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LABORATORY OPERATIONS

The Laboratory Operativnes of The Aerospace Corporation is conducting
experinmental and theoretical investigations neceasary ior the evaluation and
apphcatlivn of scientific advancees to new imilitary concepts and aysteins, Ver-
satility and flexibility have been developed to a high degree by the laboratory
personnel in dealing with the many preble as encountered in the nation's rapidly
developing apace and missile aystems, Expertise in the latest acientific devel-
opments ia vital to the accomplishment of 1asky related to these problems. The
laboratories that contribute to this rescarch are:

Aerophysics Laboratory: Laun:h and reentry serodynamics, heat trany-
{er, reentry physica, chemical kinetics, structural mechanics, flight dynamics,
atmospheric pellution, and high-power gas lasers,

Chemistry and Physics Laboratory: Atmceapheric reactions and atmos-
pheric optica, chemical reactiona :n polluted atmospheres, chemical reactions
of excited species 1n rocket plurnes, chemical thermodynamics, plasma and
layer-induced resactions, lager chemistry, propulsion chemistry, space vacuum
and radiation effects on materials, lubrication and surface phenomera, photo-
sensitive materials and sensors, high precision laaer ranging, and the appli-
cation of physics and chemistry to problems of law anfurcement and biomedicine.
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Elecironics Nescarih f.aboravory: Flectromagnetic theory, devices, and R
propagation phenomena, including plasma electromagnetics; quantum electronics, :
lasers, and electro-optics; communication sciences, applied . lectronics, semi-
conducting, ouperconducting, and crystal device physics, optical and acoustical
imaging; atmospneric pollution, millimeter wave and far-infrared technology.

Materials Sciznces Laboratory: Development of new materials; metal
matrix composites and new {orms of carbon; test and evaluattion of graphite
and ceramics in reentry; spacecrafi materials and electrouic componente in
nuclear weapons environment: application of fracture mechanics to stress cor-
rosion and fatigue-induced fractures in structural metatis.

e R R

Space Physice Lahoratory: Atmospheric and ionospheric physics, radia-
tion from he atmosphere, density and composition of the atnwsphere, aurorae
and airglow; magnetospheric physics, cosmic rays, generatinn and propagation
of plasma waves in the magnetosphere; solar physics, studies of solar magnetic
fields; space astronomy, x-ray Astranomy: the effects of miclear sxplosicr
magnetic storms, and solar activity on the earth's atmosphere, ionosphere, and
magnetosphere: the effects of optical, electromagnetic, and particulate radia.
tiona in space on spacc syaterns,
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1 ABSTRACT

Qutput pulse cbservations are presented for a He-diluted CO?. laser
pumped by vibrational-vibration (VV) energy transfer from vibrationally
excited DF produced by the DZ,-FZ chain reaction. Flash photolysis of
the FZ initiated the reaction, A 290-c1n3 reaction chamber containing

a 0,5-atm mixture with a mole ratio DZ:FZ:COZ:HQ = 0.33:1,8:10 gave

a single-pulse output energy of 2.8 J. Relative to the amount of DZ
present in the reaction chamber, this corresponds to a chemical ef-

ficiency greater than 5%.
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ABSTRACT

Output pulsc observations are presented for a He-diluted COZ
1ascer pumped by vibration-vabration (VV) cnergy transfer trom
vibrationally excited DF produced by the DZ-I"?_ chain rcaction, Flash
photolysis of the ¥, initiated the veaction. A ?.90-cm3 rcaction cham-
ber containing a Q. 5-atm mixture with a mole ratio Dl:FZ:(’OZ:HC =
0.33:1:8:10 gave a single-pulse output energy of 2.8 J, Relative to the
amount of DZ present in the reaction chamber, this corresponds to a

chemical efficiency greater than 5%,
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EFFICIENT PULSED CHEMICAL LASER

We¢ have measured pulse energy and temporal and spatial
distribution of the pulse from a D?_-FZ/COZ chemical transfer laser

involving the pumping and transfcr steps

F 4 D, —>DF(v) + D (1)
D+¥,—DF(v) +F (2)
DF(v) + CO, — DF(v-1) + CO, (3)

where v and = indicate vibrational e¢xcitation. The reaction was

initiated by flash photolysis of the F,.

