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ABSTRACT 

Thi» report contains a datcription of tha tachnical problai: area« 

and accompliihmantB achieved during the reporting period.  In addition, 

a complete liet of publication«, presentation«, lecture«, etc. i« 

included and the pereonnel aeeociated with thi« program are listed.  The 

research project« are in the general «ubjact area« of fluid and pla«ma 

dynamic«. The work deecribed wa« carried out under an KRTA  contract. 

Order No. 1442, Amendment 2. 
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II.  RESEARCH PROJECTS 

In this ■•ction, the varloua technical aapecta of the individual 

reaearch project» are diacuared.  In addition to a c'cacripttor. of the 

tasK, the inveatigator», including faculty and atudenta, and the current 

effort and major accompliahmenta to date are described.  The various 

research areaa are listed here for reference! 

A. Flow Diagnostic Development 

B. Electron Beam Diagnoatica of Turbulent Plaamaa 

C  Entrainment, Vortex Structurea and Turbulence 

C. Laser Brightness Experiment 

E.  Multiphase Flow Diagnoatica 

A.  Flow Diagnostic Development 

Investigatort  Professor S. Lederman 

Technical Program and Accompilahments: 

As indicated in the previoua progress report, the emphasis in 

our research effort in flew diaqnostir developments has been ahifted from 

1 2 3 electrostatic probes, electron beams  and microwaves '  to the field of 

spectroscopy and in general laser diaqnostir techniques.  Several 

aspects of these techniques are under inveptiqation in our laboratory. 

These are concentration measurements of specific components of gas 

mixtures by means of the Raman effect, concentration measurements by 

•leans of the resonant Raman effect; temperature measurements by means of 

».he vibrational Stokes to Anti-Stokes intensitieai temperature measure- 

ments by means of rotational intensities. Stokes to Anti-Stokes, Stokes 

to Stokes and Anti-Stokes to Anti-Stokes; and velocity measurements by 

means of a Laser Doppler velocity meter.  In another aspect of this work 

the problem of interference of aluminum oxides with the diagnostics of 

an exhaust of rockets by means of the Raman scattering technique» was 

m~m 
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examined.  Por that purpose a special apparatus was conctructeo. It was 

possible to Inject Into the viewing volume of known specie concentration 

a known amount of powdered aluminum oxide, and measure the effect of the 

latter on the acattered intensity of the Incident rsdistlon due to the 

known concentration of a given specie. The results of this work were 

reported In PIBAL Report Mo. 72-39.4 In the course of the resonant Raman 

effect investigation, after some encouraging preliminary work conducted 

with iodine vapc- and a ruby laser, an attempt was made to uae a tunable 

dye laser for a seriea of relevant gases.  Our efforts in this direction 

were, however, unsuccessful due to the very narrow range of laser tunabllity 

and a disproportional drop in power outpu* of the 1 iser at shorter wave- 

length. Due to this development our attention har been shiftsd towards 

the use of a dye laaer pumped with a pulsed nitrogen leser. At the 

moment we are in the process of maximising the power output and calibrating 

the nitrogen laser.  Simultaneoualy, a special chamber with the proper 

input and output ports, proper pumping and pressurizing, aa well aa heating 

facilltlea, has been constructed. With the above, a aystematic inveeti- 

gation of the resonsnt Raman effect on a aeriea of relevant gases should 

be possible to perform. 

As far a« apecie concentration and temperature measurements are con- 

cerned, a nuiriaer of experimenta have been performed in a stationary 

aystem in our laboratory, proving to our aatisfaction the basic principles 

and techniques. At present, an effort ia being made to obtain simultan- 

eoualy the concentration temperature and velocity of a flow field on an 

instantaneoua baaia at a point, as well aa a mean value of the data at a 

given point in space. To thia end a system conaiating of a pulssd laaer, 

a c«. laaer, apectroscopes, data acqulaltion and proceaaing equipment, as 

well aa an on-line computer is being utilized.  Some preliminary results 

utilizing this system have been reported in Ref. 5.  The temperature 

measurement capabilities should be grestly increased with the acquisition 

tamtm 
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of a Sp€x 14C2 double mnnochromator. This instruMnt 1« icheduled for 

delivery shoztly. With thie instrument the temperature measurement 

utilizing the rotational Raman spectrum will be possible. 

