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CO,—N, CW Gasdynamic Laser Facility

A concise technical description of the design and working principles of a CO, (H,0)—
—N, (Ar) CW gasdynamic laser facility is given. Primary results of experiments, carried
out with the use of conventional optical resonators are discussed. The obtained power
of radiation (1~10.6 pm) transmitted out of the cavity amounted to P,=35 W, the cor-
responding power density per unit volume of resonator was p.=2.29 W/cm® whereas
the output power per unit mass flow was equal to g.=1.15 kW/kg-s~'. The radiation
beam divergence was about §~22'.

Furtheron, the facility in question is compared with other CW gasdynamic lasers
and the possibilities of its optimization, aimed at increasing the output power and overall
efficiency, are formulated.

Introduction

1. The history of gasdynamic lasers, and among them of the gasdynamic lasers of
continuous action (CW-GDL) is not a long one. The majority of experimental and theoreti-
cal works on these lasers have been published during the last two years. The priority
in putting forward the idea of supersonic expansion in a laser device belongs to Hurle
and Hertzberg|[1], whose paper may be regarded as the rudimentary outline of the concept
of the gasdynamic laser.

Preliminary analysis of the problem of creating population inversion by supersonic
expansion of mixtures of CO,, N, and H,O was given in [2, 3, 4]. A series of theoretical
papers [5, 6, 7, 8, 9, 10, 11, 12] was published, analysing the influence of high velocity
of an optically active medium moving perpendicularly to the axis of the optical resonator
on the gasdynamic laser’s power and efficiency. Bronfin ef al. have published the first
paper [13] about experiments on a carbon dioxide CW gasdynamic laser. Similar lasers
were described thereafter in reports [14, 15], popular scientific magazines [16] and papers
[17, 18, 19, 20]. It seems likely that up to now not much more than about twelve such
devices have been built; the one having maximum output power has been designed at
Avco-Everett Research Laboratory under supervision of Gerry [14].

* Instytut Maszyn Przeptywowych Polskiej Akademii Nauk, Gdansk.
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2. The CW gasdynamic lasers are powerful sources of quasimonochromatic infrared
radiation (at A=~10.6 pm for carbon dioxide as the optically active medium). From that
viewpoint two applications can be considered. The first: for technological operations
requiring continuous radiation beams of high power. The second application — mentioned
recently by Hertzberg (see [21]) — is for direct energy conversion. A gasdynamic laser
can be regarded as a device for direct conversion of thermal and kinetic energy of mixtures
of molecular gases into energy of quasi-monochromatic radiation beam and subsequent
transmission of this energy to receivers otherwise inaccessible.

3. The above mentioned applications are promising enough to constitute a stimulus
for further rapid progress in the GDL technology. The development of chemically driven
CO, gasdynamic lasers is very probable, as well as of those in which CO produced by com-
bustion would serve either directly as the optically active medium or — instead of nitrogen
— as the pumping medium [22] for CO,. The construction of gasdynamic lasers on com-
bustion products of hydrocarbons [23] seems, also, only a matter of time. Also the develop-
ment of electrically driven high — speed flow lasers of type proposed by Hill [24] seems
very likely. Here use could be made of supersonic flow, characteristic of the GDL. In such
a way high efficiency closed cycle gasdynamic lasers could be designed.

One should emphasize the fact that GDL technology did not come out as yet from
the early stage where the construction of a device and making it work is an attainment
important enough. At this stage a dominating tendency is towards increasing the output
power by increasing dimensions and redesigning the device and by modifications of exci-
tation and pumping techniques. Experimental investigations aimed at executing some
specified physical programs have not been reported yet. However, as they will unavoidably
appear, it would be possible to optimize — on the basis of model parameters — the exci-
tation and pumping techniques, the composition of mixtures and their thermodynamic
and gasdynamic parameters, as well as geometrical parameters and design of the nozzle
system and optical cavities. Only then optimization of gasdynamic lasers of various types
from the viewpoint of energy together with a simultaneous optimum choice (for certain
technical purposes) of the output beam parameters (a degree of monochromacity and

coherence, divergence and transverse energy distribution throughout a beam), would be
possible.

