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FOREWORD 

This report summarizes information gathered on a survey conducted 

by the Lockheed-Huntsville Research & Engineering Center under Tasks I 

and II,  Contract DAAH01 -80-C-1289,  for the U.S.  Army Missile Command, 

Redstone Arsenal,  Alabama.     This work was monitored by T. A.   Barr,  Jr. 

The period of performance covered by this report was from 1 July 1980 to 

30 November 1980. 

The author acknowledges many valuable conversations,  assistance and 

encouragement provided by T. A.   Barr,   Jr.,  and J.   Thoenes,  as well as 

many others throughout this work.     The author is also grateful to T. G. 

Roberts for his efforts in making publication of this report possible. 
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1.    INTRODUCTION 

Computer modeling has contributed greatly toward development of 

advanced technologies such as lasers and is expected to play an even more 

important role in the future.    This is true as the computer models become 

more realistic, computation costs decrease, and as the number of design 

parameters increases, making optimization by laboratory search almost 

impossible. 

Through the years, many computer codes have been developed for the 

analysis of laser systems and their components.     Most of these codes are 

in the public domain, and individuals who wish to obtain copies of these codes 

can usually do so.     However, due to the large number of codes available, 

selection of a proper code to fit the individual's need may be a difficult task. 

Each computer code has been developed with Its own purpose and its 

inherent limitations.    Depending on the phenomena included, and the details 

of treatment of these phenomena, applicability of different codes vary.    There 

are simple codes for laboratory data analysis.     There are detailed engineer- 

ing design codes.    There are also systems codes which provide an end-to-end 

analysis.     An understanding of the capabilities and limitations  inherent in each 

computer code is thus important to the prospective user. 

Besides the analytical treatment of the various phenomena involved in 

the code, the prospective user will require certain general information on 

how to use the code.    The computer language used, the core memory require- 

ment and the computer run time all influence the suitability of using a specific 

code. 

To alleviate this difficulty,  laser computer codes were surveyed.    As 
part of the Army High Energy Laser 6.1 effort,  a survey of laser propaga- 

tion codes was performed in 1979 by J. P. Reilly of W. J. Schäfer Associates, 

Inc.    This survey was published by D.W. Howgate,  CM. Bow den,  and T. G. 

Roberts (editors),  in "New Laser Concepts Evaluation —Review," MIRADCOM 

,* 
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Technical   Report DRCPM-HEL-79-4,   Redstone Arsenal,  Alabama,  in Febru- 

ary 1°79.    Unfortunately, the distribution of this report was limited to Govern- 

ment agencies only.    An excellent survey of Continuous Wave Chemical Laser 

codes was performed by C.   Wiggins,   D.   Mansell,   P.   Ulrich,   and J.   Walsh, 

and was published as "Chemical Laser Code Survey," BDM/TAC-79-769- TR-R1, 

BDM Corporation,  Albuquerque,  New Mexico,  July 1980.    More recently,  two 

additional surveys were performed for electric laser codes and for pulsed 

chemical laser codes.    The survey of electric laser codes reported herein, 

and the pulsed chemical laser code survey performed by Melvin Epstein and 

Robert R.   Giedt of the Aerospace Corporation,  were part of the Army High 

Energy Laser 6. 1 effort. 

In this study, we surveyed the industry for available codes which can 

contribute to the analysis of electric laser devices.    The laser systems 

treated include CO,  C02 and excimers,  operating in either the CW or pulsed 

modes.    The initiation may be a elf-sustained,  E-beam initiated or UV-initiated. 

The flow system may either be open system,  closed system or closed cycle. 

Technical areas surveyed thus include kinetics,  optics,  and gas dynamics. 

Section 2 presents a general description of a high power electric laser 

system and its key components.    The technical areas covered in this survey 

are then delineated.    Section 3 presents a summary of the survey and its 

results.    A general classification of the codes surveyed is also attempted. 

Section 4 presents the detailed return of all surveyed codes.    Section 5 con- 

taines the references. 

Participation in these surveys was voluntary,  and therefore some existing 

codes may not be included.    Also,  as was pointed out by A.   Garscadden in a 

private communication,   references to the data banks and overview publications 

are not included.    The reader may find many interesting references in the 

Selected Bibliography,  Page 113. 

This survey complements other previous code surveys covering areas 

of laser beam propagation (Ref. 1),  chemical laser devices (Ref. 2),  and 

pulsed chemical lasers (Ref. 3). 

* 
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2.    PREPARING THE SURVEY 

2.1 COMPONENTS OF AN ELECTRIC LASER SYSTEM 

A high power electric laser system can be delineated into different 

components as shown schematically in Fig. 1.    The portion included in this 

survey is enclosed in the box entitled "Laser Device."   It contains such 

components as gas supply and preparation subsystem, injector and mixing 

subsystem, cavity resonator, exhaust treatment and recirculation system, 

acoustic attenuation subsystem and electric power supply subsystem.     Com- 

puter codes which can be used to provide analysis for processes and phe- 

nomena occurring   in one or all of the above mentioned components are 

subjects of this survey. 

2.2 AREAS OF COVERAGE 

A set of questionnaires was prepared to cover the technical areas of 

interest as well as information related to computer   usage.    A format similar 

to that used in Ref. 2 was adapted for use in this survey.    Survey questions 

were grouped under the four headings of General Information; Optics; Kinetics; 

and Gasdynamics.    Many of the questions used in the BDM survey are retained 

in this study. 

Under the heading of GENERAL INFORMATION, questions are asked 

that relate to the purpose, unique capability, and limitations of the code. 

Questions are asked that relate to the availability of the code and its sup- 

porting documentation, as well as its computer compatibility.    A key contact 

at the code residing organization is defined who may or may not be the 

originator of the code.    No special effort was expended to identify the origi- 

nators on all the codes surveyed, although in many cases it was necessary to 

communicate with the originators in order to obtain technical detail«, about 

the code. 

• .•>.•,• 
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Following the GENERAL INFORMATION section are questions grouped 

according to the technical areas covered by the code.    Thus, a code return 

may contain any or all of the questions under Optics, Kinetics and Gasdynamics. 

The questions under the heading of OPTICS deal primarily with the 

treatment of wave propagation within the laser resonator.    Questions used 

in Ref. 2 were retained if they applied to the   electric  laser configurations. 

The questions under the heading of KINETICS deal primarily with the 

treatment of plasma dynamics, lasing kinetics, and power extraction processe: 

Boltzmann codes used for electron energy distribution calculation and energy 

deposition codes for E-Beam systems are also included. 

Questions under the heating of GASDYNAMICS deal primarily with the 

treatment of gas flow through the system and its interaction with the various 

components.    The treatment of viscous mixing in the cavity, the acoustic 

propagation and its attenuation for a pulsed system, and pressure drops 

through the recirculation system are all included in this category. 

—.  
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3.    A SUMMARY OF ELECTRIC LASER CODE SURVEY 

3.1     INFORMATION GATHERING 

A list of survey recipients was compiled from information obtained 

from several sources including the Army Missile Command, Naval Research 

Laboratory, Air Force Weapons Laboratory, and Air Force Wright Aero- 

nautical Laboratories.     This  initial list of recipients   was   supplemented   with 

additional names and  organizations as the survey progressed, making a total 

of 55 organizations identified as survey recipients.     These organizations 

include government laboratories, academic institutions, and private in- 

dustries throughout the country.    After having identified one or two indi- 

viduals at each organization as the contact point for the survey, questionnaires 

were  sent to all the identified organizations. 

Phone conversations and personal visits to some survey recipients 

followed the initial mailing in order to speed up the survey return, to discuss 

fine points on the surve/, and to clarify questions on the returned question- 

naires.    In spite of all these followup activities,  returns of the survey were 

slow.    After much effort, 42 returned questionnaires were obtained.     These 

returns, after being reviewed and retyped, are presented in Section 4.     A 

summary of the survey results is given in the following subsection,  in which 

an attempt is made to classify these codes. 

  «... 



"•'" 

3.2     A CLASSIFICATION OF SURVEYED CODES 

Forty-two of the electric laser related codes that were surveyed are 

generally classified as follows: 

Classification of Codes 

LASER KINETICS 

General excimer laser code 

Specific excimer laser code 

CO, laser code coupled to physical 
optics 

CO-, laser code 

General vibrational-rotational 
laser code 

CO laser code 

PLASMA KINETICS CODE 

ELECTRON KINETICS CODE 

PULSE FORMING NETWORK CODE 

LASER GASDYNAMICS 

Cavity gasdynamics 

Closed cycle gasdynamics 

No. of Codes 

GENERAL OPTICS 

4 

3 

21 

Total 

6 

6 

1 

7 

1 

42 

A brief summary of all the codes surveyed is given in Table  1.    De- 

tailed returns of all codes are given alphabetically in Section 4.     In the 

succeeding paragraphs, summaries for  the different classes of codes are 

given. 

7 
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The laser kinetics codes calculate the upper and lower state popula- 

tions for the given lasing transition under the operating condition.    The    ode 

may either be programmed to accept only a specific lasing transition or it 

may be more general in order to accept different reaction mechanisms from 

input data.    Depending on its complexities, the code may contain mechanisms 

for the calculation of plasma kinetics, energy deposition, power extraction 

and gasdynamics.    Most codes treat at least the Fabry-Perot resonator, a 

few (TDF1-EDL and UNSEDL2) have coupled physical optics which can treat 

other types of resonators as well.    The laser kinetics codes are summarized 

in Table 2, where the applicable gas systems, the type of operat'on, and initia- 

tion method included in each code are listed.    Also listed are comments re- 

lated to specific features of the code. 

The plasma kinetics codes deal with energy deposition into the cavity 

gas for either an E-beam discharge (E-BEAM TRANSPORT, EBAM2, and 

EBM2D) or discharge only (DENSITY, HGX80 and KINBOLTZ).    Some may 

also be coupled to the pulse forming electric circuits (e.g., EBEAM2). 

The electron kinetics codes are used to calculate the electron energy 

distribution function by solving the Boltzmann equation.    Transport properties 

are then obtained from the distribution function.     These codes are usually 

linked to the plasma kinetics codes or the lasing kinetics codes, thus forming 

a coupled code.    Because of the different types of collision processes treated, 

the usage of these codes is thus considered case dependent. 

The pulse forming network (PFN) codes provide electric current for 

the discharge pulse.    Since the gas properties in the laser cavity affect the 

outside current, the analysis of PFN is usually coupled with the  plasma 

kinetics codes for energy deposition calculation. 

The gasdynamics codes are classified as either a cavity gasdynamics 

code or a closed cycle system gasdynamics. The cavity gasdynamics code 

treats the cavity gas medium homogeneity as the result of flow mixing in the 

J  _-— MM MMi — . 



  

cavity, the acoustic wave generation due to the pulsed operation or non- 

uniform energy deposition.    The system gasdynamics codes deal specific- 

ally with thermodynamics of closed gas systems.    It provides transient 

analysis as well as steady state solution for  the flow loop.    The gas- 

dynamics codes are summarized in Table 3 where the flow equations used 

and the special features treated are listed. 

Of all the codes surveyed, only two have physical optics coupled with 

the lasing kinetics.     This might be the result that many an analysis  has been 

done with separate kinetics and optics codes.    Extensive survey of optics 

codes as applied to resonator analysis and design has been conducted by 

BDM (Ref. 2) for   chemical lasers.     No duplication is intended in this study. 

A general optical system optimization code (ILLOPT) is included in this 

report. 

—. • --• — 
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Table 1 

SUMMARY OF ELECTRIC LASER CODE SURVEY 

This table summarizes the 42 codes surveyed.     Listed under each code 

is information pertaining to;   the residing organization; the key contact; the 

principal purpose of the code; available documentation; and comments.    De- 

tailed returns of all codes are given alphabetically in Section 4. 