Referen-es: 

1. Lederman, S. and Avidor, J.M.: Slightly Ionized Low Density Hyper- 

tonic Flow About a ^harp Plate and Its Diagrostics.  Paper to be 

presented at the A1AA 6th Fluid & Plasma Dynamics Conference, Palm 

Springs, California, July 1973. 

2. Lederman, S. and Dawson, E.F.i Pulsed Microwave Breakdown in Gases 

With a LvJw Pegree of Preionization. J. Appl. Phys. (tobe published). 

3. Lederman, S. and Dawson, E.F.i Effect of Microwave Radiation en a 

ShocK-Produced Electron Precursor.  PIBAL Report No. 71-13, May 1971. 

4. Hit- nan. S.i Raman Scattering Diagnostics in the Present of Al^O-j. 

PIBAL Report No. 72-39, December 1972. 

5. Lederman, S. and Bornstein, J.: Specie Concentration and Temperature 

Measurements in Flow Fields.  PIBAL Report No. 72-30, October 1972. 

B.  ^jtoctron Beam Diagnostics of Turbulent Plasmas 

^nvcatigatorst  Professors R.G.E. Butter and H. Farber 

Technical  Program and Accompliahments; 

It is the purpose of this program to demonstrate the feasibility 

of using an electron beam as a diagnostic vool for the detection of 

turbulent 'luctuations in an ionized medium. 

During the period covered by this report, the data obtained 

during the orevious period and described in the preceding report were 

analysed.  It was found possible to explain all observations quantitatively 

The causes for the seemingly non-repeatability of the experiments on 

different days were found and the theory was able to described the effects. 

The theory commonly employed, to describe amplification chara- 

teristics of beam-p-Uama systems, was extended to include "initial 



conditions" and "inhomogeneitie«" of plasmas. 

A paper describing th« «xperimental results and theoretical explana- 

tions has been written and is being submitted for publication. 

Reference» 

1.  Huttwr, R.G.E.:  Beam-Flaama Experiments. c,b(?<<tted frr puoiicacion 

in the J. *ppl. Phys. 

C.  Entrainment, Vortex Structures and Turbulence 

Investigator:  Professor P.M. Sforza 

Technical Program and Accomplishments: 

Density variations and their effect upon turbulent Mixing pro- 

cesses are important features of undersea flow fields.  Our laboratory 

experiments on the wake behind a heated circular cylinder, whose axis is 

aligned with the free stream direction, indicate that the effect of small 

upstream disturbances influence the initial conditions for the wake. 

This experience was described to the participants in the ARPA-APL joint 

workshop held at IDA, April 2-4, 1973.  The experimental facility is in 

the process of being altered to provide particularly accurate control of 

the upstream flow field.  Such flow-induced three-dimensionalities can 

influence those.1 that are density-induced and thereby significantly later 

the far field wake and, perhaps, the wake collapse Jistanc<}. 

Studies of basic vortex phenomena connected with entrainment 

processes peculiar to turbulent flows are continuing.  Understanding 

the entrainment mechanism related to vortex "gulping" of ambient fluid 

can lead to control of this process, thereby provioing a means to alter 

the initial conditions for a jet, wake, or fireball-type flov field. 

A characteristics solution for one-dimensional, two-dimensional, 

or spherical blasts originating from finite volume containers has been 

obtained.  Calculations for conditions relevant to fireball blast 

conditions have been performed.  It is expected that this type of 



capability will provide th« inviscid flow field condition« for applica- 

tion to atudiea of the turbulent mixing of the fireball with its 

aurroundinga. 