Working principle of CO,—N, CW Gasdynamic lasers

4. The supersonic expansion of working gases flowing in the direction transverse
to the optical resonator axis is essential for the concept of gasdynamic laser. As a result
of such expansion, the output power is increased, approximately in direct proportion
to the velocity of the gases within the laser region [5, 6]. Population inversion is produced
as a result of different degree of freezing of populations on different levels of CO, and N,
molecules [2, 3, 4], its value being higher than that of conventional gas lasers. Also the
rate of extraction of the excess energy from the resonance cavity is higher; correspondingly
larger are also the output power and efficiency of the laser. In the gasdynamic lasers the
excess energy is rapidly extracted by forced convection (characteristic time ToprL= dyfv
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[14]) whereas the conventional lasers manifest a relatively low rate of energy extraction
by diffusion (characteristic time 7oy~ (dy/A)2(A/c) [14]). The latter feature is most
essential among the factors limiting the CW output power of the conventional lasers.
By virtue of the three above mentioned factors a considerable rise of the CW output power
density per unit volume of the optical cavity can be expected for a GDL, the theoretical
value of the power density being about 10> —10° times higher than with conventional
lasers [14, 16].

5. The gasdynamic lasers constructed heretofore and described in the literature are
— as may be easily checked —the molecular carbon dioxide —nitrogen ones. Two methods
of pumping are being adopted:

a. Thermal excitation and mixture expansion (CO, + N, +additives) in a supersonic
nozzle (e.g. [17, 18]). Here the population inversion is effected through a process of non-
selective pumping evoked by the difference between relaxation times of CO, (00°1)
and CO, (10°0) levels, and augmented by an additive (usually H,O or He) which acce-
lerates depopulation of the lower laser level CO, (10°0).

b. Thermal excitation of N, and selective pumping of cold CO, caused by near-reso-
nance collision processes of the type: CO, (00°0) + N, (v=1)=2CO, (00°1) + N, (v=0). The
processes take place during mixing of supersonic streams of the both, separately expanded,
components.

The first method seems to be less effective than the other. However, the first method
seems well suited for construction of laser devices of very large capacity, because
of relative ease of producing very big quantities of working gas mixtures by combustion.
A decrease of pumping efficiency caused by inevitable thermal populating of the lower
energy levels of CO, molecules may also be partly compensated by the ease of producing
working gas mixtures. The expansion of a mixture was employed in the biggest, till now,
laser device of 60 kW output power [14]. Investigations of gasdynamic lasers by Basov
et al. [2] have gone in the same direction, too.

With the second method of pumping of a laser it is theoretically possible to excite
selectively only the upper laser level CO, (00°1), i.e. to obtain a very high initial value
of population inversion, which is principal advantage of this method over the first one.
In view of that, the gasdynamic laser facility described in this paper was designed, in
principle, for investigations of the second method. It may also be adapted to employ the
first method of pumping after slight modifications.

6. The gasdynamic laser facility presented in this paper can be divided into three
principal units with separate physical processes being performed in each of them:

a. The unit where nitrogen is excited from the ground energy level to the vibrational
levels v>1, consisting of an arc heater with a plenum chamber (Fig. 1 and 2).

b. The unit where the mixing of excited nitrogen with carbon dioxide in the ground
state takes place after expansion of the both components. Simultaneously pumping of CO,,
occurs as a result of collisions with vibrationally excited molecules N, (v>=1). This unit
cannot be separated sensu strico from the others, since the mixing and pumping processes ta-
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ke place downstream of the outlets of a system of supersonic nozzles for expansion of N,
and CO, (Fig. 3). The expansion is performed inside a relatively long and slightly divergent
channel which is followed directly by a laser region. A sufficient length of the mixing region
was chosen to have both components mixed well enough and, as a result, the vibrational
energy of N, (v=1) molecules transferred to possibly large number of CO, (00°0) mole-
cules.