10 
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Table   1 

SUMMARY OF ELECTRIC LASER CODE SURVEY 

Code 
Name 

Residing Organization 
Key Contact Principal Purpose of Code Code 

Classification Documentation 

BMLASE 

BOLTZ 

CO LÄSE 

DENSITY 

E-Beam 
Transport 

EBEAM 

EBEAM2 

EBM2D 

EDLNOD 

Joint Inst.  for   Lab- 
oratory Astrophysics 

A. V.  Phelps 
(30 3) 492-7850 
Westinghouse  RbD 
Center 

Lyle Taylor 
(412)  327-5833 

AFWAL 
CPT Gary L. Duke 
(513) 255-2923 

U. of Alabama in 
Huntsville 

Gerald R.  Karr 
(205) 895-6330 

Westinghouse R&D 
Center 

Lyle Taylor 
(412) 256-5833 

AFWAL 
CPT Gary L. Duke 
(513) 255-2923 

R&D Associates 

T. K. Tio 
(213) 822-1715 
X 448 
MICOM 
Arthur Werkheiser 
(205) 876-8161 
MICOM 
Arthur Werkheiser 
(205) 876-8161 

MICOM 
Arthur Werkheiser 
(205) 876-8161 

fx>c kneed- Hunts villc 

Jürgen Thoenes 
(205) 837-1800 

CPT Robert F. Walter 
(505) 844-1786 

To predict electron transport 
excitation, and ionization 
coefficients from cross-section 
data 

To model the laser kinetics of 
a pulsed 14 ßm and 16 /im CO, 
laser, and to predict its per- 
formance 

To predict electron transport 
properties, excitation pump- 
ing rates from given E/N and 
cross-section data 

To compute flow properties 
throughout a closed circu- 
lator [or a steady state CW 
laser 

To model the laser kinetics 
of a pulsed, electric dis- 
charge CO laser, and to pre- 
dict its performance 

To determine the time de- 
pendent species concentra- 
tion voltage, and current in 
an XeCf laser plasma 
To model the E-Beam trans- 
port in the 2-D discharge gap 
of an EDL under prescribed 
E -field and B-field 

To compute time history of 
CO^ electru   Laser power out- 
put for F.-B«*am lasers 

To compute time history of 
E-Beam gun and sustainer 
voltage and current from a 
given power  supply 

To compute 2-D distribution 
of electron density, E-field, 
and power deposited in an 
electric  laser cavity for a 
given potential difference and 
current 
To predict cavity perform- 
ance of an E-Beam controlled 
EDL 

To predict small signal gain 
and energy extraction for 

Electron Kinetics 

Laser Kinetics 

T.U.L.RP 

(CO,) 

Electron Kinetics 

System Gas 
Dynamics 

Laser Kinetics 
(CO) 

Plasma Kinetics 
(XeCI) 

Plasma Kinetics 

Laser Kinetics 
(CO,) 

Plasma Kinetics 

Plasma Kinetics 
(CO?) 

Laser Kinetics 
(COj) Coupled 
with Gasdynarmcs 

Laser Kinetic« 

RP 

T, a 

None 

L. U 

In 
Preparation 

Time-Depend. 
Discharge 
Model 

2-D E-Beam 
Model 

Time-Depend 
E-Beam 
Model 

2-D E-Beam 
Model 

T.U 

T = theory,  U • user's manual,   L = listing,  Rp =  related publication,   P - proprietary. 
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Table  1  (Continued) 

Code 
Name 

Residing Organization 
Key Contact 

Principal purpose of Code Code 
Classification 

Documentation Comment 

EED 

ELECT 

FREESL 

3ALERK 

HGXSO 

ILLOPT 

KLNBOLTZ 

KINETIC 

KRF 

A.T. Gavrielides 
(505) 844-4691 

Tetra Corp. 

Henry J. Happ, 111 
(SOS) 256-3595 

Northrop RfeT Center 

William B.  Lacma 
(213)  377-481 I 
X 362 

AFWAL 

CPT Gary  L. Duke 
(513) <!55-2923 

Air Force Institute 
of Technology 

LTC William F. 
Bailey 

(513) 255-2012 

RfcD Associates 

Peter Crowell 
(S05) 844-3013 

Joint Inst, for  Lab. 
Astrophysik 

L. C. Pitchford 
(303) 492-8255 

United Technologies 
Research Center 

William L- Nighan 
(203) 727-7596 

Westinghouse R4.D 
Center 

Johanna Schruben 
(412) 256-3611 

Tetr* Corp. 

Henry J. Happ, III 
(505) 256-3595 

Lawrence Livermore 
Laboratory 

W.  Lowell Morgan 
(415) 422-6289 

Jeanette Bett« 
(213) 536-14S3 

Westinghouse   R K D 
Center 

Martin J. pecheraky 
(412) 256-7353 

To model the kinetics of photon 
production by a glo'v.- discharge 
in an EDL cavity 

To solve the steady state elec- 
tron distribution function using 
the Boltzmann equation 

To provide an analysis of elec- 
tron kinetics for an arbitrary 
gas mixture (possibly including 
excited species) as a function 
of electric field 

To compute electron distribu- 
tion function, mean electron 
energy drift  velocity, and  rate 
coefficient 

To provide time dependent 
solution of master equation 
for vibrational energy ex- 
change for modeling of 
vibrational-rotational laser 
systems 

To compute development of 
free shear layer at interface 
of primary cavity flow and 
secondary injected beam duct 
flow in a confined channel 

To predict electron transport 
and excitation-ionitation coef- 
ficients from c roas - section 
data 

To compute laser discharge 
properties m electrically ex- 
cited rare-gas halide and 
mercury-halide lasers 

Illumination evaluation and 
optimization of optical 
systems 

To compute the time dependent 
population levels in upper and 
lower state« from rate equa- 
tions 

To model the basic laser 
kinetics for E-Beam pumped 
awl discharge lasers 

To model KrF lasers and 
amplifier« 

To compute non-steady gas- 
dynamu.s resulting from dis- 
charge heating and flow loop 
heat exchanger in a closed 
cycle «yatem 

Laser Kinetic a 

Electron Kinetics 

Electron Kinetics 

Electron Kinetics 

Laser Kinetics 
(General) 

Cavity Gas 
Dynamics 

Electron Kinetic« 

Plasma Kinetics 
(Excimers) 

General Optics 

Plasma Kinetics 
(Excimers) 

Laser Kinetic» 
(Excimers) 

Laser Kinetics 
(KrF) 

System Gas 
Dynamics 

T, U, L 

T.U. L 

TrU. L 

RP 

T, L 

L,RP 

ILL 

Discharge 
Model 

Time-Depend. 
Discharge 
Modal 

T - theory,  U * user's manual,   L •  listing,  RP =  related publication,   p = proprietary. 

Now at Ssndia Laboratory. 
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Table  1 (Continued) 

Code 
Name 

LASJM 

MOC 

NRL 
LASER 

POSEIDON 

PSI 
LASER 

REDAC 

Residing Organization 
Key Contact 

SUPER- 
SONIC 

TDFl- 
EDL 

TELSAT 

Northrop RfcT Center 

William B.  Lac ma 
(213)  377-4811 
X 362 

Westinghouse HM) 
Center 

L, E. Kline 
(412) 256-7552 

U. of  AUbama  in 
Huntsville 

C. C   Shin 
(205) 895-63 JO 

Naval Research  Lab. 

I.ums j.  Palumbo 
(202) 767-2255 

Westinghouse R&D 
Center 

Dennis Sühn 
(412) 256-735J 

Poseidon Research 

James H.  Morns 
(213)   341-9172 

Physical Science, inc. 

Paul Lewi» 
(617) 933-8500 

also 
Raymond Taylor 
(617) 546-7798 

Rocketdyne 

E. Wheat ley 
(213) 709-71M 

R M> Asset, latcs 

lirute Maftson 
(505) 24 J-560'. 

Northrop R t. T  Center 

William  B.   Lacina 
«213)  377-4811 
X  »62 

Lo< kheed-Huntsville 

Jürgen  Thoenes 
•2u5, 8 57- )80( 

Weatinghniiae  R&P 
Center 

Lyle Taylor 
(412) 256-5833 

RliD Associates 

Earl White 
(505)844-8446 

Principal Purpose of Code 

General laser kinetics syn- 
thesis and analysis for a broad 
tlass nl transient, electrically 
excited  laser  systems 

Simulation of UV  initiated seU- 
sustained discharge pumped 
XeF Users 

To compute transient flow 
associated with sudden energy 
deposition » haracte nstic of 
pulsed  laser  operations 

Modeling uf a variety of high 
power gas lasers.     Mostly 
rare  i>is  halides 

To prcdul the lastng outputs 
for the 10 ^m P(141 and PMH) 
lines  for  a pulsed  TEA  laser 

To model ) -I' tUy» and aL'jus- 
ncs ID lasier i avity and acous- 
'it attenuation subsystem. (A 
2-D version also exists.) 

A  series of general kinetics 
codes for cavity pain and 
power output  calculations 

]o model   PFN  pc rformanc t 

To mod«] 
acouat K  b 

Analysis  of an <.   t_tt r ic ally 
excited supersonic flow CO 
laser 

To estimate performance 
trends of a CW ED!, with 
uns*able   resonator 

To model the laser kinetus 
of a pulsed  10,6 urn CO^ 
la^er and to predict its per- 
formance 

To study steady state and 
transient thermodynamic and 
fluid dynamic system per- 
formance 

Code 
Classification 

Laser Kinetics 
(Excimers) 

Laser Kinetics 
(XeF) 

Cavity Gas 
Dynamics 

Laser Kinetics 
(Excimers) 

Laser Kinetics 

Cavity Gas 
Dynamics 

Laser Kinetics 
(Excimers) 

PEN 

Cavity Gas 
Dynamics 

Laser  Kinetics 
(CO) 

Laser Kinetics 
(CO,) 

1 aser  Kinet it s 

System Gas 
Dynamics 

Documentation 

T, V. L 

L.RP 

RP 

T. L.RP 

T. RP 

T, L 

T . U. L 

T.U 

T, L.RP 

Coupled 
Optics Kinetics 
and Gas Dy- 
namics 

T  • theory,   U -  user-» manual,   1.   i  listing,   RP =  related publication,   P •  proprietary. 
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Tahle   1   (Concluded) 

Code 
Name 

Residing Organization 
Key Contact 

Principal purpose of Code Code 
Classification 

Documentation Cutmncnt 

UNSEDL2 

UVLZB 

V IB KIN 

XENON 

AFWL 

CPT Ted Satvt 
(505) 844-0256 

Lai Alamos Set. Lab. 

Arthur E. Greene 
<505) 667-7799 

.'••   • . ;.f. Aerospace Co. 

Donald J. Nelson 
(206) 773-1498 

U. of Illinois 

T .  DtTemple 
(£17}   »33-3094 

Time dependent behavior of CW 
CO^ EDL with mode-media 
instability 

To study kinetics of rare ga« 
halide lasers, design more 
efficient  PFNs 

To model the kinetics of an 
electric discharge pumped 
supersonic   CO laser 

.Synthesis oj E-Beam initiated 
Ar-Xe laser 

Laser Kinetics 
(COjJ 

Laser Kinetic* 
(Excimer) 

Laser Kinetics 
(CO> 

Laser Kinetics 
lExcimer) 

T.U, L 

RP 

T.U, L 

RP 

Coupled 
Optics, Kinetics 
and Gas Dy- 
namics 

Coupled to 
PFN 

T =   theory,   V  •   user's manual,   I.       listing,   RP i   reiated publication,   p -   proprietary. 
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Table 2 

SUMMARY OF LASER KINETICS CODES 

This table summarizes the 21 laser kinetics codes surveyed.     Listed 

under each code are information pertaining to;   gas systems treated; type 

of operation; method of initiation treated in each code as well as comments. 

