization of different non-linear laser-
aerosol effects. This paper, which goes on our work on atmospheric optins and photochemis-
try [8-15], is devoted to receiving more refined data on a kinetics of energy and heat exchange
in the mixture CO,-N,-H,0 gases in atmosphere under passing the powerful CO, laser radia-
tion pulses. The master model is the refined atmospheric model and generalized three-mode
kinetical model with using refined values for all molecular, kinetical and photochemical con-
stants.

BicHuk OxechbKoro aep;kaBHOr0 €K0JIOriYHoOro yHiBepcurery, 2014, pum.18 193


http://www.ipgphotonics.com/Mid_ir_lasers.htm

Glushkov A.V., Khetselius O.Yu., Bunyakova Yu.Ya., Prepelitsa G.P., Grushevskii O.N., Buyadzhi V.V.

2. Advanced three-mode kinetical model for the “laser pulse — medium” interaction

As usually, we start from the modified three-mode model of kinetic processes (see, for ex-
ample, [11]) in order to take into consideration the energy exchange and relaxation processes
in the CO,.— N, — H,O mixture interacting with a laser radiation. As in ref. [11-13] we con-
sider a kinetics of three levels: 10°0, 00°1 (CO;) and v = 1 (N>). Availability of atmospheric
constituents O, and H,O is allowed for the definition of the rate of vibrating-transitional re-
laxation of N,. The system of balance equations for relative populations is written in a stand-
ard form as follows:

P4 o+ 29A0) 4 + Poxy + 289A0) .

at

P2 o (0 + 0+ Aol + O + Ao @
a
§= 50X, — (5Q+ Py) X + R s.

Here the following notations are used:

X1 = Nioo/ N¢o,
X2 = Nooa/ No, | (2)
x3= 0Ny, /Neo, .
where Nigo, Nooy are the level populations 10°0, 00°1 (COz); N, is the level population v =1
(N2); N, is the concentration of CO, molecules; 6 is the ratio of the common concentrations

of CO, and N in the atmosphere (8 = 3.85-10); x°, x? and x? are the equilibrium relative
values of populations under gas temperature T:

X =exp(- &/7), ©)
= =exp(5/ 7).

The values E; and E; in (1) are the energies (K) of levels 10°0, 00°1 (consider the energy of
quantum N, equal to E»); P10, P2 and Ps are the probabilities (s) of the collisional deactiva-
tion of levels 10°0, 00°1 (CO,) and v = 1 (N.), Q is the probability (s™) of resonant transfer in
the reaction CO; — Np, is the ?robability (s1) of CO; light excitation, g = 3 is the statistical
weight of level 02°0, B = (1+g)" = 1/4.

As usually, the solution of the differential equations system (1) allows defining a coeffi-
cient of absorption of the radiation by the CO, molecules according to the formula:

aco, =o(X - %) Nco,- (4)
The o in (4) is dependent upon the thermodynamical medium parameters as follows [2]
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c=00— T

R

Here T and p are the air temperature and pressure, oy IS the cross-section of resonant absorp-
tion under T = Tg, p = po.

One could remind that the absorption coefficient for carbon dioxide and water vapour is
dependent upon the thermodynamical parameters of aerosol atmosphere. In particular, for ra-
diation of CO,-laser the coefficient of absorption by atmosphere defined as

P(TJ%'

Oy =0Oco, TOh,0

Is equal in conditions, which are typical for summer mid-latitudes, ag(H=0) = 2.4-10° cm™,
from which 0.8-10° cm™ accounts for CO, and the rest — for water vapour (data are from ref.
[2]) . On the large heights the sharp decrease of air moisture occurs and absorption coefficient
is mainly defined by the carbon dioxide.

The changing population of the low level 10°0 (CO,), population of the level 00°1, the vi-
brating-transitional relaxation (VT-relaxation) and the inter modal vibrating-vibrating relaxa-
tion (VV'-relaxation) processes define the physics of resonant absorption processes. Moreo-
ver, the above indicated processes result in a redistribution of the energy between the vibrat-
ing and transitional freedom of the molecules. According to ref.[1], the threshold value, which
corresponds to the decrease of absorption coefficient in two times, for the strength of satura-
tion of absorption in vibrating-rotary conversion give ls; = (2 + 5) 10° W cm™ for atmospher-
ic CO,. In this case the pulse duration t; must satisfy the condition tg < t; < tyr, where tg and
tyr are the times of rotary and vibrating-transitional relaxation’s. by The fast exchange of lev-
el 10°0 with basic state, and by the relatively slow relaxation of high level 00°1define a re-
newal process of thermodynamic equilibrium is characterized. The latter provides an energy
outflow from the transitional degree of freedom onto vibrating ones and in the cooling of en-
vironment. It is easily understand that using more powerful laser radiation sources can lead to
a strong non-linear interaction phenomena and, as result, significantly change a photo-kinetics
of the corresponding processes.