Fig. 3. Thermal traces of mixing process
1 — N,—flow, 2 — CO,—flow

c. The unit where laser action takes place. This unit.— the laser region — is an exten-
sion of the mixing region furnished with mirrors of an optical resonator (Fig. 4 and 5).
The generated radiation A~10.6 pm is led out from this unit.

d. The facility is working in an open cycle. Since the used up gas mixture must be
rejected into atmosphere, an additional device, of no importance from the viewpoint of
radiation generation, is indispensable. It compresses the exhaust gases to the pressure
above atmospheric and consists of a diffuser with an axially located wedge, the angle and
length of the wedge being properly chosen to compress the gas up to the atmospheric
pressure in a sequence of oblique shock waves. The diffuser may be in this facility additio-
nally assisted by a set of auxiliary vacuum pumps.

A schematic arrangement of the GDL facility operating in accordance with the above
listed working principle is presented in Fig. 1. Fig. 2 shows a simplified layout of the laser
proper together with the arc heater, plenum chamber, nozzle system and diffuser. For photo-
graphs of the laser and its main units see Figs. 3 to 7.



Fig. 4. CO, —N, gasdynamic CW laser

I — plasma heater, 2 — plenum chamber, 3 — GDL channel, 4 — transmitting mirrors, 5 — non-transmitting mirrors,
. 6 — diffuser

Fig. 5. The mirrors of the resonator cavity
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Fig. 6. Separate nozzles

Fig. 7. Diffuser

Brief description of CO, — N, mixing gasdynamic laser facility

7. Asisevident from the schematic diagram (Fig. 1) the facility under consideration can
be divided into three separate parts, namely:

a. Gas supply system, together with control instruments.

b. The laser proper with the arc heater, plenum chamber and diffuser, together with
a power supply and control instruments.

c. Gas exhaust system with control instruments.
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The GDL facility is described beneath basing on that division. Electric power supply
circuit and a system of programmed control of the facility are omitted, because they have
been described thoroughly in [17].

8. The gas supply system consists of four independent subsystems: argon supply, nitro-
gen supply, carbon dioxide and water vapour supply and a reserve subsystem for delivering
additives in order to investigate their influence on laser action.

Argon supply. Argon is stored in a three-cylinder collector of 18 m? (n.t.p.) capacity.
It is delivered to the arc heater, serving there as a neutral protection of the cathode. Owing
to this protection, the rate of wear of the thorium added tungsten cathode tip is reduced.

Nitrogen supply. Nitrogen is delivered from a 60 m* capacity collector to the arc
heater (between its first and second anode) and to the plenum chamber.

CO, supply. Carbon dioxide is stored in a ten cylinder collector; its nominal delivery
to the laser equals 22 m®p.h. The gas is heated twice, the first heating applied directly at the
collector exit (by a 1.8 kW heater) to avoid freezing of the pressure regulator. It may be
heated additionally, up to the temperature of 650°K in a 10 kW preheater before entering

the nozzle system. This heating was designed to avoid possible flow discontinuities during
expansion, which could be due to the thermal properties of CO,. As they did not arise, use
was made of the preheater only if water vapour was to be added to the expanding carbon
dioxide. Otherwise preheater served as a low-temperature (T¢o,=300—500°K) plenum
chamber, where CO, was stored under the pressure of DPco, 11 ata.

Water vapour supply. Vapour of pure H,O used as an additive acceleratmg the
relaxation of the lower laser level CO, (10°0) can be mixed with carbon dioxide inside the
CO,-preheater. The water is delivered either directly from a pressure-vessel or from a vapo-
rizer. In the first case not more than 10-20 volume percent of water vapour may be intro-
duced into the mixture of CO, +H,0, the limit being determined by the heat capacity of the
preheater. If larger amounts of H,O were demanded during experlments one should use an
additional vaporizer.

It is possible to supply the laser with other gases in order to investigate the influence
of such additives as e. g. carbon monoxide, hydrogen or helium on the laser action.

The gases used for experiments were all of commercial quality, with low degree of che-
mical and mechanical purity. To protect the laser region against uncontrolled quantities
of water vapour and mechanical impurities it was necessary to furnish the gas delivery sys-
tem with high pressure vessels containing drying agent removing both the water and most
of the mechanical impurities from the gas.