15 
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Table i 

SUMMARY OF LASER KINETICS CODES 

Code Name 
(Org.) 

Gas System 
Treated 

Type Of 
Operation 

Method(s} 
of Initiation Comments 

BMLASE 
(Westinghouse) 

co2 Pulsed Self-Sustained 
UV-Initiated 

COLASE 
(Westtnghouse) 

CO Pulsed Self-Sustained 
L'V-Initiated 

EBEAM 
(MICOM) 

CO^ Pulsed E-Beam 
Self-Sustained 

Discharge Non-Uniiormity 
Treated 

EDLAMP 
(Lockheed) 

co2 Pulsed, I W E -Beam Con- 
i rolled 

Close Cycle Decontamina- 
tion Treated 

EDLNOD 
IAFWLI 

co2 Pulsed E-Beam 

EDLSL 
(AFWL| 

CO. 2 Pulsed St li-Sustained 

ETRANV 
(AFIT) 

COj, CO 

HF/DF 

Pulsed, CW E-Beam 
.Self-Sustained 

KINETIC 
(LLLI 

Exe imers Pulsed E-Beam 
Self-Sustained 
U V-Initiated 

Boltzmann Solver Included 
Extensivt- Graphics 

KRF 
(TRW'l 

KrF Pulsed E-Beam 

LASER 
(Northrop! 

Exc imers Pulsed E-Beam 
Self-Sustained 
u'V-Initiated 

Boltzmann Solver Included 
Widely Distributed Code 

LASIM 
(Westinghouse) 

XeF Pulsed Seli-Sustained 
UV-Initiated 

NRL LASER 
(NRL) 

Ext imers Pulsed, CW E-Beam 
Self-Sustained 
UV-Initiated 

Boltzmann Solver Included 

Reaction Scheme Specified 
Using Symbolic Names for 
Reactants and Products 

OPTEX 
i Westinghouse) 

coz Pulled 10 ^m P(14) and P(18) Lasing 
Output predicted 

PSI  LASER 
<PSl| 

Exc init'n Pulsed. CW E-Beam 
Self-Sustained 

A Series of General Kinetics 

SUPERSONIC 
(Northrop) 

CO Pulsed, ( w I -D Gas Dynamics 

TDFI-EDL 
{Lockheed) 

CO, CW E-Beam 1-D Gas Dynamics, physical 
Optic* 

TEA 
(Westinghouse) 

co2 Pulsed, CW E-Beam 
Seli-Sustained 

16 
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Table 2 (Concluded) 

Code Name 
(Org.) 

Gaa System 
Treated 

Type of 
Operation 

Method(s) 
of Initiation Comments 

UNSEDL2 
(AFWL) 

C°2 Pulsed. CW E-Beam 2-D Gas Dynamics 
Optics 

physical 

UVLZR 
(LASL) 

Excimers Pulsed UV Preionized 
Electron  Impact 
Avalanche 

Coupled to PFN 

V1BKIN 
jBoein«) 

CO Pulsed, CW E-Beam 
Sell-Sustained 

XENON 
(U. of Ik!.) 

Ar-Xr l'uU,..l E-Bearn 
Self-Sustained 

1? 
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Table 3 

SUMMARY OF GAS DYNAMICS CODES 

This table summarizes the seven gas dynamics codes surveyed.   Listed 

under each code is  information pertaining to;   level of complexity; type of 

equations used; coordinate system; flow components treated, and special 

features. 

1 8 
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4.    DETAILED RETURN OF SURVEY QUESTIONNAIRES 

This section presents in alphabetical order returned questionnaires of 

the 42 codes surveyed.     The questionnaire for each code is organized in the 

order of GENERAL INFORMATION, KINETICS, GASDYNAMICS, and OPTICS. 

The information stated herein follows as close as possible to those provided. 

Since no technical information was provided on ELENDiF and REDAC, only 

general information is  reported on these codes. 

20 
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CODE NAME:       BACPR TECHNICAL AREA(S): Electron Kinetics 

DEVICE COMPONENTS TREATED:  

PRINCIPAL PURPOSE(S(/APPLICATION^) OF CODE:  To predict electron transport, 
excitation and ionization coefficients from cross-section data. 

ASSESSMENT OF CAPABILITIES: A thoroughly tested code used hy m,my laboratories. 
Useful for meanelectron energy from about twice thermal UP to values at  
which energy loss to ionization is about 10% of input.  Thoroughly documented. 

ASSESSMENT OF LIMITATIONS- Hot accurate when inelastic cross-sections are comparable 
with elastic cross-section or when energy input to ionization is comparable 
with total input. 

OTHER  UNIQUE FEATURES:  

ORIGINATOR/KEY CONTACT 
Name;       A.   V.   Phelps 
Organization:     Joint  Institute   for  Laboratory Astrophysics 

Address:      U.   of  Colorado,   Boulder,   CC       80309 
Phone:       (303)    492-7850 

AVAILABLE DOCUMENTATION (Please specify, use T =  Theory, U = User's Manual, 
RP -   Related  Publication): 

L =  Listing, and 

T  &   RP  -  L.   S.   Frost  and  A.V.   Phelps,   Phys.   Rev.   127,   1621 (1962) 
J.   Sherman,   J.   Math.   Analysis  and  Applications   1, 342   (1960). 

L,   U     -  P.E.   Luft,  JILA   Information  Center  Report No.   14,   Oct .   30   (1975) 

STATUS: 
Operational Currently'?;            X 
Under Modification'': . 

Purposefs):   Some modifications  have  ueen made   since  Luft's  report. 

Ownership0: _ 
Proprietary7: 

MACHINE/OPERATING SYSTEM (on which installed):       CDC   7600   &   CDC   6400 

TRANS PORTABLE': 
Machine Dependent Restrictions: 

SELF-CONTAINED?: 
Other Codes Required (name, purpose): None 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 
Core Size (Octal Word») 

Small Job: 

Typical Job; 

Large Job: 

Execution Time (»ec, CDC 7600) 

Approximate Number of FORTRAN  Lines: 

COMMENTS-'   

* 
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KINETICS CODE 
CODE NAME: 

BACPR 

1. CODE STRUCTURE 

COORDINATE SYSTEM ^ );       NA 

Cartesian: Expanding:  

KINETICS GRID DIMENSIONALITY (^): 

i-D:        *-D!      Uniform 
3-D:    

GAIN REGION SYMMETRY RESTRICTIONS:   rIA 

Gair. Vary Along Optical Axis:   

7 low Direction:   j 

KINETICS MODELED:    Pulsed:   CW:     V 

NUMERICAL SCHEME USED IN RATE 
CALCULATION (^ I: 

ExpUc it:   

[mpHcit:  
others [specify):    backward prolongation 

0 

REFERENCE OF METHOD USED: 

Sherman  

l.  PLASMA KINETICS MODEL 

N'LMBER OF SPECIES TREATED ispecifv) 

Number of Positive 
Spec les: 

Number of Negative 
Species: 

Number of Neutral 
Spec les: 

REACTION MECHANISM MODELED 1^1: 

Primary Ioni/ation; (Reference) 

E-Beam:   

Se;f-Sustained:     

i'V -Initiated: 

Others ispec ify): 

£     3 

Secondary lonization 

Attachment: 

Detachment: 

*.cr.- Ion Recom- 
bination: 

Karge T ransfer: 

D.t sociation/ 
Recombination: 

Other» (specify): 

(Reference) 

Soiree of Rate Coefficients Used:      Varying 

DISCHARGE POWER INPUT MODELED (^/I: 

Unifc rmi      *_ Non-Uniform:   

E-Fie!d:      ./ 

Other I .specify): __________^________^ 

LASING KINETICS MODEL 

GENERAL (specify): 

Lasing Species:  0_ 

Number of Species:      1   electrons 

Number of Reactions:   

Other Major Species Considered: 

IMPACT EXCITATION MODELED (^ 

Vibrational: 

Electronic: 

Others (specify): 

(Reference) 

V 
rotation 

ENERGY  TRANSFER  MODES MODELED f^l: 

(Refc rencc) 

V-T: NA 
V-R: 

V-V: 

Others (specify):  

Lasing Transition;    P-Hranch; 

R -Branch: 

Single Line Model (^/ )-.   

Multl-I.ine Model I*/):     

Assuined Rotational Population 
Distribution State (*/): 

Equilibrium:   

Nonequilibr ium: 

Number of Laser Lines 
Modeled: 

Source of Rate Coefficients Used in Code: 

LLNE PROFILE MODELS (^ ): 

Doppler Broadening: NA 

Collisional Broadening: 

Others (specify):   

4.  RFC IRC 'LATION CONTAMINANTS 
MODELED [J\i   Nft 

Ov:   OH   :   

NO   : HNO   : 

Others (speclfyl: 

REFERENCE FOR REACTION MECHANISM 
AND RATES:  

OTHER UNIQUE FEATURES: 

22 
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CODE NAME:   BMLASE TECHNICAL AREA(S): Kinetics 
DEVICE COMPONENTS TREATED:   Laser Cavity 
PRINCIPAL PURPOSE(S)/APPLICATIO:«I(S) OF CODE:  To model the laser kinetics of a , 
pulsed 14-ttm or l§^m CO laser and to predict the performance of the laser. 

ASSESSMENT OF CAPABILITIES: Can handle gas mixtures of CCy N?: He: H?0: H? 
at any temperature and pressure, and for any pulse length.  

ASSESSMENT OF LIMITATIONS:   Is one-dimensional, stable resonators, and assumes 
that the rotational and kinetic temperatures are the same. 

OTHER UNIQUE FEATURES:  The lowest eight vibrational levels are treated exactly, 
and the population of the rotational level involved in the lasing is not 
assumed to be in equilibrium with the other rotational level populations. 

ORIGINATOR/KEY CONTACT: 

Name;       Lyle Taylor 
Organization:     Westinghouse Electr :.c Corporation 
Address: 1310 Beulah Rd.,   Pittsburgh,   PA 

Phone: 

15668 

412-327-5833 
AVAILABLE DOCUMENTATION (Please specify, use T = Theory, U = User's Manual, L = Listing, and 

RP = Related Publication):  

T:  W.H. Kaszer, D.W. Feldman, R.B. Feldman, D.R. Suhre, L.H. Taylor, G.L. 
Unqer, and S.A. Wultzke, "Operational Characteristics of 16><m CO^ Laser, 
"Westinghouse Report 80-1C2-OCCOL-R1 (1980) .  

STATUS: 

Operational Currently?:   

Under  Modification'':         NO 

Purpose! s):  

Yes 

Ownership-": Westinghouse 

Proprietary': Yes  

MACHINE/OPERATING SYSTEM (on which installed):       U-1106 

TRANSPORTABLE' Yes 
Machine Dependent Restrictions: none 

SELF-CONTAINED': Yes 

Other Codes Required (name, purpose):^ 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Small Job: 

Typical Job: 

Large Job: 

Approximate Number of FORTRAN Lines: 

COMMENTS: 

Core Size (Octal Words) Execution Time (sec, CDC 7600) 

51400 3600 sec,  U-1106 

2080 

Fabry-Perot Cavity modeled using geometric optics and floating gain. 
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KINETICS CODE 

COD£ NAME:     BML?.SE 

1   CODE STRUCTURE 

C OORDINATE SYSTEM (^ ): 

Cartesian:    y Expanding: 

KINETICS GRID DIMENSIONALITY (^ ,: 

l-D:      </ J-Dl   

3-D:    

GAIN REGION SYMMETRY  RESTRICTIONS: 

Gain Vary Along Optical Axis:      -*Q 

Flow Direction:   No 

KINETICS MODELED:    Pulsed:  CWi 

NUMERICAL SCHEME USED IN RATE 
CALCULATION (J I: 

Explicit:   

Iniplicit:   
Hamming Others Ispecify); 

REFERENCE OF METHOD USED:    R.W.   Hamming, 
Numerical Methods for Engineers and 
Scientists, (1962). 