3. The results and conclusion

In table 1 we present mode accurate our data (column C) for the relative coefficient of ab-
sorptiona.co, , which is normalized on the linear coefficient of absorption, calculated using

(1) on corresponding height H. All data for oo, are obtained for the height distribution of

the pressure and temperature according to the advanced mid-latitude atmospheric model (all
data are presented in series of refs. [1,16-19]). In table 1 there are presented also the analo-
gous data from ref. [2] (column A) , from ref. [9-11] (column B).

In ref.[,2 11-13] the analogous data for the relative coefficient of absorption @co,and the

height distribution of pressure and temperature are presented and obtained in a case of using
the Odessa-latitude atmospheric conditions according to atmospheric model [7,8]. Here we
use the world atmospheric model conditions. In is important to note that preliminary more re-
fined values of the probabilities P1o, P2o and P3, of the collisional deactivation of levels 10°0,
00°1 (COy) and v =1 (Ny), probability Q of resonant transfer in the reaction CO, — Ny, prob-
ability @ of CO, light excitation and other constants have been determined (in comparison
with results of refs. [9-11] and further used in the model.
Table 1 -Temporary dependence of resonant absorption relative coefficient
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T A[2] A[2] | B[13] | B[13] C C
us 10-I; R | 10-,R | 10-1; G | 101; G | 10-1; G | 10-I; G
H=0 H=10 H=0 H=10 H=0 H=10
1,0 1,0 1,0 1,0 1,0 1,0
0,60 0,12 0,57 0,13 0,52 0,10
0,52 0,08 0,46 0,05 0,40 0,04
0,63 0,27 0.59 0,19 0.56 0,14
0,67 0,35 0,64 0,28 0,59 0,23
aco, ( sm™) of laser radiation (A=10,6pum ) by CO, for rectangular (R ) laser pulses (in-

tensity 1=10° W/sm?) on the height (H, km) for the mid-latitude atmospheric model [1]:
A- data of modelling [2]; B- data of modelling [13], C- this work.

A~ OWODNPEFELO

Let us in conclusion to note that obviously a quality of choice of the corresponding mo-
lecular constants and the corresponding atmospheric model parameters is of a great im-
portance in modelling the effect of kinetic cooling of the CO, under propagation of the laser
radiation in atmosphere. In any case it provides a variance of the final results within 5-10%
interval. From the other, side, we did not consider more exotic situation with using super in-
tense laser pulses (for example, in the radio frequency range). In the last case it is necessary to
say about “climatic weapon” and this problem requires using another approaches. Obviously,
another intensity of the kinetical processes will be observed here.
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®orokinerika cymimi CO2-N2-H20 armocdeprux rasis mix aieio 1K sazepHoro BunpomMinioBaHHs:
Y3aranbHeHa MozeJib

I'aymkos A.B., Xeneiiyc O.10., Bynsikoso F0.41., [Ipeneniua I'.I1., I'pymeBcskuii O.M., Bysxxu B.B.
Posenanyma ¢omokinemika npoyecie oominy emnepeii 6 cymiwi CO2-N2-H20 ammocgheprux 2azie npu npo-
X0OiHHI uepes ammocghepy nomysxcrnozo gunpomintosanna CO2-nazepa 6 pamrax y3azanbHeHoi 3-mo008ot Moode-
.

Knrouosi cnosa: oomoxinemixa, nasepre noie, cymiui 2azie, noninwena 3-mo008as Mooeis

®otokunernka cmecu CO,-N,-H 0 armocdepubix razos nmoxa neiicreuem UK mazepHOro m3mydeHns:
O000meHHast MOeIb

I'nymkos A.B., Xeneanyc O.10., Bynsakosa 10.4., lIpenenuna I'.I1., I'pymescknii O.H., Bysx:xu B.B.
Paccmompena ghomoxunemura npoyeccos oomena snepeuu 6 cmecu CO-No-Ho0 ammocgepnvix easzos npu npo-
Xoocoenuu uepes ammocghepy mouwgnozo usayuerus COy-nazepa 6 pamxax 060ouennoi 3-mo006ot mooenu.
Knrwouesvie cnosa: homorkunemura, iasepHoe noie, CMeCh 24308, VIyUUEeHHAs: 3-M0008dsL MOOelb
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