9. Expansion channel, together with the arc heater, plenum chamber and diffuser.
The system consisting of the expansion channel, arc heater, plenum chamber and diffuser
(Fig. 2 and 4) forms a central part of the GDL facility. Nitrogen is heated in the arc heater
and plenum chamber. In the expansion channel expansion of gases occurs with freezing
of population N,(v) in the state determined approximately by equilibrium parameters
in the plenum chamber, mixing of CO, and N, with a transfer of vibrational energy quanta
and the laser action within the segment embraced by resonator mirrors. The diffuser at the
channel outlet is used for compressing the gas to the atmospheric pressure.
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In order to secure a high population of the first vibrational levels of nitrogel.l,
a possibly high temperature of the gas is needed. This temperature is, however, limited
by dissociation of N, (its influence being significant only over 6000°K) and technological
requirements, namely thermal resistance of the wall coating materials in the plenum cham-
ber. These requirements restrict the static temperature there to the limit of about 3000°K.
Actually the limit 2500°K was assumed to assure a sufficient durability of coating materials.

The measured input power of the arc heater, working at about 10 atm pressure, was
equal to about P,=25- 60 kW (total), its efficiency equal to 7,=40 - 609;. This power
is to be dissipated inside an arc column of possibly high resistance in order to minimize
the surface current density on the electrodes and to increase the durability of the electrodes.
This requirement was fulfilled by using a two-anode arc heater with the whirl-stabilized arc.
The water-cooled copper cathode has a shape of a cone with thorium added tungsten tip.
The anodes are water-cooled copper nozzles positioned along the cathode axis. The bodies
of the electrodes are made of brass and isolated by epoxy rings. The cathode has an argon
shield to protect against rapid wear. Argon is fed to the chamber between the cathode
and the first anode with an initial whirl. The chamber between the anodes is supplied with
nitrogen which enters also with a strong whirl. Since nitrogen is heated mainly inside
the second anode, it is desirable to lower the first anode current as much as possible. This
is executed by a limiting resistor and a switch (which is used for disconnecting the anode
from the power supply after reaching nominal working parameters). The Ward-Leonard sys-
tem serves as electric power supply, connected through a stabilizing resistor. The arc heater
is ignited by a pulse short-circuiting through the cathode and the first anode, an arc being
shifted to the second anode as a result of increasing the nitrogen flow.

The plenum chamber serves as a reservoir for equalizing the pressure and temperature
of the (N,+Ar) mixture before expansion. It is located coaxially with the arc heater,
at the outlet of the second anode. The whirling hot gas entering the chamber is mixed with
a cold nitrogen pressed inside through a swirler. A ceramic wall protection (from either
MgO or ZtO,) is adopted, whereas the steel body of the chamber is water-cooled. Nominal
gas parameters within the plenum, for continuous operation, are: temperature Ton,=
=1200 - 2500°K, pressure pon,=8—12 ata.

Nitrogen enters the nozzle system of the expansion channel through a ceramic coated
slit in the side wall of the plenum. The nozzle system has a form of segmented slab (Fig.
2, 3 and 6) made of heat-resisting alloy, where N,- and CO,-expansion nozzles are alterna-
tely placed, carbon dioxide (with or without water vapour) being fed from the preheater
(which serves thus as a plenum for CO,). Each of 15 identical N,-nozzles has a length of
Ly, =75 mm, a throat cross-section area of Ay, =1.96 mm? and expansion angle of oy, =9°.
A total volume flow of nitrogen is Qy, =40 - 55 m® p.h. Corresponding values for CO,-noz-
zles are: Leo, =57 mm, Aco,=0.41 mm? and tco,~3°% a total volume flow being equal
to: Qco,=15-25 m® p.h. After leaving the nozzles, parallel streams of the both gases
flow along the slightly divergent channel, the mixing taking place within boundary regions
of the neighbouring streams (Fig. 3). The population inversion Nco,(00°1)/No,(10°0) is
obtained as a result of the vibrational energy transfer between N, (v) and CO, (0) states
{(see [18]). This process occurs before the gas mixture enters the resonator region.