PLASMA KINETICS MODEL 

NIMBER OF SPECIES TREATED (specify): 

Number of Positive 
Species:   

Number ol Negative 
Species:   

Number of Noutral 
Species;   

REACT;.)N MECHANISM MODELED I ^J I; 
Primary Ionisation; (Reference) 

E -Beam: 

Self-Sustained: 

L'V-Initiated: 
Others (specify): 

V 
iL 

Secondary Ionisation iReferencet 

Attachment; v 

Detachment: 

Ion-Ion Recom- 
bination; 

Chi rgC 1 r.insfer: 

DissiK tation/ 
R«< .inibination; 

Other* (specify) 

/ 

Source of Rate Coefficient» Used: 

DIS( HARCE POWER INPUT MODELED (^/I 

Untlorfni      V Non-Uniform;   

E-Ficld:   

LASING KINETICS MODEL 

GENERAL (specify): 

Lasing Species:       CO^ 

58 
Nuniber of Species: _ 

Number of Reactions: 

Other Major Species Considered: 
N2,   He,   K20,   H2 

IMPACT EXCITATION MODELED (^ ] 

Vibrational: 

Electronic: 

Others (specifyI: 

(Reference) 

v/, 
«/ 

ENERGY  TRANSFER MODES MODELED t^ ): 

(Reference) 

V-Ti      V   I  
S 
S 

V-R 

v-v 
Others ispecifyl:  

Lasing Transition;    P-firanch: 

R -Branch; 

Single Line Model iy I:   

Multi-I.ine Model lv/): •^ 

Assumed  Rotational  Population 
Distribution State («/ l: 

Equilibrium:  

Nonequiltbrlum: ^  

Number of Laser  Lines 
Modeled: * 

Source of Rate Coefficients Used in Code; 

LINK PROFILE MODELS i^): 

Doppler   lir<<adening: w 

Collisional Broadening: y   

others (specify):       Voigt  Profiles  are  used. 

•». REC IR( ULATION CONTAMINANTS 
MODELED,^):        none 

O».   OHx:  

NO   :       UNO   :   

Others (specify):   

REFERENCE FOR REACTION MECHANISM 
AND RATES:  

OTHER UNIQUE FEATURES: 

Others  (Specify); 
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TECHNICAL AREA(S):  Electron Kinetics CODE NAME-.  BOLTZ  

DEVICE COMPONENTS TREATED:   Overall System Characteristics 
PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:  Given a homogenous i-actropic TOS mixture 
with a uniform applied DC field, code calculated the e~ distribution function 
and thus the forward/reverse excitation pumping rates and the fractional power • 
transfer for each process as well as transport proeprties.  These rates can be used 
in a kinetics code to determine the time-varying population distribution. 

ASSESSMENT OF CAPABILITIES:  Given E/N, and a set of cross-sections, BOLTZ calculates 
all the above quantities.  Code has a variable number of bins for integrating, 
can include variable number of gases, super-elastic and electron-electron collisions. 

ASSESSMENT OF LIMITATIONS:  Number of energy bins & inelastic processes aj a limited 
by computer storage.  Physical model is valid for fractional ionization up to 
10 and fractional power into ionization and dissociation<10%.  Convergence 
is difficult for superelastic-dominated cases. 

OTHER UNIQUE FEATURES: 

ORIGINATOR/KEY CONTACT: 
Name:       CPT Gary L.   Duke 
Organisation:      AFWAL/POOC-3  
Address-   Wright-Patterson AFB,   Dayton,  OH 
Phone; 

45433 

(513)   255-2923 
AVAILABLE DOCUMENTATION (Please specify, use T = Theory. U = User's Manual, L = Listing, and 

RP .-. Related Publication):    Code   is  well   documented  with  comment  cards   (II) ; 
TETRA-TR-78-001."BOLTZ  a  code   to  solve   the  BOLTZMANN  Electron Transport 
Eg     "     Henry J.   Happ,   III.   Rettig Bennedict,  Jr..William P.  Bailey,   1978. 

STATUS: 

Operational Currently'': 
Under Modification'':  

Purpose's):  

yes 

Ownership'':      AFWAL/POOC 
Proprietary'': no  

MACHINE/OPERATING SYSTEM (on which installed): CYBER   175   and   CYBER   74 

TRANSPORTABLEM       Probably     _ 
Machine Dependent Restrictions: Programmed   in   Fortran   IV 

SELF-CONTAINED': yes 
Other Code» Required (name, purpose): none 

ESTIMATE OF RESOURCES REQUIRED FOR  RUNS: 
Core Site (Octal Words) 

Small Job: 
Typical Job: 
Large Job: 

50K 
100K 
1S0K 

Execution Time (sec, CDC 7600) 
10 sec (10 diff E/N's input) 
20 sec (10 diff E/N's input) 
9 sec  (3 diff E/N's input) 

Töö" Approximate Number of FORTRAN  Lines:  

COMMENTS:     HQTE i—BQLTZ   is  an   P1 perron  kinetics   code,   not  a  gas  HinR.t' 
As yet it  is not linked  to any other kinetic or chemistry type code. 
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KINETICS CODE 

1 
CODE NAME:      BOLTZ 

1. CODE STRUCTURE 

COORDINATE SYSTEM '^ I: 

Cartesian:     y       Expanding: 

KINETICS GRID DIMENSIONALITY (^): 

1-D:      y/ 2-D:  

3-D:   

CAIN REGION SYMMETRY RESTRICTIONS: 

Gain Vary Along Optical Axis:   

Flow Direction:   

KINETICS MODELED:    Pulsed:      y/      CW:    >• 

NUMERICAL SCHEME USED IN RATE 
CALCULATION |J ): 

Explicit.-   

Implicit;   

Others (specifyl:  

REFERENCE OF METHOD USED:        Simpson 
Integration 

2.  PLASMA  KINETICS MODEL 

N.MBER OF SPECIES TREATED (specify): 

Number of Positive 
Species:   

Number of Negative 
Species: 

Number of Neutral 
Spec ies: 

REACTION MECHANISM MODELED (V)i 

Primary lonization; (Reference) 

E-Beam: 

Self-Sustained: 

U V -Initiated: 

Others (specify); 

electrons only 

any number 

JL 

Secondary Ionization 

Attachment: 

Detachment: 

Ion- Ion Recom- 
bination: 

Charge T ransfer: 

Dissoc lation/ 
Rec ombination; 

Others (specify): 

(Reference) 

Source of Rate Coefficients Used: 

DISCHARGE POWER INPUT MODELED (>/I 

Uniform:      V Non-Uniform:          

E-Field: y/E/N   input 

Others (specify):   

3. LASING KINETICS MODEL 

GENERAL (specify): 

Lasing Species:  ^^ 

Number of Species: 

Number of Reactions; 

Other Major Species Considered:     Rotational , 

attachment, dissociation, ionization 
(all empact) 

IMPACT EXCITATION MODELED [>J ): 

(Reference) 

Vibrational: 

Electronic: 

Others (specify): 

ENERGY TRANSFER  MODES MODELED I«/ )• 

(Reference) 

V-T: 

V-R 

v-v 

Others (specify); 

Lasing Transition;    P-Branch: 

R-Branch: 

Single Line Model (v ):   

Multi-Line Model («/);  

Assumed Rotational Population 
Distribution State («/ ): 

Equilibrium:          

N o tie q u i lib r i un i: 

Number of Laser Lines 
Modeled: 

Source of Rate Coefficients Used in Code; 

LINE PROFILE MODELS (^ I: 

Poppler Broadening;   

Collisionai Broadening; 

Others (specify):   

•). RECIRC'LATION CONTAMINANTS 
MODELED 1^):      none 

O   • OH   : 

NO HNO 

Others  (specify): 

REFERENCE FOR REACTION MECHANISM 
AND RATES:      

OTHER UNIQUE FEATURES: 
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CODE NAME:. CCUBE TECHNICAL AREA(S): Gas Dynamics 
DEVICE COMPONENTS TREATED:       Cavity,   Diffuser,   Heat Exchangers,   Compressior 
PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:       Computes the flow properties throughout 

a closed circulator  for a steady state cw laser.  

ASSESSMENT OF CAPABILITIES:   Temperature dependent gas properties are modeled. 

ASSESSMENT OF LIMITATIONS: 

OTHER UNIQUE FEATURES: Can be used to investigate various design configurations. 

ORIGINATOR/KEY CONTACT; 

Name:     G.   R.   Karr and C.  C.   Shih 

Organization:     Mech.   Eng.   Dept.,   Univ.   of  Ala.   in Huntsville 

Address:      Huntsville.   AL       35809  

Phone:       (205)   895-6330,    (205)   395-6075,   or   (205)   895-6145  

AVAILABLE DOCUMENTATION (Please specify, use T > Theory, U = User's Manual,  L = Listing, and 
RP = Related Publication):    Analysis of  Laser  Gas  Circulation  Systems,   UAH  Report  164, 

1975 Shih, Karr, Cleland and Laube.  
Shih & Karr, Investigation of Transient Flow and Heating Problems Characteristic 
of High Energy Laser Circulation Systems,   UAH, Report No. 199, 1977. 

STATUS: 

Operational Currently1: _       yes 

Under Modification'': yes 

Purposeis):  Continuous changing code used to investigate designs of current 
interest. 

Ownership^; 

Proprietary1: 

UAH 

MACHINE/OPERATING SYSTEM (on which installed): UNIVAC 1108 

TRANSPORTABLE1 yes 

Machine Dependent Restrictions: none 

SELF-CONTAINED1: 

Other Codes Required (name, purpose): 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Core Size (Octal Words)     I      Execution Time (sec, CDC 7600) 

Small Job;   

Typical Job:        

Large Job; .^^^______^____ 
S rder of  100 sec. 

Approximate Number of FORTRAN  Lines: 

COMMENTS:   

1  box  cards 
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GAS DYNAMICS CODE 

CODE NAME: CCUBE 

1. CODE STRUCTURE 
COORDINATE SYSTEM (yj ): 

Cartesian-      v Expanding: 

FLUID GRID DIMENSIONALITY (^ }i 

1-D: V 

^-D:   

3-D:   

Time Df^endeiU:   

/ 
FLOW FIELD MODELED (^ ): 

Compressible Flow; 

Incompressible:   

VLSCUÜS   Flow.;  £_ 

No Flow.   

BASIC MODELING APPROACH (^): 

Algebraic:       V Integral Method; 

Finite Diiierence:   

Others (specify): 

REFERENCE FOR APPROACH USED: 

2. GAS DYNAMICS MODEL FEATURES: 

GAS SUPPLY MODELED i^ ): 

Mixtare Preparation;  V 

Mixture Injection: 

Nozzles: 

Flow plates^ 

Others  | spec if y i 

CAVITY INITIAL CONDITION DETERMINED^ 
BY upeciiM:    Calculated  as   steady  State. 

i   EXHAUST RECIRCULATION MODEL 

GENERAL SYSTEM MODELED <^>: 

Open System;     Closed System; 

Closed Cycle:     \/ 

EXHAUST SYSTEM FEATURES (^ ): 

Pressure Recovery:  

Ejec tor S\ stem; 

Compressor   fan; 

Heat Exchangeri 

Gas Make-Up: 

Others ispccuv); 

_*L 
sL. 