First operation of a DF/CO2 laser was achieved by Gross

PO SRR TR .
rmis obltained wheil various

(Ref, 1) who observed the laser pulse {

~
(o3

Pt

FZO-DZ—COz mixtures were flash photolyzed. Chain-reaction punping,
by the use of reactions (1) through (3), was introduced by Cool and co -
workers (Refs, 2-5), who have made an extensive study of the power
output of cw D.Z_FZ/C'OZ, lascrs, After careful optimization of D, -F, -
COZ—I{(‘ flows, they found cheniical efficiencies as large as 4. 6%,
Scveral other studics of ¢w D, -F,/CO, lasers have also been performed
(Refs. 6-8), Pulsed operation of a chain reaction DZ—FZ/COa laser

has been reported by Ba:ov et al. (Rcfs. 9-10) and Poehler et al,,

(Ref, 11),who flash photolyzed D, -F,-CO, and D2-17‘2—(302

respectively, In the experimcents of Pocehler et al,, with a total sample

-He mixtures,

pressurc of 700 Torx, the encrgy output was 5.2 J; with their composition,
this corresponds to a chemical efficiency of 3.2%. Here we report
preluninary studics of a pulsed DZ-FZ/CO2 laser with flash-photolyzed
DZ-FZ—COZ-H(- mixtures in which pulse c¢nergies as large as 2,8 ] and
peak powers greater than 160 kW have been achiceved, Thi. pulse cnergy

corresponds to a chamical efficiency greater than 5%.
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Experimnents were performed by the usce of the apparatus
shown in Fig. 1. The lascer tube was a scction of quartz pipe (Thermal
Amcrican Fused Quarts) of 25-mm i.d. and 55-cm length fastenced to
aluminum fixtures helding KCI windows at the appropriate Brewsier's
angle.  The laser tube was centered within a 1. 2-m optical resonator
formed by a spherical mirror of 8,8-m radius and onc of a sct of
dicleetric-coated germanium flats (Valpey). The spherical miirror

was coated with Auand Mgl', to a nominal reflectivity of 98%. The

2

diclectric flats had various transmissivitics ranging from 1 to 35%.

Helium (Matheson, 99,99%) and Fg (Matheson, 98%) were premixed
at a mole ratio of 10:1 in a 19-liter passivated stainless steel bottle
at 10 atm. A flow of the He-F, mixture was delivered through a regulat-
ing valve to a mixer where it was injected through a calibrated sonic
orifice, Mectered flows of the remaining gases, D, (Matheson, 99.5%),
COZ {(Matheson, 99.8%), and the balance of the e were introduced into
the mixer through another sonic orifice. As a precaution against pre-
ignition of the mixturce, the mixer was cooled by immersion in A dry
ice and alcohol bath., Likewise, downstream of the laser, the mixture
flowed through a flamie arrestor composed of a parallel-flow array of
fine tubes that was cooled in another such bath, The flow rate was such
that the Z90-c1n3 volume of the quarty pipe was exchanged, nominally,
cvery 1.5 scc. Gasces from ihe system were exhausted by a 30-liter/min
mechanical pump (Kinney) after passing through a charcoal trap to pro-
tect the pump from unreacted Fs. Pressures were measured with F,-

compatible gauges (lleise) with Cu-Be Bourdon tubes.

A Xe flash lamp of 56-cm active length (Kemlite) energized by
an ignitron-triggered 14.7-pu¥F/20-kV capacitor (Sangamo) scrved to
initiate the reaction, Close coupling of the flashlamp to the laser tube
was accomplished by wrapping the two together with an aluminum foil

reflector.
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BREWSTER QUARTZ PIPE
U WINDOW :HI ' j”: )]
' HOLOER
ale 7 B )
— ENERGY METER FLASHLAMP .