D.  Laaei.- Brightness Experiment 

■tnveatigatora.  Dr. J.T. Walter and Prof. J.T. LaTourrette 

Technical fro^rarr and Accomplishments: 

The utility <>f high-power lasers will depend on their output 

brightness, or en how closely their operation approachea diffractic: - 

limited performance.  Several types of high-power lasers require rapid 

ind intimate fixing of two or more component« to produce the excitation 

reaction. Output beam quality can be affected by:  (1) index of 

refraction gradients, (2) turbulence produced by the mixing, and (3) the 

reaulting high gain (4dB/cm), output in the green portion of the visible 

spectrum (510 ^nm) and can be operated in a atatic or non-flowing 

configuration. A copper vapor laser is being used as a model for the 

infrared gas-dynamic and chemical lasers to uncouple and aeparately 

investigate the effects of high gain and turbulence in the more tract- 

iblc visible spectral region. 

During init lal experimenta in wui. s a tjanaverae flow was 

introduced within the optical cavity of a copper vapor laser, very 

little change waa obaorved in th« near-field output beam pattern of 

th« l«««r. This r««u't is not conclusive, aince the turbulence-produced 

liatortion of the laaer output waveform might be difficult to dia- 

tinguish within the non-coherent multimode output of the laaer. The 

optical cavity was a plane-parallet Fabry-Perot whose output beam 

tivergencc was much greater than the diffraction-limit because of the 

high gain available in the active medium. An effect of the diaturbancc 

cauacd by the intrcduced flow should be easier to detect if the spatial 

coherence of th« laaer were improved.  The number of transverse modes 

oacillatinu can be rrductd to a aingle one by reducing the effective 

^ . 



diameter to 2mm.  However, iuch a tranaverse diatance ia too amall to 

conveniently introduce a controlled tranaverae flow diatrlbution.  Re- 

placement of the Fabry-Perot cavity by a "high-loaa" rsaonator with « 

large effective magnification factor ia relatively inaenaitivo to 

diatortiona.  The aenaitivity to diatortion can be increaaed by decreaa- 

ing the magnification.  Theae experimenta will be carried out during 

the next reporting period. 

The copper vapor laaf. haa the potential for development aa 

an efficient, high-power la«!ef .  One problem in thia development 

haa been the management of the heat required to vaporiie the copper. 
2 

The initially-developed electrically-heated ayatema produced 40Kw peaK 

power and an electrical converaion efficiency of 1.2% (not including 

heater power).  A aelf-heated copper vapor laaer ayatem haa recently 

been reported3 with a pea> power of 200kw, an average power of 15w and 

an overall electrical e'iciency of 1%.     One diaadvantage of theae 

elect-*cally heated ayatema ia a relatively long warm-up time (aeveral 

houra).  Several other ayatema with faater startup timea have been 

4 5 
teated or auggeated.  Theae include exploding wire , arc heater , and 

electron beam heating6.  All of theae ayatema alao involve electrical 

heat'ng but with conaiderably leaa efficiency ao that their overall 

-4 
electrical efficiency ia leaa than 10  . 

Chemical generation of the copper vapor haa the double advantage 

of a rapid atartup time while at the same time preaerving the high 

elactrice1 efficiency of the copper vapor laaer.  The theoretical 

limiting efficiency of the pulaed copper vapor laaer ia 38% while 10% 

2 
may reprcarrt a practically-attainable goal . 

Exothermic reactiona between metal oxidea and reducing agents 

have been used to produce molten metals usually for welding applications. 

The uaual Thermit reaction employs powdered aluminum to reduce iron 

oxide.  Many other metallic oxidea can be reduced by aluminum with the 

ummm 



re]««»« of  « considsrabl« «mouot of h««t;   for ex«mpl«, 

JCtt.O ♦  2A/   - 6Cu+A/203 ♦   260.3K c«l. 