DECONTAMINATION METHOD TREATED iyI: 

Scrubber:   

Shower:   

Catalytic  Reactor:   

Other« (specify):  

4. ACOUSTIC ATTENUATION MODEL 

GENERAL FEATURES MODFI.ED (^ I: 

Single  Pulse-  Repetitive   Pulse; 

DIMENSIONALITY  TREATED (^): 

1-D-.        i-D:     1-D: 

T lme -Dependent; 

DISTURBANCE MODELED (^ \: 

Pressure Wave:   Entropy Wave: 

Others  (specify):  

WAVE PROPAGATION TREATMENT l-yj): 

Linea r Wave: 

Nonlinear Wave; 

Others  (specify): 

THEORETICAL BASIS: (Reference) 

NUMERICAL METHODOLOGY:  (Reference) 

ACOUSTIC ATTENUATORS CONSIDERED (^ ): 

Muffler: Heat Exchanger:   

Horn: Porous Wall: 

Others (specifvl: 

5. MODEL EFFECTS ON OPTICAL MODES nil 
TO (yj\: 

Index of Refraction Variation*»: 

Othe r is pei ify): 

OTHER  UNIQUE FEATURES: 
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CODE NAME:        COLASE TECHNICAL AREA(S): Kinetics 
DEVICE COMPONENTS TREATED:  Laser Cavity  
PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: To model the laser kinetics of a 
pulsed, electric discharge CO laser and to predict the performance of the 
laser.  This code is a modification of the code developed for CW lasers by 

William B. Lacina of the Northrop Corporation.  

ASSESSMENT OF CAPABILITIES:  Can handle gas mixtures of CO: N0; Ar: He: Xe: 0 
at any temperature and pressure and excited by an electric discharge. 

a- 

AJSESSMENT OF LIMITATIONS: The model is one-dimensional, can only model stable 
resonators, and assumes the same temperature for rotational and kinetic  
energies.  

OTHER UNIQUE FEATURES:  Includes superelastic collisions and discharge kinetics, 
and has sophisticated output formats.  

ORIGINATOR/KEY CONTACT: 
Name:     Lyle Taylor  
organisation:      Westinghouse Electric Corporation 
Address:      1310 Beulah  Rd.,   Pittsburgh,   PA       15668 
Phone:     412-256-5833 

AVAILABLE DOCUMENTATION (Please specify, use T :  Theory, U = User's Manual,  L =  Listing, and 
RP - Related Publication):   

T:  S.A. Wutzke. D.R. Suhre. L.H. Taylor, L.E. Kline, R.R. Mitchell and M.J. 
Pechersky, "UV Photoionized CO Electric Laser Research", Westinghouse 
Report 77-9C2-COLAS-R2 (1977).  

U:  L.H. Taylor and R.R. Mitchell " User's Manual for an Electric Discharge 
CO Laser Kinetics Code, "Westinghouse Report 77-9C2-COLAS-R1 (1977). 

STATUS: 

Operational Currently' 
Under Modif ^cation"*:  

Por (x> s e / 5 ) j  

Ownership'»: u. s. Government 
Proprietary'': no  

MACHINE/OPERATING SYSTEM (on which installed): U-1106   and   CDC-7600 

TRANSPORTABLE': ^O 

Machine Dependent Restrictions: 

SELF-CONTAINED->: Yes 
Other Codes Required (name, purpose); 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 
Core Size (Octal Words) 

Small Job: 

Typical Job:             340,000 
Large Job:  

Execution Time (sec, CDC 7600) 

60  sec,   CDC-7600 

Approximate Number of FORTRAN  Lines:        6878 

COMMENTS:  

Fabi-v-"?'"*-   MJtltjP mnripl   ngincr   finat-inq gain,   geometric optics. 
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KINETICS CODE 
CODE NAME:     COLASE 

I. CODE STRUCTURE 

COORDINATE SYSTEM (^ ): 

Cartesian:    y       Expanding: 

KINETICS GRID DIMENSIONALITY (^|: 

1-D:      • 2-D:  

3-D:   

CAIN REGION SYMMETRY RESTRICTIONS: 

Gain Vary Along Optical Axis:      no 

Flow Direction:       HO 

KINETICS MODELED:    Pulsed;    V CVV: 

NUMERICAL SCHEME USED IN RATE 
CALCULATION ,^j |: 

Explicit:   

Implicit; 

others (specif)):   Simpson's Rule 

REFERENCE OF METHOD USED: 

1. PLASMA KINETICS MODEL 

: '. MBER OF SPECIES TREATED (specify)i 

Number of Positive 
Species: 6  

Number of Negative                      6 
Species:   

Number of Neutral £, 
Specie?:   

REACTION MECHANISM MODELED {yj ): 

Primary Ionizatu>n: (Reference) 

E-Beam; 

Self-Sustained: 

r V-lmtiated: 

Others ispecifvi: 

V 
V 

Secondary lonization (Reference) 

Attachment: V 

Detachment: 

Ion - [on R ec om - 
hination; 

(.ha r^r  1 r.insfer: 

Dis soi lation/ 
Rci <-mbina!iun: 

Otlu-rs (specify*: 

s 

Source of Rate Coefficient« Used: 

DISCHARGE POWER INPUT MODELED (^ I 

Uniform:      V Nun - Uniform:  

E-FulH:   

3- LASING KINETICS MODEL 

GENERAL (specify): 

Lasing Species:      CO 

Number of Species: 6 

Number of Reactions:      10 

Other Major Species Considered: 

Ng,   Ar,   He,   Xe,   02 

IMPACT EXCITATION MODELED |^| ) 

(Reference) 

V 

~7~ 
Vibrational: 

Electronic: 

Others (specifyl: 

ENERGY TRANSFER MODES MODELED |y ): 

(Reference) 

V-T,      V 

y 
V-R: 

V - V : 

Others   (specify!:  

Lasing Transition;    P-Rranch:     y/ 

R -branch;     V 

Single  Line Model iy ,;  __ 

Multi-Line Model (•»/); \f  

Assumed Rotational Population 
Distribution State (*/ ); 

Equilibrium: y   

Noiicquilihriuni;  

Number of Laser Lines 
Modeled: 40 

Source of Rate Coefficients Used in Code; 

LINE  PROFILE MODELS (^ ): 

Doppler Broadening: 

Collisional Broadening:            \/ 

Others (specify):   

4. RECIRCU LATION CONTAMINANTS 
MOD I.I.ED 1^):      None 

0_i OH   : 

NO HNO   : 

Olliers (Specify): 

REFERENCE FOR REACTION MECHANISM 
AND RATES:  

OTHER UNIQUE FEATURES: 

Others (speclfyi 
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CODE NAME:  DENSITY TECHNICAL AREA(S): Kinetics 
DEVICE COMPONENTS TREATED:  None, other than a simple RLC circuit 
PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:  Determine the time dependent species 
concentrations, voltage, and current in XeCl laser plasma.  Program is centered 

around a subroutine DGEAR from the International Mathematics and Science Library 
(IMSL) for CDC 6600 computers.  DGEAR is a subroutine for solving stiff differential 
equations.         

Currently tracks 7 species, plus voltage and current. ASSESSMENT OF CAPABILITIES:_  
Requires  110K of storage, 32K of which is a plotting routine. It takes/v7 sec. to 
calculate 500 time increments, 
are. 

This really depends upon how stiff the equations 

ASSESSMENT OF LIMITATIONS:  Code is presently awkward to change the number of 
equations.  Code requires data bank of rates.  

OTHER UNIQUE FEATURES- The electron kinetic rates are generally calculated by a 
separate code called BOLTZ which is not yet linked to DENSITY.  These rates are 
interpolated using a SPL1NL' tit. 

ORIGINATOR/KEY CONTACT: 

Name:       CPT Gary L.   Duke     

Organization: AFWAL/POOC-3  
Wright-Patterson AFB, OH  45433 Address: 

Phone:   (513)    255-2923  or   (513)   255-3835 

AVAILABLE DOCUMENTATION IPlease specify, use T = Theory, U = User's Manual, L = Listing, and 
RP . Related Publication): None on  Density      

DGEAR  is  described   in  the   IMSL  description or   in: 
~n     Hindmarch,   A.C.   "GEAP:   Ordinary  Differential  Equation  System  Solver," 
Lawrence Livermore La"b~T Report UClD-JÜUUl,   Rev.   3,  Dec  7-1. 

2.     GEAR,   C.W.   Numerical   Initial  Value  Problems  in  Ordinary  Differential   Eos, 
Prentice-Hall,   Engelwood  Cliffs,   Mew Jersey,   1971.  

STATUS: 

Operational Currently'': 

Under  Modification'': yes  

Purpose(s):  To increase the number of species, update rates, and link to BOLTI 

yes 

code.  Also want to make the code have a variable time step dependent 
upon the voltage change. 

Ownership'; 

Proprietary'' 

U.S.   Government 

MACHINE/OPERATING SYSTEM (on which installed):       CDC   6600   in   FORTRAN 

TRANSPORTABLE-': yes, if IMSL is available. 
Machine Dependent Restrictions:  

SELF-CONTAINED'': 
Other Codes Required (name, purpose): DGEAR   involves   Still   differntial   equations. 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Small Job: 

Typical Job: 

Large Job:  

Approximate Number of FORTRAN Lineij    450   excluding   DGEAR~ 

COMMENTS:   

Core Size (Octal Words) Execution Time (sec, CDC 7600) 

110K 3  sec 
110K 7  sec   (500 time  increments) 
110K 20  sec 
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KINETICS CODE 

CODE NAME: DENSITY 

1. CODE STRUCTURE 

COORDINATE SYSTEM (^ li 

Cartesian:    y/ Expanding: 

KINETICS GRID DIMENSIONALITY (^1: 

1-D:      \/ l-Dt  

3-D:   

'-,AIN REGION SYMMETRY  RESTRICTIONS: 

Gam Vary Along Outn.il Axis:  

F icm Direction:   

KINETICS MODELED:    Pulsed: 

3-   LAS1NG KINETICS MODEL 

GENERAL («pecifyl: 

Lasing Specie»:    XeCl 

Number of Species: 1 

Number ol Reactions:   2 

l/ CW: 

Ni'MERICAL SCHEME 
CALCULATION ,J I: 

Explicit:   

Implicit:   

Othe rs    spu.t 

SED IN RATE 

DGEAR 

Other Major Specie* Considered:   

X*+,   Xe+,   Xe2   ,   Cl",   HC1   (V^/) 

IMPACT EXCITATION MODELED (^ ): 

iHtferentc) 

Vibration*!-, y/ j   j*Cl 

Elei tronit • 

Others {specify,: 
• 1 Xe 

REFERENCE Of   METHOD I SEP:     See  description 
in Available  Documentation 

EN1 RGT)   TRANSFER MODES MODELED («it) 
(Reference) 

v-T: \/ \    Collisional relaxation rate 
const. R: 

V: 

PLASMA KINETICS MODEL 

M MBER OF SPEC IKS TREATED .specify); 

Number of Positive 
Species: *•  

Number of Negativ) 
Species: 2  

Number of Neutral 
S pe c ie s: 3  

REACTION  MECHANISM  MODELED i^i: 

Primary lonization: (Reference! 

E-Rear. 

Others (specify!:  

Lasir'i: Transition;    P-Branch; 

R -Branch) 

Single  Line Model |«)i   

M'-ilti-I ine  Model  i«/|:     

Assumed Rotational Population 
Distribution State («/ l: 

Equilibrium;  

Nonequil ihr lum 

Number of Laser  Lines 
Modeled: 

Self-Sustained:    y/    only Townsend   ioniz i 

IV -Initiate.!: |   

Others  ispecilvi:        

tion Source of Rate Coefficients Used in Code; 

Secondary Ionisation 

Attachment; 

Detachment: 
iL 

i Kcfe rencei 

LINE PROFILE MODELS (^): 

Poppler  Broaden   \g:   

Ion- Ion Recom- 
bination; 

Charge Transler: 

Dissoc lation/ 
Re< umbinatiori: 

Others (specify): 

-Z. 