The expansion channel is embraced by four flat walls, the narrower, side walls having

i

:
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three pairs of openings furnished with quartz windows. The first pair uncovers nozzle
outlets, the second and third one are spaced down the channel. Every pair of windows may.
be replaced by optical resonator mirrors. The streams of a cold nitrogen are used to protect
mirror surfaces against impurities carried by the gas and the temperature rise within boun-
dary layers. Also a movable probe for taking gas samples in order to examine the CO,
content across the channel may be mounted in any of the pairs of openings. The upper
and lower walls of the channel are water-cooled.

For the experiments two identical optical resonators were fit up to the openings at the
distances Lg, =62 mm and Lg,=135 mm from the nozzle system outlet. Their circular
mirrors (dy, =9 mm) were made of gold coated steel, the transmitting mirrors — flat with
concentric holes of diameter dp=2 mm, the totally reflecting ones — spherical with radii
of curvature equal to about 7,,=1700 mm. The holes were not covered and let the air
into the channel, but, as has been proved experimentally, it did not affect the laser action.
The active volume of each resonator was equal to Vz=9.6 cm®. Pressure inside the first
optical cavity (Fig. 1) amounted to p,=12-20 Tr.

The diffuser has the form of an expanding channel with flat walls (Fig. 2 and 7), and a
wedge-shaped slab inside movable upstream and downstream direction of the channel.
The slab is made of heat-resisting alloy, its expansion angle being equal to 15°. The gas
leaving the channel is compressed in a sequence of oblique shock waves building up between
the wedge and the walls of the diffuser. The GDL facility is started with the wedge located
downstream and the exhaust gas being sucked out by a 2-stage system of vacuum pumps.
After that the wedge is moved upstream, causing gradual increase of the compression.
A valve connecting the diffuser with atmosphere is opened after the pressure in the diffuser
exceeds 1 atm. Then the main vacuum pump can be switched off (the first stage pump
is already stopped automatically due to the first slight increase of the pressure).

10. Exhaust system. The described GDL facility has been designed to operate without .
sucking gases out. For that purpose the movable slab inside the compressing diffuser
ought to be properly placed. However, low pressure inside the channel is needed before
starting the laser. It is also necessary to extract the gases in case of inefficient operation
of the diffuser. These requirements have been fulfilled by constructing an exhaust system
composed of a two stage pump assembly of high delivery, able to remove up to 170 m? of
gas per hour. As the first stage a centrifugal compressor (former aircraft engine superchar-
ger) was adapted. It was driven by an 40 kW electric motor at 2980 r.p.m. Revolutions
of the motor were matched to those of the compressor with the use of a suitable system
of gearboxes and a centrifugal friction clutch. The suction pumps have been equipped with
a common pressure oil lubricating system. The second stage suction pump is a liquid ring
one, the working liquid being silicone oil. The oil is fed from a tank through a cooler by a
small centrifugal pump; from the pump it flows gravitationally back to the tank. The
working temperature of the oil is about 340°K (its ignition temperature being 520°K).
For removing oil mist at the exhaust a tank with a system of screens is used. The pump
is driven by a 55 kW electric motor at 735 r.p.m.

The main — second stage — pump allows to decrease the pressure in a closed chamber
down to 20 Tr, while the whole assembly gives the minimum pressure of about 10 Tr (the

2 Prace IMP z. 62-63
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compression ratio of the first-stage equal to 2). Its delivery is e.g. for p=30 Tr, Q=50 m?®
p.h., for p=60 Tr, 0=150 m* p.h.

The exhaust of the laser is cooled by a cooler placed between the diffuser and the pumps,
down to the temperature of about 310 - 330°K, depending on the delivery.

11. Starting or stopping the GDL facility requires a series of timed operations,
performed in a proper succession. For instance the arc heater ought to be switched on only
after valves of the gas supply system are opened, gas delivery has to be exactly established,
adding water to the gas must not take place too early etc. The individual units of the facility
ought to be protected against damage in case of exceeding the permissible working regimes.
To meet these requirement a simple programmed control system has been designed, its
program covering the control of : gas and additives supply, electric power supply, shifting
of the diffuser wedge and running the pump assembly. Also a number of protective circuits
is controlled. Starting and stopping of the facility were each divided into two stages. Besides,
manuzl control of the facility was possible between these stages, allowing to make correc-
tions of the individual parameters or a shut-down. The protecting circuits have been desig-
ned to prevent damages to individual units of the facility by incorrect manual control.
Also any erroneous ordering the improper stage of the starting or stopping has been excluded.
Full set of measuring and control instruments has been mounted to control all the important
parameters during operation. Types of instruments and points of measurement have been
indicated in the schematic diagram (Fig. 1).

