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The problem of relaxing mixture flow in a carbon dioxide gasdynamic laser is solved. 
Infrared radiation-power density generated is calculated for gas pressures at the 
nozzle input of 25 and I00 atm. An increase in power with increase in initial pres- 
sure is observed for suitable selection of mixture composition and initial temper- 
ature. 

One of the possibilities for improving carbon dioxide gasdynamic laser operation and in- 
creasing the power density generated is operation at high initial gas-mixture pressure. Cal- 
culations performed in [i] led the authors to the conclusion that the collision reaction pla- 
ces a limit on the possibility of increasing power with increase in gas pressure; the authors 
of [i] thus stated that increase in initial pressure (above 60 arm under the conditions con- 
sidered) was not useful. However, such a conclusion is not necessarily applicable in all 
cases. In fact, simple considerations as to the level of freezing of oscillatory energy upon 
cooling in a nozzle [2], as well as calculation of generated power by Rigrod's theory [3], 
show that increased power may be attained by increasing pressure. This conclusion has been 
confirmed in experiments with gasdynamic lasers [3, 4]. The experiments performed in [4] show 
that operating a gasdynamic laser at high pressure (to i00 atm and more) can significantly 
increase power density, with the power increasing with pressure Po: while in ~i] the power 
per unit resonator volume at po = 30 atm was about 3 W/cm 3, in the experiments of [4] values 
of 3.3 W/cm 3 were recorded at Po = i0 arm; 11.9 W/cm 3 at Po = 17.5 arm; and 83.3 W/cm 3 at 
Po = 115 atm. 

The problem of increasing power lies in the fact that simultaneously with the increase 
in pg, the other parameters characterizing gasdynamic laser operations (initial composition, 
initial temperature, geometry, nozzle length, etc.) must be changed suitably. The present 
study will present results of power-density calculations for a gasdynamic laser, illustrating 
such an approach to the problem. 

We will consider the problem of flow of a relaxing mixture in a carbon dioxide gasdynamic 
laser in a formulation similar to that of [I], i.e., assuming unidimensional stationary flow 
of a gas with invarying chemical composition COa+N2+He through a nozzle and a planoparallel 
Febry-Perot resonator. As usual [5, 6], we will assume the existence of Boltzmann equilibrium 
among molecules for one and the same type of oscillation and neglect the effect of unharmo- 
nicity. To describe the oscillatory energy exchange kinetics we use the system employed in 
[7, 8], distinguishing three relaxing mixture components: nitrogen, the third (antisymmetric) 
type of C02 oscillation, and the combined effects of Fermi resonance of the first (symmetric) 
and second (deformation) types of C02 oscillation; the assumptions made in this approach are 
indicated in [8]. 

The relaxation equations for oscillatory energy ei, expressed in terms of mean number of 
quanta in a given type of oscillation with consideration of degeneration (ei=[exp (O~/Ti)--l] -I, 
where are the characteristic and present temperatures for the i-th type of oscillation) 
are given in [8]; also shown there are all initial data on the probability of oscillatory 
energy exchange and the method used for calculating the small signal optical amplification 
coefficient (which we denote by ko) for the transition P20(O01)v+(lO0)CO=.These equations 
may be used to describe the flow of the active medium outside the resonator. 
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In describing the flow within the resonator, the constant amplification coefficient 
k, approximation [9] was used, whereupon 

k ,  -- hi (l/rlr..) (1) 
2d I 

where d is the flow width (distance between resonator mirrors); r, and r2, are the mirror 
coefficients of reflection. It was assumed that only one frequency participates in genera- 
tion, corresponding to the center of the line P20(001)+(I00)CO2. The presence of generation 
leads to the appearance of an additional molecular transition channel between upper and lower 
laser levels, and a gas energy-loss channel through radiation. Thus in the corresponding 
equations for oscillation relaxation and conservation of energy additional terms were in- 
troduced, as in [i].% The problem of the change in medium state upon entry into the resonator 
is solved somewhat differently than in [i]. Starting with the known kinetic equation for 
mean electromagnetic energy density upon excitation of a resonator [i0], we assume that the 
spectral radiation intensity I in the transition zone of establishing the stationary gene~a- 
tion regime varies along the flow as 

I k 

where u is flow velocity; rc is the damping time for electromagnetic oscillations in the reso- 
nator (To=d/c= ; c is the velocity of light; = is the resonator loss coefficient) k and k, are 
present and stationary values of resonator amplification coefficient. At the resonator input 
I=I 0 (Io is the spontaneous radiation intensity), k=ko; for ko < k, generation is absent. 
Equation (2) closes the system of equations describing the flow upon entrance into the reso- 
nator, where k § k,; for k=k, this equation is replaced by Eq. (i). Thus, continuous change 
of all Parameters characterizing the state of the medium in the gasdynamic laser is ensured. 