Collisional Broadening: 

Other«  ispecify):   

*L 
•. RECIRCV LATION CONTAMINANTS 

MODELED (Wi: none 
Ov: OH   : 
NO   : HNO 

Others (specify): 

Source of Rate Coefficients I'sed: 

Current 1i tprafnrp 
DISCHARGE POWER  INPUT MODELED <^/I 

Uniform:     Non -Uniform:   

E-Field:   

others (specify):    LRC  circuit 

REFERENCE FOP  REACTION MECHANISM 
AND RATES: 

OTHER UNIQUE FEATURES: 
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CODE NAME:  B-Beam Transport   TECHNICAL AREA(S):  Kinetics 

DEVICE COMPONENTS TREATED:  Discharge gap including the foil, cathode, and the anode 
PRINCIPAL PURPOSE(S)/APPLICATION(S) OF copE:The code is developed to model the E-beam 
transport in the 2-D discharge gap of an EDL under prescribed E-field anfl B-fleld. 

It computes the E-beam energy deposition distribution.  When it is coupled to the 
PLASMA TRANSPORT CODE, accurate E-field and ionization distributions can be obtained. 

ASSESSMENT OF CAPABILITIES: Although this code was written for the beam-electron 
energies between 5 to 500 keV, the energy ranqe can be extended by adding more 
loss mechanisms and changing the cross sections.  Discharge geometry can also 
be altered. 

ASSESSMENT OF LIMITATIONS: At the present time, discharge cavities with dielectric 
flow plate and E-beam shield cannot be handled; field penetration in tne region 

between the foil and the cathode is ignored. 

OTHER UNIQUE FEATURES: Semi-analytical and semi-empirical formulas will be used to 
speed up the computation.  Provision will be made for estimating the space 
charge arising from thermalization of the backscattered E-bean.. 

ORIGINATOR/KEY CONTACT: 
Name:  T.K. Tip  
Organization; _ 

Address: P.O 

Phone 

R&D Associated 
Box 9695, Marina del Rey, CA  90291 

(213)  822-1715 ext. 448 

AVAILABLE DOCUMENTATION (Please specify, use T      Theory, U  r  User's Manual,   L •  Listing, and 
RP = Related Publication): Permission from AFWL is required to obtain the following 
documents.  

1. EDL Discharge Modeling Status Report (T)  
2. LASL Monte-Carlo Electron Transport Codes, Pts. I & II (Flow Charts) 
3~!  Using the LASL Monte-Carlo Electron Transport Codes (U,L) 

not readv 
STATUS: 

Operational Currently'': 

Under Modification ">.•      ye S  
Purpose!»)- To speed up the code by incorporating seni-analytic and 
semi-empirical formula's"; to sample the space charges arising trom 

the backscattered E-beam. 
Owne rship': 

Proprietary': 

RDA 
Permission from AFV._ is required, 

MACHINE/OPERATING SYSTEM (on which installed):    rRAY-1 

TRANS PORTABLE': ves 
Machine Dependent Restrictions:       Core    size,    FORTRAN   Language 

SELF-CONTAINED': 

Other Codes Required (name, purpose): 
for the E-field. 

Poisson equation solver is required to iterate 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Core Siie (Octal Word») 

Small Job: 

Typical Job; 

Large Job: 

200,000 
200,000 
200,000 

Execution Time (sec, CDC 7600) 
250 (for 1,000 particles) 

1,250 (for 5,000 particles) 
2,500 (for 10,000 particles) 

Approximate Number of FORTRAN Lines: 

COMMENTS:  

12,000 

33 

- __ ] 



KINE7ICSC0DE 

1. CODE STRUCTURE 

COORDINATE SYSTEM i^ ): 

Cartesian;   V      Expanding: 

KINETICS GRir DIMENSIONALITY {yj I: 

1-D:   i-D:     V 

3-D:   

GAIN REGION SYMMETRY RESTRICTIONS: 

Gain \ar. Along Optical Axia:  

E low Direction:   

KINETICS MOTLLED:    Pulttd-.  CW: _ 

NUMERICAL Scl-.EME USED IN RATE 
CALCULATION   ^ I: 

Explicit;   

Implicit:   

Others (specify):      

REFERENCE METHOD USED: 

PLASMA KINETICS MODEL 

NUMBER OF S?ECIES TREATED .specify): 

N amber c: pDsiiive 
Species:   

Number ;: Negative 
Species:   

Number 01 Neutral 
Species:   

REACTION  MECr ANISM MODELED 1^1 

Pnn.arv [cruzatton; 

E-Bean.: 

Self-S-sta.ned: 

UV-initiated: 

Others  . spe. .:vi: 

V 
H cfercnet} 

Set onda r\   ; —.;zation 

Atta- rr..v   T: 

Dttachment; 

Ion- Ion ? e^ om- 
binatior. 

Charge T ransier: 

Ditto« ia:.   :•. ' 
Retorr ".".ation: 

Oth*rI     t r-ectfy): 

iHt-fe rence) 

V 

Soured        v ate C oefhc tents I'sed:   

AERL's experimental values 
DISCriARHr:   P^     £R  iNPi'T MODELED \y$ ); 

t.'mforrv:     Non-Cr.iform:     y 

E-Fieid:      V 

Others i«pc..:v): 
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CODE NAME: E-Beam Transport 

3.  LASING KINETICS MODEL 

GENERAL (specify): 

Lasing Species:   

Number of Species: 

Number of Reactions: 

Other Major Species Considered: 

IMPACT EXCITATION MODELED (^ I: 

(Referencel 

Vlbrati.inal; 

Electronic: 

Others  (specify): 

ENERGY TRANSFER  MODES MODELED l^ 

i Reference l 

V - T : 

V-R:   

V - \ : I  

Others (specify):  

Lasing Transition;    P-Rranch: 

R -Bran« h: 

Smgk  Line Model iy ):   

Multi-Line Model («/|:     

Assumed Rotational Population 
Distribution State («/ l: 

Equilibrium:   

N mequilibrium:  

N-imber of Laser Lines 
Mode led: 

Source of Rate Coefficients Used in Code; 

LINE PROFILE MODELS (<J )j 

Doppler Broadening:   

Collisional Broadening: 

Others .specify):   

4. RFC1RC 1   LATION CONTAMINANTS 
MODELED ij li 

O.i OH   : 

NO HNO 

Otl rrs .specify) 

REFERENCE FOR  REACTION MECHANISM 
AND RATES:  

OTHER UNIQUE FEATURES: 
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CODE NAME: EBEAM TECHNICAL AREA(S): Kinetics 

DEVICE COMPONENTS TREATED:  Laser Cavity, Lasinq Gas, Electrical Power  
PRINCIPAL PL'RPOSE(S)/APPLICATION(S) OF CODE:  Compute time history of electric laser 

output power output for EBEAM or axial lasers.  Input requires electric power 
input, laser cavity specifications, and gas species and densities. 

ASSESSMENT OF CAPABILITIES:  The code is compact and fast.  Output values compare 
favorably with experimental values. 

ASSESSMENT OF LIMITATIONS: Kinetics are approximated to speed the computations. 
Therefore, gas species limited to C0?, He, N2, and water vapor.  

JTHER UNIQUE FEATURES:  Gain spike, values are computed. 

ORIGINATOR/KEY CONTACT: 
Name:       Arthur Werkheiser 
Organization:        U.   S.   Army  Missile  Command 

Address:      DRSMI-RHA  Directed  Energy  Directorate,   Redstone  Arsenal,   AL   35898 
Phone: (205)   876-8161 

AVAILABLE DOCUMENTATION (Please specify, use T -  Theory, U  = User's Manual,  L = Listing, and 
RP _ Related Publication); Formal   documentation  being  assembled.     Informally, 

there   :.s  available   listing  and  user's manual. 

STATUS: 

Operational Currently': yes 

Under Modification'':  

Pu r po s e i s I: Attempting a two-dimensional representation of the output. 

Qv,ne rsrup->:       U.    S.    Army 

Proprietary" No 

MACHINE/OPERATING SYSTEM ion which installed): CDC   6600 

TRANSPORTABLE'': yes 
Machine Dependent Restrictions: 

SELF-CONTAINED': 
Other Codes Required (name, purpose): 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Small Job; 

Typic al Job: 

Large Job: 
Approximate Number of FORTRAN Line»;        500 

COMMENTS:  

Core Size (Octal Words) Execution Time (sec, CDC 7600) 

3 OK 10  sec 
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KINETICS CODE 
CODE NAME: EBEAM 

1 
I. CODE STRUCTURE 

COORDINATE SYSTEM cyj ): 

Cartesian-,    y Expanding: 

KIXETICS GRID DIMENSIONALITY I^): 

;-D:     y/ 2-Di  

3-D: 

GAIN REGION SYMMETRY RESTRICTIONS: 

Gain Vary Along Optical Axis:   

Flow Direction; _____ 

r-'.NETICS MODELED:    Pulsed: ___CW: 

NUMERICAL SCHEME USED IN RATE 
CALCULATION ij I: 

F.xpllClt; 

!r: pllclt;       y 

Others (specify):  

PF-TERENCE OF METHOD USED: 

Z.   PLASMA KINETICS MODEL 

Xi. .V.BER OF SPECIES TREATED (specify): 

Number of Positive 
Species:   

Number of Negative 
Species:   

Number of Neutral 
Species:   

REACTION MECHANISM MODELED (^): 
Primary Ionisation; (Reference) 

E-Beam: V 

Self-Sustained: 

U V -Initiated; 

Others i specify): 

y 

Secondary lomzation (Reference) 

Attachment:                  V/ 

Detachment:   

Ion- Ion R re nin- 
hmatton: 

Cba run T ra nsfe r: 

pis soc latioii/ 
R •< onibinatum; 

Other a (specify*: 

•-1 
v/ 

Source of Rate Coeffit tents Used: 

DISCHARGE POWER INPUT MODELED [yj \: 

Uniform:     Non-Uniform;   

E-Ficld:  

Ctb«ra (specify•:       all   three  can  be 
selected. 

3. LASING KINETICS MODEL 

GENERAL (specify): 
CO, Lasing Species:   

Number of Species 

Number of Reactions: 

Other Major Species Considered: 

IMPACT EXCITATION MODELED (^ : 

iReference) 

V ibrationa 1; 

Electronic: 

Others (specify); 

defined 
not explicitly 

ENERGY   TRANSFER  MODES MODELED l^ 

(Refc- rent el 

V-T:     I 

V-R:   _ 

v-V:     y/- 

others (specify):      not  explicitly defined 
Lading Transition;    P-Branch:   

R-Uranch;   

Single Line Model (^ ):  

Multi-Line Model |W):  

Assumed Rotational Population 
Distribution State («/ I: 

Equilibrium:  

Nonequilibri'im: v/ 
Number of Laser  Lines 
Modeled: 1 

Source of Kate Coefficients Used in Code; 

LINE PROFILE MODELS (^/): 

Doppler Broadening:   

Collisional Broadening: 

Others (specify):   

4.  RFC IPCULATION CONTAMINANTS 
MODELED (J ): 

O   • OH   : 

NO r 
Oth 

HNO   : 

•n (specify):    ____ specified 

REFERENCE FOR REACTION MECHANISM 
AND KATES:        

OTHER UNIQUE FEATURES: 
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CODE NAME:. 
EBEAM2 TECHNICAL AREA(S): Kinetics 

DEVICE COMPONENTS TREATED: Pnwsr   Supply 

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:       Given power supply specifications   - 
for an E-Beam laser,   computes the E-Beam gun and  sustainer voltage and current 
tune nistory.     Gas species and densities  are also  inputted. 