Primary results of experimental investigation

12. Two principal parameters of the laser have been measured during the experiments:
the output power of radiation and the divergence of the radiation beam. The radiation power
was measured with the use of a thermal gradient radiometer [25], the measurements being
checked by means of a resistance calorimeter of power range 0- 34 W. The divergence
of the radiation beam was determined from thermal traces left by the beam in screens.
Furthermore, a series of experiments of qualitative character was made in order to determine
the direction of the laser modifications leading to higher output powers and energy transfor-
mation efficiencies. The following results have been obtained:

a. The maximum measured output power from the first resonator cavity (Fig. 1) was
equal to P{" =22 W. The corresponding output power density per unit volume of the cavity
was equal to p{")=2.29 W/cm?, whereas the specific power per unit of mass flow of the wor-
king mixture was g{"’=0.724 kW/kg-s~'. Simultaneous measurements of the output
power from the second cavity yielded P*=13 W, with the corresponding p®=1.35
W/em? and g{*=0.426 kW/kg-s~. Thus, the total output power was equal to P, =35 W
with specific power g.=1.15 kW/kg-s~1,

b. It is obvious that there is no influence of the second resonator on the working para-
meters within the first one. On the other hand, the output power of the second resonator
cavity was approximately P{" while the first one was completely misadjusted.

c. The beam divergence from each of the resonators was equal to @22,
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d. The duration of continuous operation of the laser, limited by the capacity of the gas
upply collectors, was about 1 hour. During the experiments thermal misadjustment of the
resonators has been observed, leading to a drop in output power. Permanent corrections
of the mirrors adjustment were made during the run, indispensable for maintaining maximum
output power level.
e. Argon was added to nitrogen for arc heater cathode protection. This, however,
afiected the relaxation processes of nitrogen as well as of carbon dioxide [26] so that,
sirictly speaking, the considered gasdynamic laser ought to be recognized asa CO, — N, —Ar

f. The above given experimental results refer to the following working conditions and

sdynamic parameters of the GDL facﬂlty the arc heater input power P,=49 kW; its

ficiency 77, =56 %; gas delivery: On, =52 m® p.h (n.t.p), Qco, =19 m3 p.h, QA,—9 m? p.h;
static temperatures: Ton,=Toar =1700°K, T co,=300°K; static pressures in the plenum
chambers: Py co,=11 ata, pon,+Poa,=9.2 ata; static pressures in the laser regions: p{ =
=13 Tr, p?'=15 Tr, Mach number Ma=~4.3.

g. The laser action was observed already at starting parameters of the facility, i.e. with
the arc heater power supply as low as P,=25 kW, nitrogen delivery Qyn,=38 m® p.h and
the following gas parameters within plenum chambers: Ty, =T, = 1200°K, py, +pa, =6 ata,
Pco, =11 ata, Tco,~300°K. The total output beam power was equal to P,=16 W (with
corresponding value of specific power g,~0.58 kW/kg-s~*), outputs from the first and
second cavity being equal, respectively, to PV'=8.5 W (p{?=0.89 W/cm?) and PP =7.5 W
(p»=0.782 W/cm?).

h. The quantum efficiency of the laser region determined as a ratio of the power trans-
mitted outside to the virtual radiation power stored in the isothermal nitrogen plenum
chamber (in form of vibrational excited states N,(v)) has also been calculated. It amounted
to =179

i. The generated radiation was partly absorbed by imperfect mirrors. The absorbed
power has been evaluated by measuring the rate of the mirrors temperature increase; it
amounted to about P,>87 W (with P{>55 W and P¥>32 W).