W« propo«« to u«« thi« r««ctiOB to <l«mon«tr«t« « ch«mic«lly g«n«r«tcü 

copp«r vapor 1«B«I .     Initi«! «Kp«riin«nt» indic«t« th«t thi» r««ction c«n 

«n«>r«t« inoU-«n u^p*i   *t  «  c««p«r«tur« of )e»00oc in «  f«w minut««. 

Ther« i« • tiM9d  for b«tt«r  light «ovw c*-   ' • *r tli« m«ximum of 

t h« w«t«r  tran«ini»«iür   u«nd   {460-490n«) .     Atomic  chromiur. h«s  th« 

potentl«L of pul»«d la8«r action «t 494 or 497nm «iwiUr to th«  l«««r 

action «« di«cover«d .»nd «r« d«v«loping «t 510.6nm in copp«r v«por. 

M« hev« furnac«« c«p«bl« of producing th« lM0or r«a'.*r«d to g«n«r«t« 

the 0.1 Torr of chromium v«por n«c««««ry  for «n «Uaq^t« t««t.     In  fact, 

our copper vapor U«cr ha« b««n op«at«d a« high a«  1650oC whar« th« 

chromium vapor prsnuur« ia 0.5 Torr. 

An Air Forca group haa «xpr««««d an int«r««t  in uaing 

organom«t«llic compound« to g«n«r«t« m«tal vapor« at low t«mp«r«tur«a 

(0-400oC).    Th« praaenc« of th« organic   {ragm«ntc.   how«v«r#   may  inhibit 

laaer action in th» metallic vapor.    Th«r«for«,  we propoae «a th« moat 

direct  flr«t «t«p,   an «xamination of chromium-rar«  qa« mixtur«a   for 

laaer action. 

Referepcua; 

1. Walter. W.T.,   Sclimene,  N.,   Piltch,  M.  «nd Oould,   O.i 

ff^ficient   IKilaed Gaa Diachaiga Laaera.     IEEE Journal of 

Quantum KUctronic»,  QB-2.   474   (1966). 

2. Walter, W.T.:     Martal Vf\por Laaara.   IEE Journal of Quantum 

Elc'CtrTlca,  Q8-4.   355   (1968)   «nd 40-Kw Pul««d  Copp«r Vapor Laaer. 

Oull».in of th*- American  Phyaical  Society,   12,   90   (1967). 

3. I«««v.  A.A.,  K«B«ry«n,  M.A.  and Patraah,   G.G..     Effactxve Pulaed 

Coppor-Vapor La»^r with High Average Generation Power.    JETP 

Letter«,   16,   27   (1972). 

• 
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4. Asmus, J.F. and Moncur, N.K.i  Pul»« Broadening in a MHD Coppr 

vapor Laaer. Applied Phyaice Lettera, ^J   384 (1966). 

5. Ruasell, O.R., Nerheim, N.M. and Pivirotto, T.J.i  Supenonic 

Electric-Di*charqe Copper Vapor Laaer. Applied Phyaice Letten, 

21. 565 (1972). 

6. Bakaht, R.B., BychKov, Yu.I, and Meayata, G.A.«  Poaaible 

Utilization of t Vapor. Formed bv the Action of a High-Power 

Electrqn Beam on a Target, a» an Active Medium for Stimulated 

Rmiaaion of Light.  Soviet Journal of Quantum Electronic«, 2, 

272 (1972). 

E. Multiphaae Flow piagnoatica 

Inveetigatora«  Profeaaor R.J. Creaci and Mr. E.J. Kawecki 

Technical Program and Accompliahments; 

Thie reaearch ia concerned with the application of the Raman 

scattering technique to multiphaae flow diagnoatica in s auparaonic 

stream.  The objective is to measure the apecie masa concentrations and 

resolve the fraction of each apecie in the liquid and gaseous phases. 