For the sake of simplicity we will assume that all losses and radiation output are con- 
nected with only one mirror, i.e., r,=r, r2=l. Then, considering the direction of radiation 
propagation, we obtained for the power extracted from the resonator 

l 
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where h is the height of the resonator mirror);l is the resonator length along the flow; t 
is the mirror transmission coefficient. A more meaningful quantity is the power generated 
per unit area of nozzle critical section P* (W/cm2); this value is the final goal of the 
calculation. 

Simultaneous solution of the gasdynamic equation system and the relaxation equations for 
oscillatory energy with consideration of Eq. (2) upon entry to the resonator and Eq. (i) for 
description of the flow within the resonator was performed numerically with the aid of an 
imRlicit method. The results obtained are illustrated in Fig. i, where the left side refers 
to gas flow in the nozzlebefore entrance into the resonator, and the right side, to flow 
within the resonator. Shown are the distributions of translation temperature T and oscil- 
latory temperature T i along the nozzle and resonator (indices I, 2, first and second type 
C02 oscillation; 4, nitrogen), optical amplification coefficients ko and k~ in peraent per 
cm, generation intensity I (in relative units), and power density P* (calculated per unit 
nozzle critical section area). The flow width is 50 cm, the mirror transmission coefficient 
t=0.11, and the loss coefficient ~=0.01. Solid lines characterize conditions for initial 
pressurePo.=100atm, temperature T 9 = 3680~ for a mixture 5.3% CO2 + 69.3% N2 + 25.4% He; 
dashes are for initial pressure Po = 25 atm, temperature T 9 = 3310~ and composition 8.1% 
CO2 + 57.9% N2 + 34% He. The supersonic nozzle-section profile (height ratio h/h~; h, is 

%The corresponding expression in [i] erroneously shows a plus sign before the term consider- 
ing energy output through radiation, which leads to contradiction of the law of conserva- 
tion of energy. The resultant error is evidently small, since the contribution of radiation 
to total flow enthalpy is insignificant. 
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the critical height) is shown in the upper left of Fig. i (for p o = i00 arm). The indicated 
values of temperature To, mixture composition, and nozzle profile and length were obtained 
by solving the optimization problem by a configuration method in analogy to previous calcula- 
tions for optimizing the optical amplification coefficient [8]. We note that the ratio h/h* 
at the nozzle output comprises 50 at po = i00 atm and 33.3 at po = 25 arm. The length of the 
resonator portion was taken large enough (60 cm) to ensure removal of practically all os- 
cillatory energy exceeding the generation threshold. In fact, it is evident from the graphs 
that the difference between Ts and T~,~ becomes quite small toward the resonator output, while 
the intensity I tends to zero. The power density P* extracted from the resonator increases 
with resonator elongation, but toward the output of the generator this growth is retarded. 
We note that the gas temperature T and other gasdynamic characteristics are practically con- 
tinuous upon entry to the resonator and vary insignificantly over the length of the resonator. 

The results presented here indicate that it is possible to select conditions (initial 
parameters, gas composition, nozzle geometry) under which power generation will rise with 
increase in pressure up to high values. A major role is played by the choice of initial mix- 
ture composition, nozzle form, and temperature. Comparison shows that the results of our cal- 
culations as to power generated per unit resonator volume agree within a factor of two with 
the measurements of [4]; in light of certain differences in initial conditions and nozzle 
and resonator configuration such agreement should be considered satisfactory. This not only 
supports the validity of the calculations performed, but indicates that the experimental 
conditions of [4] were close to optimal. 

Thus, a directed search for optimal operation conditions can lead to a significant in- 
crease in power density at high initial gas mixture pressures in the gasdynamic laser. The 
role of collision-type deactivation of upper laser level oscillations proves to be less sig- 
nificant than would follow from the conclusions of [I]. It is important that the entire set 
ofparameters be optimized simultaneously, not just any single parameter. For example, from 
the results of [Ii] for fixed nozzle geometry (critical section height, initial aperture 
angle, etc.; see Fig.3 in [ii]) the power density, optimized solely for resonator output 
mirror transparency, will fall with increase in initial pressure. 

In the present case, further power increase with pressure may be limited only by dis- 
sociation of the carbon dioxide, not considered here, which occurs at the temperatures con- 
sidered. 
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