The quantum efficiency value, if corrected for the above given values of absorbed power
(as it was been made e.g. in [13]), was equal to #** 9 ~2.41%.

j. The influence of water vapour on the laser action has been evaluated only qualita-
tively. It was established that by adding about 3.5 percent of H,O (with CO, considered
as 100 %) the laser action was entirely extinguished. However, unknown quantities of water
carried by low quality commercial gases used in the experiments did not allow for making
any quantitative evaluations of the water influence. It is planned to redesign the gas and
water vapour supply systems in order to enable such an evaluation.

o3
e
C

13. The gasdynamic laser facility presented in this paper can be compared, with regard
to its dimensions and basic working conditions, with the CO, — N, CW gasdynamic lasers
described in [13, 14, 15, 21]. Such a comparison has been made in Table 1. For experiments
reported in [13] two sets of data are presented in Table 1, namely: for the transmitting
mirror with central hole of 0.8 mm diameter and (data in brackets) for the mirror with 7 holes
of 0.8 mm diameter each; for this mirror maximum value of the output power was reached.
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Data obtained for the above described GDL facility are also divided into two sets; values
within brackets have been obtained with the both resonator cavities regarded as one source
of radiation.

14. The basic planned modification of the above described laser is foreseen in the optical
resonator design; namely a resonator appropriate for gasdynamic lasers is to be applied,
embracing relatively long segment of the laser channel in the direction of gas flow. This
conclusion, coming from the observation of effective operation of the two conventional
type cavities spaced in the flow direction (P{" : P$*=2.75 : 1), has been confirmed by the
theory presented in [11, 12]. It is worth mentioning that a resonator of construction similar
to that described in [12] has been used by Gerry [14] in the GDL of power P.=60 kW
and specific power g.=4.3 kW/kg-s~* which are the highest ones obtained heretofore.
As has been indicated before, the specific power per unit of mass flow is a proper parameter
for comparing different gasdynamic lasers. Its value for the facility described in [14] is about
4 - 5 times greater than maximum values of the specific power presented in Table 1. Mo-
reover, the analysis of published data leads to the conclusion that each of the CW gasdyna-
mic lasers built heretofore (there are at least nine of them, based mainly on non selective
pumping during expansion of the mixture) has, less output than the one reported in
[14].

Finally, the authors wish to acknowledge their gratitude to dr G. Malaczynski, mgr
J. Samulski, mgr E. Antropik and mgr J. Kielbinski for their cooperation at various stages
of designing and testing the GDL facility. They are also indebted to mgr J. Konieczka and
dr Z. Rozkwitalski for help in performing the output radiation power measurements. Deep
gratitude is expressed to prof. R. Szewalski for his constant aid and assistance at all stages
of this work. Since the early stages of the project were carried out with financial and orga-
nizational support of the Institute of Quantum Electronics, the authors wish to thank the
authorities of this Institute, and especially prof. Z. Puzewicz, for his kind interest. We are
also very much indebted to prof. W. Brzozowski for his interest in this research program
and extremely effective help in overcoming technical and organizational difficulties.
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Gazodynamiczny laser CO,—N, o dzialaniu ciaglym

Streszczenie

Podaje sie zwiezly opis techniczny stoiska i zasad dzialania gazodynamicznego lasera CO,(H,0)—
—N,(Ar) o dziataniu ciagtym. Dyskutuje si¢ rezultaty wstepnych eksperymentéw przeprowadzonych
przy uzyciu w laserze gazodynamicznym konwencjonalnych wnek rezonansowych. Transmitowana na
zewnatrz kanatu moc promieniowania A=10,6 um wynosita P.=35 W, co odpowiadato gestosci mocy
produkowanej z jednostki objetosci czynnej rezonatora optycznego p.=2,29 W/cm?, Modelowy para-

“smetr lasera gazodynamigcznego okreslajacy ilos¢ mocy produkowanej z jednostki wydatku masowego
mieszaniny roboczej mial wartodé g.=1,15 kW/kg-s~*. Rozbieino$¢ wiazki wynosita ok. 6227,

W zakoriczeniu przeprowadzono poréwnanie omoOwionego urzadzenia z innymi laserami gazo-
dynamicznymi CO, o dzialaniu ciggtym formutujac w oparciu o wyniki eksperymentu i wyniki po-
rownania podstawowe wymagania, ktére musza by¢ spelnione dla podwyzszenia mocy wyjSciowej
i sprawnosci technicznej GDL.