The first phaae of this work ia to demonstrate, in a controlled 

atatic test chamber, that the technique can diatinguish liquid from 

gaseous phases and accurately meaaure concentrations of each. 

The experimental spparatua haa bean constructed, optically 

alignsd and calibrated. The desired droplet distributiore, rsnging from 

fin« to large particle foga, hav« b««n repeatably achieved by a controlled 

adlabatic expansion of aaturated air within the chamber, visualization 

and qualitative classification of ths fog was by mi« scattering of a 

H«lium-N«on la««r b««m.  Th« pr«dict«d Raman «hift« for w«t«r w«r« v«ri- 

fied with th« pulsed Ruby laser. 

Work ia now proceeding towards measuring th« liquid water content 

of dropleta using Raman «cattaring. 

M.   



III.  SUMMARY OF RESEARCH PUBLICATIONS 

A.  I>utili«h«d Article» 

P.M. Sforta and R.N. Valentine, "Unateady Plow Within a Circular 

Cavity".   "Rmemnt  r.caearch on Unateady Boundary Layera, 

Vol. 2. Proceeding» of the International Union of Theo- 

retical and Applied Mechanic» Sympoaium on Unateady Boundary Layera, 

Laval Univeraity Pre»», Canada, 1972.  (PIBAL Report No. 72-34) 

An exact »olution to the time dependent Stokes' momentum 

equation» in atream function form ia uaed to ao?ve for the flow inside 

an infinite circular cylinder. The flow i» »tarted by applying an 

impulaive motion to the cylinder wall. The applied velocity may be 

any function of angular location. The solution i» split into two part»: 

a steady state stream function -(r,^) to which is added an artificial 

transient distribution n(r,Q,t). Various aspects of this solution, 

obtained in aeriea form, are discussed. 

0. Moretti and M. Pandolfi, "Entropy Layera".* Computers and 

Fluids, Vol. 1, pp. 19-35, January 1973.  (PIBAL Report No. 71-33) 

The entropy layer on a blunt-nosed cone is analysed, in view 

of the difficulties it produces in numerical computations. A rule is 

given to determine at what distance from the nose the entropy layer 

layer is a given fraction of the »hock layer, for a given free atream 

Mach number. 

A aimple and very efficient way of computing flowa with strong 

entropy layer effects is given.  It is essentially baaed on the 

inaertion ot a line representing a locus of rapid changes in entropy 

derivatives, and en forbidding certain differentiationa across such a 

line 

^Thia work i» partially ■pon»ored by the Office of Naval Reaearch under 
Contract No. N00014-67-A-0438-0009, Project No. NR 061-135. 
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Edward F. nawson and S. Lederman, "Effect of Microwave Radiation 

on a Shock-Produced Electron Precursor".  The Phyelca of 

Fluids, Volume 16, No. 2, February 1973.  {P1BAI Report No. 71-13) 

Results of experiments in which a small pressure driven shock 

tube w«s used to produce a shocks in argon and air above Mach 10 are 

presented.  This was strong enough to produce low level precursor 

ionization ahead of the shock. At the same time, the shock tube was 

used as a waveguide for pulsed X-band microwave radiation with a peak 

power of a few kilowatts.  This further ionised the gas in the precursor 

region, resulting in an Ionisation wave which propagated very rapidly 

toward the microwave source.  The velocity of this wave was measured as 

a function of the microwave power and an interpretation and comparison 

with other data is given. 

B. Presentations  at Technical Meetings 

S. Lederman and E.J. Kawecki are author•. of a paper entitled 

"Determination of Molecular Invariants a' and Y'". which was presented at 

the 38th Meeting of the Supersonic Tunnel Association, held in San Diego, 

Calif., September 11-12, 1972. 

W. T. Walter presented an invited paper entitled "Copper Vapor Lasers" 

at the JSEP Topical conference on High Power and Tunable Lasers, held at 

the University of Southern California in Los Angeles, January 31, 1973. 