ASSESSMENT OF CAPABILITIES:   Provides a graphical display of current and voltage 
for  each of  the two electrical  systems  in a pulsed E-beam laser. 

ASSESSMENT OF LIMITATIONS: 

Laser outputted not computed 
Restricted to CO-, N_ 

Z   3 
and HE Gas Systems. 

OTHER UNIQUE FEATURES:   was used in a comparison between theory and experiment. 
Easily showed gas rate coefficient dependencies. 

ORIGINATOR/KEY  CONTACT: 

Name: Arthur Werkheiser 

Organisation:     us Ar•y Missile Command ~ 

Address-        DRSMI-RHA,   Directed Energy  Directorate,   Redstone Arsenal,   AL   35898 

Phone:      (205)   876-8161  

AVAILABLE DOCUMENTATION (Please specify, vise T : Theory, U = User's Manual, L = Listing, and 
Rp i  Related Publication):  

Under preparation. 

STATUS: 

Operational Currently"3 

Inder Modification1: _ 

Purposeis):  

yes 

Ownership-»:        US   Army 

Proprietary': No 

MACHINE/OPERATING SYSTEM (or.  ,.hich installed):      DEC PDP   11/34 

TRANS PORTABLE': DO 
Machine Dependent Rcstric tior»-> Requires a Tektronics 4012 terminal 

SELF-CONTAINED*: 

Other Codes Required (name, purpose):      Requires   Tektronics   Plnr    10   Snftuarp 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Core Size (Octal Word») 

Small Job: 

Typical Job: 

Large Job: 

"23K~ 

Execution Time (sec, CDC 7600) 

Approximate Number of FORTRAN Lines: 3QQ 

COMMENTS3  
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KINETICS CODE 
CODE NAME: 

EBEAM2 

1.  CODE STRUCTURE 

COORDINATE SYSTEM i^ ): 

Cartesian; Expanding: 

KINETICS GRID DIMENSIONALITY i^): 

1-D:   i-D:   

3-D:   

GAIN REGION SYMMETRY RESTRICTIONS: 

Gain \ ary Along Optical Axis:   

Flow Direction;   

KINETICS MODELED:    Pulsed: V CW: 

NUMERICAL SCHEME USED IN RATE 
CALCULATION (^ I: 

Explicit:   

ImpL» it:        Y 

Others (specify):  

REFERENCE OF  METHOD USED: 

PLASMA KINETICS MODEL 

Nl MBER OF SPECIES TREATED    specify»: 

Number oi Positive 
Species:  

Number of Negative 
S pe c ie s:   

Number of Neutral 
Species:   

REACTION MECHANISM MODELED l^): 

Primary Ionizatior»: (Reference] 

E-Beani; y    , 

Self-S-istained: 

y\ -Initiated: 

Others (Specify): 
J- 

Secondary lonization (Relerence) 

Attachment: V 

Detachment: 

Ion- Ion Recom- 
bination; 

ChtrgC  T ransfor 

Dis soc latzon/ 
Ret ombination; 

Others (specify); 

Source of Rate Coefficient« Used: 

/ 

V 
. 

1 
1 

DISCHARGE POWER INPUT MODELED (^ |i 

Uniform)  Non-uniform:    v 

E-Fielcl:   

3. LASING KINETICS MODEL 

GENERAL (specify): 

Lasing Species:        * 

Number of Species:   

Number of Reactions:  

Other Major Species Considered: 

IMPACT EXCITATION MODELED (^ M 

(Reference) 

Vibrational: 

Electronic: 

Others (specify): 

ENERGY TRANSFER  MODES MODELED iJ ] 

(Ref€-renc c i 

V-T: 

V-R:   

V-Vi __ 

Others (specify!:  

l.asing Transition;    P-Branch: 

R-Branch: 

Single Line Model {^ ):   

Multi-Line Model (»/):     

Assumed Rotational Population 
Distribution State (*/ l: 

Equilibrium:          

Noneqiulibr lum: 

Nuniber of Laser Lines 
Modeled: 

Source of Rate Coefficients Used in Code 

LINE PROFILE MODELS (Wj( 

Doppler Broadening;   

Collisional Broadening: 

Cithers (specify):   

4.  RECIRC ILATION CONTAMINANTS 
MODELED (J ):       none 

O»! OH  .-      

NO HNO 

Others (specify): 

REFERENCE FOR REACTION MECHANISM 
AND HATES:   

OTHER UNIQUE FEATURES: 

Others ispeofyl: 
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_ TECHNICAL AREA(S): 
Laser Cavity, Gas 

Kinetics CODE NAME: EBM2D  

DEVICE COMPONENTS TREATED:  

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:  EBM2D Computes a 2-dimensional 
distribution of electron density, electric field, and power deposited within 
a laser cavity for a given potential difference and current density  for 
electric lasers. 

ASSESSMENT OF CAPABILITIES:   Computes using attachment coefficient, Townsend 
avalanche, and recombination coefficients.  A fast, compact code. 

ASSESSMENT OF LIMITATIONS: Reiterates 6 times in computing one distribution. 
Does not give a time history. Restricted to a few species. 

Makes use or cavitv symmetry,  includes several 
OTHER  UNIQUE FEATURES: 

empiracal  approximations  to   speed   the calculations.     Presupposes  an  EBEAM. 
laser. 

OIUGINATOR/KEY CONTACT: 

Name:  Arthur Werkheiser 
U.S. Army Missile Command Organization; 

Address:        ÖRSMI-RHA Directed  Energy  Directorate,   Redstone  Arsenal,   AL   35898 

Phone: (205)   876-8161 

AVAILABLE DOCUMENTATION (Please  spei ify, use T      Theory. U  i  User's Manual.   I. =   Listing, and 
RP    Related Publication);    E-Beam  Spreading  and  Resulting  Field  Variations   in  CO. 

Laser  Plasmas,   Cason,   C,   Perkins,   J.F.   and  Werkheiser,   A.H.,   AIAA  Journal, 
Vol.   15,   No.   8,   Aug.   1977,   pp.   1079  -   1083   (T) 

STATUS: 

Operational Currently »: yes 

Under Mod if ication'': yes 

Purposeis):      Combining   this with EBEAM  to  produce  a   two-dimensional 
tine  history. 

Ownerships US   Ar•y 

Proprietary"5 no 
MACHINE/OPERATING SYSTEM ion which installed): CDC   6600 

TRANSPORTABLE?: yes 
Machine Dependent Restrictions: no 

SELF-CONTAINED?: 

Other Codes Required (name, purpose): 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Small Job; 

Typical Job: 

Large Job: 

Approximate Number o( FORTRAN Lines: 4QQ 

COMMENTS:   

Core Size (Octal Words) Execution Time (sec, CDC 7600) 

3 OK 15 sec 

39 

PS«   - 

      - - ] 



KINETICS CODE 
CODE NAME:    EBM2D 

1. CODE STRUCTURE 

COORDINATE SYSTEM i^ ): 

Cartesian;     y        Expanding; 

KINETICS GRID DIMENSIONALITY (^): 

l-Dl   i-D:      V^ 

3-D:   

GAIN REGION SYMMETRY RESTRICTIONS: 

Gain Vary Along Optical Axis:      

Flov. Direction;   

KINETICS MODELED:    Pulsed:   CIV: 

NUMERICAL SCHEME USED IN RATE 
CALCULATION i-/ |: 

Explicit;     

Implicit:      y/ 

Others (specify);  

REFERENCE OF METHOD USED: 

2. PLASMA KINETICS MODEL 

NLMBER OF SPECIES TREATED (specify): 

Number of Positive 
Species:   

Number of Negative 
Species: 

Number of Neutral 
Species:   

REACTION MECHANISM MODELED («/li 

primary  Ionisation; (Relercnie) 

E-Bcaru; V 

Self-Sustained: 

IV-lnitlated: 

Others  (spec if y |: 

Secondary lomzalion (Reference) 

Attachment: y 

Detachment: v/ 
Ion- ton Recom- 
bination; 

Cha rg«  T ransfcr; 

Dltsot latlon/ 
Ret combination: 

Others (specify): 

y 

y 

Source of Rate Coefficients Used: 

DISCHARGE POWER INPUT MODELED (^1 

Uniform:     V Non-Uniform:  

E-Field: 

3.  LASING KINETICS MODEL 

GENERAL (specify); 
CO. Lasing Spec ies: 

Number of Species:  3  

Number of Reactions:  

Other Major Species Considered: 

IMPACT EXCITATION MODELED (^ h 

(Reference) 

Vibrational; 

Electronic: 

Others (specify): 

ENERGY TRANSFER MODES MODELED 1^ 

(Reference I 

V - I: 

V-R:   

V-V:  _ 

Others (specify):_ 

Lasing Transition p-Bra.nct>!   
R -Branch: 

Single Line Model (y ):  \/ 

Multi-line Model lx/):     

Assumed Rotational Population 
Distribution State (»/ I: 

Equilibrium:        y 
Nonequilibr lum;  

Number of Laser Lines 
Modeled; 1 

Source of Rate Coefficients Used in Code: 

LINE PROFILE MODELS v4\\ 

Doppler Broadening: 

Collistonal Broadening: 

Others (specify):   

4. RECIHC '   1.ATION CONTAMINANTS 
MODI: LED («i)i       none 

O   • OH    ; 

NO UNO 

Others Ispecity): 

REFERENCE FOR  REACTION MECHANISM 
AND RATES:  

OTHER UNIQUE FEATURES: 

Others (specify): 
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CODE NAME:       EDLAMP TECHNICAL AREA(S):     Kinetics,  Gas Dynamics 
DEVICE COMPONENTS TREATED: P*%H fy 

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: 

Cavity Performance  

ASSESSMENT OF CAPABILITIES:        Suited  for any E-Beam controlled EDL 

ASSESSMENT OF LIMITATIONS:       One-D Only   (Flow distance  for CW applications, 
time  for pulsed application)  

OTHER UNIQUE FEATURES:    Detailed  Plasma Kinetics;   code can model  kinetics 
effects due  to  recirculation on performance"! 

ORIGINATOR/KEY  CONTACT: 

Name:   Jürgen Thoenes 
Lockheed-Huntsville Research & Engineering Center Organization: 

Address:    p<   Q-   Bnx  ii na,   HuntsvillP,   AT, TSftO.7 
Phone: (205)   837-1800,   ext.   416 

AVAILABLE DOCUMENTATION (Please specify, use T - Theory, U = User's Manual, L =  Listing, and 
RP - Rel.ted Publication);  

TT  .1. Thnsnes, S.C. Kurzius. "Plasma Chemistry Processes in the Closed 
Cycle EDL". MICOM TR DRCPM-HEL-CR-79-11, 1979, Vol. I.  

U:  J. Thoenes. "EDLAMP User's Manual", MICOM 
TR DRCPM-HEL-CR-79-11, Vol. II, 1979. 