Gasdynamischer CO,—N, Laser mit Dauerleistung
Zusammenfassung
Es wird eine kurzgefaBte technische Beschreibung des Priifstandes und der Wirkungsweise eines
sasdynamischen CO,(H,0)— N,(Ar) Laser mit Dauerleistung angegeben.

Die Resultate der ersten Experimente, die an einem gasdynamischen Laser unter Anwendung
der konventionellen offenen Resonatoren durchgefiilhrt worden sind, werden diskutiert. Die auBer-



22 J. Milewski et al.

i

B

halb des Kanals transmittierte Strahlungsleistung A=10,6 um betrug P.=35 W, was einer vom wirksa-
men Einheitsvolumen des optischen Resonators erzeugten Leistungdichte p.=2,29 W/cm?® ent-
sprach. Der Modellparameter des gasdynamischen Lasers, welcher die von einer Massenstromeinheit
des Arbeitsmediums erzeugte LeistungsgroBe bestimmt, hatte einen Wert von ¢.=1,15 kW/kg-s™ L
Offnungswinkel des Strahlungsbiindels betrug ca. 0~22’.

Abschliessend wurde ein Vergleich der betreffenden Anlage mit anderen gasdynamischen Dauer-
leistungs-CO,-Lasern durchgefiihrt.

In Anlehnung an die experimentellen Resultate sowie die Ergebnisse des obenerwdhnten Ver-
gleiches wurden die Anforderungen formuliert, die zur Erh6hung der Austrittsleistung und der tech-
nischen Wirksamkeit des gasdynamischen Lasers zu erfillen sind. :

T'azomumavnaecknii jgazep CO,—N, HenpepeiBHOIO JeHCTBUA
Pesrome

JlaeTcsi KpaTKOe TEXHWYECKOE OINMCaHWe CTEHOA W MPWHIWIOB NEUCTBYUSA ra3oIuHAMUYCCKOTO Jasepa
CO,(H,0)—N,(Ar) HenpepsBHOTO aAciicTBusa. OGCYKNAXOTCS PE3YNbIATHL IPEIBAPHTEIBHBIX JKCIICDH-
MEHTOB, IPOBEACHHBIX C YIOTPEOICHNEM KOHBEHIMOHAJIBHBIX DE30HAHCHBIX HUII B Ta30JMHAMHAICCKOM
nazepe. IlepenaBaeMasi HapyXy KaHajda MOWIHOCTh m3iydeHwmss A=10,6 pM paBHA P,=35 BT, 4TO OTBE-
4aer IWIOTHOCTH MOIIHOCTH, MPOW3BOIAMON M3 €NWHWIEI AKTHBHOTO 00BEMA ONTHYECKOTO DE30HATOPA.
P.=2,29 Br/cM®. MozmeneHBIA mApaMETp Ta30AMHAMAYECKOTO Ja3epa, OMPEHCIISIOMUY KOIMIeCTBO
MOIIHOCTY IPOXU3BOIMMON U3 €IHHIIEI MACCOBOTO pacxoaa paboyeit cMecH, NOCTHTAN 3HAYeHUS g.=1,15
KBT/KT* cex~'. PacxoImMOCTh mydYKa HOCTHTajia OK. O~ 22’.

B 3axXII09cHAY CPaBHUBAETCS 0OCYXITaeMoe YCTPOUCTBO C OPYIMMH Ia30dHHAMAYCCKAMU JIa3epaMu
HENPEePHIBHOTO JIEHCTBHA, OMPEAEss Ha OCHOBE PE3YJIbTATOB IKCHEPAMEHTOB M IPOBEACHEOTO CPABHEHYSA |
OCHOBHEIE TpeGOBanwsI, COGIIFOIEHIE KOTOPHIX HEOOXOOUMO IS IMOBBINEHNS UCXOAHON MOIIHOCTA 1 Tex- |

i

HHUYECKON HANESKHOCTH Ta30JAHAMAYECKOIrO Jasepa. i