C. P.I.E. Reports, Dissertations and Books 

S. Lederman. "Raman Scattering Diagncstics in the Presence of Al203", 

PIBAL Report No. 72-39, December 1972. 

S. Lef»--!! an, E.F. Dawson, and P.K. Khosla, "Creation of Spherical 

Shock Wave in he Atmosphere by Using a Shock Tube", PIBAL Report No. 

72-38, December 1972. 

P.K. Khosla, "interaction of Spherical Source Flow and Axisymmetric 

Free Jet with a Rarefied Background", PIBAL Report No. 72-25, May 1972. 
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IV.  ARPA-RELATED ACTIVITIES, LECTURES AND CONSULTANTS 

A.  ARPA-R«l«ted Activities 

Martin H. Bloom, Dean of Engineering, is a member of the Plume Phyeic« 

Panel of DARPA/ILA.  He is an Army coneultant on the Safeguard pro- 

gram.  He ■•rvae BP  Editor of the new International Journal of 

Computers and Fluid«, which deals with computational fluid dynamics, 

he was the chief organizer of the Symposium on Application of 

Computer» to Fluid Dynamic Analysis and Design, held in January 1973. 

He is a member of the Educational Affair« Coaeltte« of the American 

Institute of Aeronautica and Astronautics.  Ha has bean choaan an 

Outstanding Educator of America for 1973, an award of nation recogni- 

tion based on exceptional service, achievements and leadership in the 

field of education, and la features in the national awards volume of 

Outstanding Educators of America. 

Participation at meetings relevant to the programi 

Martin H. Bloom attended the Second Conference on Applications of 

Chemistry to Nuclear Weapons Effecta, sponsored by the Defense Nuclear 

Agency at the IDA, • jshington, D.C., September 12-14, 1972. 

Samuel Lederman, ".obart J. Cresci, Martin H. Bloom and Enrico Levi 

attended the ARPA''STO Institutional Research Review Briefing, held at 

ARPA, September 2fl, 1972. 

Enrico Lcvi attended the Industry Application Society Meeting, held 

in Philadelphia, Pa., October 10, 1972. 

J.T. LaTourrette and W.T. Walter were invited to participate in a 

colloquium on Now Laser Concepts which was held at Key Largo,Florida, 

November 8-10, 1972. 

P.M. Sforza was an invited discusser at the Fluids Engineering Session 

of the 93rd ASME Winter Annual Meeting, held in New York City, November 

29, 1972. 
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S. Le^rman g«v« i->r«««nt«\.ion« on "Raman Scattarlng Dlagnoatlci In 

the Preaance of Mj0}"  'nd MD«v,,loPm*nt of a L«boratory Program for 

Laaar Raman Scattering of Plamaa and Rocket Exhauat«-, at the Review 

and Planning of ARPA Program on Rocket-Plume Diagnoatica held at IDA, 

December 14. 1972. 

B.  Lecture* 

S. Lederman gave a aeminar on "The Application of the Raman Effect 

to Flow Field Diagnoatica" at the Naval Ordnance Laboratory, Silver 

Spring, Md.,  December 13, 1972. 

W. T. Walter gave a aeminar on "copper Vapor Laaera" at the Naval 

Electronic! Laboratory Center, San Diego, California, January 30, 1973. 

Lectures at P.I.B.t 

Septeriber  1972 

Professor  Q.L.  Mellor 
Princeton Univeraity 

October  1972 

Dr. R.E. Wilaon 
Naval Ordnance Laboratories 

November 1972 

Professor R.J. Creaci 
Polytechnic Inatitute of 
Brooklyn 

December 1972 

Professor J.A. Owczarek 
Lehigh University 

February 1971 

Professor F.M. White 
University of Rhode Island 

Turbulence Equations of General 
Ocean Circulation 

Problems Associated With Gas 
Dynamic Lasers 

Fire Safety in High Rise Buildings 

Secondary Flows in Planar Nozsles 

A Review of Simple Procedures for 
Calculating Turbulent Boundary 
Layers 
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v. PIMCnriL AiiOCIATBD WITH T» ÄII1AÄCM PROGRAM 