NOT SHOWN: e

LASER COOLING SYSTEM

INVAR ALIGNMENT FIXTURES 2

Fig. 1. Hipgh-Pressure Flash Photolysis Laser Apparatus., (The 3
Iaser cooling system and In var alignment fixtures are 3
not shown.) 3
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The energy of the laser pulse was meastured by focusing the
vutput beam into a calorimeter, A cance-thermopile unit (TRG) with a
2-cm-diam aperture was used, The time history of the laser pulsc was
obscrved with a Au:Ge detector (Raytheon),  The flashlamp intensity
history was monitored with a type 929 photodiode (RCA).  Listimates
of the spatial distribution of cnergy in the lascer output were obtained
by observing color patterns formed in an encapsulated liquid crystal

screen (National Cash Repister) held in the output beam,

We lave operated the laser with good success at initial pressures
up to 0.5 atin,  An oscilloscope record of flashlamp intensity (apper
beam) and lascr output (lower beam) for a 0. 5-atm mixture with a mole
ratio 1)2:}‘ )0 C()z:llc = . 33:1:8:10, flash encrgy of 24005 (18 kV),
and 35% output coupling is shown in Fig, 2. An encrgy output of 2.8 ]
was obtained for these conditions, The liquid-crystal observations
indicated that roughly one-third of the reactor cross -scctional area

< £111 0 1 N
Yyl 1 AAACUL W XTI ﬁLL'()]lE‘ Ccrnlission,

2
. . J cgs
For the total volume of the reactor, 290 cin™, and an initial
pressure of D,, 0.5 Torr, reactions (1) and (2) liberate 54,7 J. The
ey
measurcd laser output, 2.8 71, is 5. 1% of this chemical energy release.
, BY
With the actual volume uscfully cmiployed by the resonator modes
Y ploy Y
accounted for an cfficiency of 15.3% is yielded, This chemical efficiency
is significantly larger than the 3.2% obtained in earlier chain-reaction

D,-1,/CU, pulscd-laser oxperinients and the 4, 6% value reported for

o

an optimized ew laser.,

The ratio of our laser's output cnergy tu its volume is just
slightly less than 20 J/liter atm,.  Again, with the active volume of the
lascr usctully employed by the resonator modes accounted for, an enerpy

density of approximately 40 J/liter atm is yiclded, This energy is

-4 -
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Fig. 2. Laser and Flashlamp Temporal Distribution. {(a) Flash-
lamp Profile (RCA 929 Fhotodiode, 50-9 Load). (b) D,-F,/

COz Laser Qutput {Au:Ge Deiector, 50-9 Loadj,
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promisingly closce to the 10- to 50-J/liter atin values reported
recently for electrically pumped atmospheric-pressure C(i2 lasers

(Refs, 12-14), %

Etching of the KCl Brewster windows by the corrosive gases in -

the system complicated the experiments, The largest encrgies were
scen with freshly installed windows, On successive shots, window
ctehing produced a fairly rapid deterioration in performance, We found
that a bal, coating on the windows gives only a moderate amelioration
of this problem. Because of this complication, we have not compl! >ted
a fuil optimization of operating parameters for maximum energy output,
Thus, while the foregoing 2,8 J is the largest encergy the laser has pro-
duced so far, we do not believe it represents maximum output for this

device, Increascod initial pressure and further optirnization of mixture

composition, mirror alignment, output coupling, and strength of
initiation all merit atitention, Exploration of these possibilities is H

underway, as is comparision of the results with theoretical modeling, %

“N. G. Basov, 7th Quantum Electronics Conference, Montreal, Canada,
1972, i

PN

'liR. I.. Kerber, N, Cohen, and G, Emanuel, "A Kinetic Model and -
Computer Simulation for a Pulsed DF/CQ, Chemical Transfer Laser,"
(unpublished), “
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