Martin R. Bloom 

Robert J. Crasci 

Herman r»rb«r 

Rudolf 0.1. Huttar 

Edwin J. Kawacki 

jaM* T. UTour^atta 

Samual Ladarman 

Enrico Lavl 

Paaquala N. Sforsa 

William T. waltar 

Principal Invaatigator 
Diractor of Oaa Dynamica Raaaarch 
Daan of Bnginaaring 

Profasaor 

Aaaociata Profaaaor 

Profaaaor 

Raaaarch Aaaiatant 

Profaaaor 

Pr^laaaor 

Profaaaor 

Aaaociata Profaaaor 

Raaaarch Sciantiat 
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II.  RESEARCH PROJECTS 

A.  Flow Diagnostic Development 

Inventigotor;  Profsssor S. Ledorman 

Deft-'it^: signi .ficance: 

The importance of this diagnostic technique can be best 

appreciated by the mere fact that it is pos'jjblc to determine 

instantareously and simultaneously tho composition and temperature 

of a corrplex flow field remotely.  This permits a better under- 

standing of the phenomena occurring in fie exhaust» of rockets 

an'J in internal combustors.  It al^o permits the remote determ- 

ination of the composition of plumes and exponions. A very signif- 

icant property of this diagnostic system is the ability to dis- 

tinguish between the ionized and neutral state of the same specie, 

which may aid in the remote determination of a givt-n field. 

it 
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B. Electron Beam DiaqnoBtic« of Turbulent Plo»maa 

Invcatiqators;  Professora R.G.E. Huttor and H. Färber 

Defense Significance; 

Many forms of plasmaa have military Bignificnnce. The 

project axms to supply a diagnostic tool for plasmaa» both in 

the field (e.g., high altitude effects), in device« (e.g., plaama 

stimulated lasers), and in the laboratory. 

C. Entrainment, Vortex Structures and Turbulence 

Inventigatpr;  Professor P. M. Sforza 

Defense Significance; 

The problems diacussed briefly above have direct bearing 

on the Ivy-Owl and UW programs. 

D. 7.«*u«r Brij^tnesai Experiment 
-2        -1 Ultimately it is the brightness (watts-cw -steradian  ) 

that will determine the usefulness of high power lasers such as gas 

dynamic and chemical for ballistic missile and other defense needs. 

By using a visible, high-gain copper vapor laser as a model for the 

infrared gas dynamic and chemical lasers, we hope to uncouple and 

separately investigate the (»fleets of h.igh-gnin and turbulence on 

output brightness in the more tractable visible spectral region.  In 

addition, since the copper vapor laser has produced the highest 

11   ? brightness of any gas laser (3x10 W/cm -ster), further development 

and invtstigntion of its potentiality is clearly indicated. 

The maximum frdnsmisslon of light through water occurs in 

the green portion of the vitiible spectrum. At present there is a 
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deficiency of efficient,   high-power  light  source« in the green. 

The output  of the pulsed  copper  vapor  laser  is at  510.6nn\ which 

is near  the maxiroum of the water transmission band.    The develop- 

ment of this  laser and other possibilities in chromium at 494 or 

497nm or   in bismuth at 472.2nm  for use with gated viewing  systems 

could  significartly  increase the present limited optical  ranges 

under water. 

E,     Multiphase Flow Diagnostics 

Ipvestigators;     Professor  R.J.   Cresci and Mr.  E.J.   Kawecki 

ppfonse Significance; 

This  study  is  sigr.ificant  in the diagnosis of   flows both 

in  and  around  rocket nozzles   (in the plumes produced by  the  expan- 

sion)   and   in multiphase   flows   in  general.     Further  information on 

formation of water droplets  or   ice  crystals  can  also be  obtained. 
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