STATUS: 

Operational Currently: yes 

Under  Modification'':  

Pur oosels): 

Ow ne rship"5: Tj-irkhPPd   fc   U.S. Army, MTCOM 

Proprietary'': Nn 

MACHINE/OPERATING SYSTEM (on which installed):      CDC   6600    (MICOM) ,   CYBER   176    (AFWL) 

TRANSPORTABLE'': yes 

Machine Dependent Restrictions: none   for   CDC   Computers  

SELF-CONTAINED': 

Other Codes Required (name,  purpose):        BoltZmann   Electron   Kinetics   Code. 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Small Job: 

Typical Job; 

Large Job: 

Approximate Number of FORTRAN  Lines:         5000 

COMMENTS-'  

Core Size (Octal Words) Execution Time (sec, CDC 7600) 

14^K 60 

Fjhry-Ppmt-   r/wity  randplpri   using   geometric   optics. 
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KINETICS CODE 

I. CODE STRUCTURE 

C OORDINATE SYSTEM ^ I: 
Cartesian;  Expanding; 

KINETICS GRID DIMENSIONALITY <^|: 

1-D-.    y/ i-D:   
3-D:   

:;.A!.N REGION SYMMETRY RESTRICTIONS: 
Gain Vary Along Optical Axis:   

Flow Direction:      V 

KINETICS MODELED:    Pulsed: 
NUMERICAL SCHEME  USED IN RATE 
CALCULATION (^ I: 

Explicit:     v 

Implicit:    v 

Others  (specify l:  

/ 

REI ERENCE OF METHOD USED: 

PI.ASMA KINETICS MODEL 

NUMBER OF SPECIES TREATED ispec ifs i 

Number of Positive 
Species: 
Number of Negative 
Species: 
Number of Neutral 
Spec ies: 

Arbitrary 

Arbitrary 

Arhi t-rary 
REACTION MECHANISM MODELED {•Jv. 

Primary Ioni/ation; (Reference) 

E-tnm V 
Self-Sustained:      
UV-Initiated: 

Other» (spec 11 y>: 

Secfindarv Ionization 
Attachment: 

Detachment: 

Ion- Ion Recom- 
bination: 

Charge Transfer: 
Dissociation/ 
Recnmbination: 

Others  (specify): 

iRcfe i ence) 

V 
• 
y 

:      / 
V 

Source of Rate Coeffu ients Used: 

DISCHARGE POWKR INPl'T MODELED [^ ) 
Uniform]       V Non-i'niform:   

Others ispecify^:    

CODE NAME:        BMAMP 

3-   LASING KINETICS MODEL 

GENERAL (specify): 

Lastng Species: 

Number of Species: 

co2 _ 
Arbitrary 

Number ol Reactions: Arbitrary 
Other Major Species Considered: __ 
N2,   He,   Op,   H2,   CO  

IMPACT EXCITATION MODELED (V h 
(Reference) 

Vlbrational: v    \ 

Electronic: 

Others (specify): 
v/ 

Ionization 

ENERGY  TRANSFER MODES MODELED (J Js 
(R efcrenc e> 

V-T:       S 

y 
V-R 

V - V 

Others (specify):  

l.asing Transition;    P-Hranch:      V 

R-Branch;      y^ 

Single Line Model (^ ): y/  

Multi-Line Model l^):     
Assumed Rotational Population 
Distribution State id 1: 

Equilibrium; ^/  

Nonequil ihr luiii; ^__  

Number of Laser Lines 
Modeled: 1 

Source of Rate Coefficients Used in Code; 

LINE PROF1LF MODELS (Jji 
Doppler  Broadening:  v 

Collisional Broadening: 
Others (specify):   

V 

Combination (Voigt Profile) 

4. RECIRCUI.ATION CONTAMINANTS 
MODEL- 

OH 

:LED (-/) 

P.:       / 
NOx:    y/ HNOx: j/_ 
Others (specify):   

REFERENCE FOR REACTION MECHANISM 
AND PATES;  

OTHER UNIQUE FEATURES: 
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GAS DYNAMICS CODE 

CODE NAME:  EDLAMP 

1. CODE STRUCTURE 

COORDINATE SYSTEM (^ ): 

Cartesian:     Expanding: 

FLUID GRID DIMENSIONALITY (^ ): 

1-D: V   

i-D:   

3-D:   

Time Dependent; 

VL 
FLOW FIELD MODELED (^ ): 

Conipress ible Flow; 

Incompressible:   

Viscous Flow:   

No Flow:   

BASIC MODELING APPROACH (^): 

Algebraic:     Integral Method: 

Finite Difference: \/  

Others ispecify):   

DECONTAMINATION METHOD TREATED (^1: 

Scrubber; ^  

Shower;   

Catalytic Reactor: ^/  

others (specify):  Scrubber/Catalytic 
reactor modeled by adjusting mixture 
composition.  

4. ACOUSTIC ATTENUATION MODEL 

GENERAL FEATURES MODELED (^ ): 

Single Pulse:  Repetitive Pulse:_ 

DIMENSIONALITY TREATED {J ): 

1-D:  a-D: 3-D: 

Time -Dependent; 

DISTURBANCE MODELED (^1: 

Pressure Wave:   Entropy Wave: 

Others (specify):  

REFERENCE FOR APPROACH USED: 

GAS DYNAMICS MODEL FEATURES: 

GAS SUPPLY MODELED (V >: 

Mixture Preparation;   

Mixture Injection;   

Nozzles: 

Flow Plates: 

Others (specify): 

CAVITY INITIAL CONDITION DETERMINED 
BY (specify):    given P,   T,   Uf   Equil. 
concentrations 

3. EXHAUST REC1RC I LATION MODEL 

GENERAL SYSTEM MODELED (^ ): 

Open System:        V Closed System; 

Closed Cycle:      Y 

EXHAUST SYSTEM FEATURES (^ 1: 

Pressure Recovery; _____ 

Ejector System;   

Compressor/Fan; 

Heat Exchanger: 

Gas Make-Up: 

V 
y 

Others (specify): 
Heat exchanger modeled 

via  specified drop  in T.     Make-up 
modeled  by adjusting mixt-nrpi— 

r-nmpngi tirm,  
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WAVE PROPAGATION TREATMENT (^1: 

Linea r Wave: 

Nonlinea r Wave; 

Others (specify): 

THEORETICAL BASIS: (Reference) 

NUMERICAL METHODOLOGY:  (Referencel 

ACOUSTIC ATTENUATORS CONSIDERED (^ ): 

Muffler:  Heat Exchanger:   

Horn: _ Porous Wall; 

Others (specify):   

h. MODEL EFFECTS ON OPTICAL MODES Dl F 
TO fyj I: 

Index of Refraction Variation^;  

Other  (specify): 

OTHER UNIQUE FEATURES: 

1 
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CODE NAME:      EDLNOD TECHNICAL AREA(S): Kinetics 

Cavity DEVICE COMPONENTS TREATED: 

PRINCIPAL PURPOSE^)/APPLICATION(S) OF CODE: Small signal gain and energy 

extraction for CO^ EDL's.  

ASSESSMENT OF CAPABILITIES: Both versions of this code have demonstrated good 

agreement with experimental data from Humdinger, ABEL, and the AFWL  

Pulsar Device. 

ASSESSMENT OF LIMITATIONS:  The enerc^ extraction routine is not pasea on physical 
optics principles, so predictions are of limited utility.  The code assumes uniform 

electric field and electron density. 

OTHER  UNIQUE FEATURES: 

ORIGINATOR/KEY CONTACT: 

Name;      CPT  Robert F.   Walter 
Organization:        AFWL/AREP  
Address:     Kirtland  AFB,   NM       87ll7 

Phone:     SnS-P.44-1 7R6 

AVAILABLE DOCUMENTATION (Please specify, use T = Theory, U = User's Manual, L • Listing, and 
RP =   Related Publication): L     

RP:   AFWL  TR-74-216 
J. Appl. Phys. 46, 3566, Aug. 1975 

STATUS: 
Operational Currently^: yes 

Under Modification•>-. yes 

Purpose(s): Provide voltage and current input waveforms of 

arbitrary temporal profile.  

Ownership-»:   "S AirForce 

Proprietary'': 

MACHINE/OPERATING SYSTEM (on which installed): CRAY-1    ,    CDC   6600 

TRANSPORTABLES ves 
Machine Dependent Restrictions: 

SELF-CONTAINED •>.- 
Other code. Required (name, purpose)-. IPHHANK - Boltzmann Equation Code required 

to calculate electron excitation rates. 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Small Job; 

Typical Job: 

Large Job: 

Approximate Number of FORTRAN Line«: 

COMMENTS:  

Core Size (Octal Words) Execution Time (sec, CDC 7600) 

(200,000) 2   sec.   on  CRAY 
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KINETICS CODE 
CODE NAME: 

1 
EDLNOD 

1. CODE STRUCTURE 

COORDINATE SYSTEM (^ ): 

Cartesian:  Expanding:^ 

KINETICS GRID DIMENSIONALITY |^): 

1-D:     \/ £-D:  

3-D:   

GAIN REGION SYMMETRY RESTRICTIONS: 

Gain Vary Along Optical Axis:   

F lov* Direction;   

KINETICS MODELED:    Pulsed:       V        CW: 

NUMERICAL SCHEME USED IN RATE 
CALCULATION |J l: 

Explicit:     V 

Implicit: _^____ 

'Jtners (Spt*c:H i:  

0 

REFERENCE OF METHOD USED:    AFWL   TR-74-216, 

J. Appl. Phys. 46_, 3566, Aug. 1975 

PLASMA KINETICS MODEL 

NUMBER OF SPECIES  TREATED (specify): 

Number uf Positive 
Species: 

Number of Negative ^ 
Species:   

Number of Neutral                           4 
Species:   

REACTION  MECHANISM MODELED (^ ): 

Pr ima ry lorn/ation: | Reterenc e ) 

E-Beani: V 

Self -S-istained: 

rv -Initiated: 

Others (specify); 

Secondary Ionisation 

AUat hment; 

Detachment: 

Ion - Ion Recom- 
binat loO| 

Charge Transfer; 

Disso*, lation/ 
Recombination; 

Other a (specify): 

(Reference* 

Source of Rate Coefficients Used; 

DISCHARGE POWER INPUT MODELED (^ | 

'.'inform-.      V Non-Uniform;   

E-Fteld;   

3-  LASING KINETICS MODEL 

GENERAL (specify); 

Lasing Species; £_ 

Number of Species: __ 

Number ol Reaction«: 

Other Major Species Considered: 

IMPACT EXCITATION MODELED {^ \: 

(Reference) 

Vibrational: V 

Electronic« 

Others (specify); 

ENERGY  TRANSFER MODES MODELED \<d\\ 

(Reftrencel 

V-T,     / 

>/ 
V-R 

V-Y 

Otht rs (specify!:  

Lasing Transition;    P-Uranch: 

R-Br»ncrt: 

Single Line Model [<f \\         V 

Multi-Line Model I»/):    

yL 

Assumed Rotational Population 
Distribution State (W I: 

Equilibrium; y  

Nonequihbruun:  

Number of Laser Lines 
Modeled;  J^_ 

Source of Rate Coefficients Used "in Code: 

AFWL TR-74-216  

LINE PROFILE MODELS '^ ): 

Doppler Broadening; V         

Collisional Broadening; 

Others (specify):   

V 

4. REC1PCILATION CONTAMINANTS 
MODELED {J):       none 

O-l ' OH    :    

NO UNO 

Others (specify): 

REFERENCE FOR  REACTION MECHANISM 
AND RATES:  

OTHER UNIQUE FEATURES: 

Others fspcciiyl: 

45 

i  i — 



CODE NAME:  EDLSL  TECHNICAL AREA(S):   Kinetics 

DEVICE COMPONENTS TREATED:   CO?/H  or He/ N-  EDL Cavity Kinetics  
PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:  Models the Kinetics of photoi. 

production by a glow discharge in an EDL cavity containing CO , N„ . • :. 
or He using the 6-temperature model of AVCO written by Dr. A.T. Gavrif  Sei 
of the AFWL. 

ASSESSMENT OF CAPABILITIES:     
A fast and  simple algorithm which does not account 

for E-beam  spreading,   has no optics   in  it,   and  assumes  a constant  average 
R    which  is  an   input. 

ASSESSMENT OF LIMITATIONS: Has  been anrhnrpH   to  other codes   such  as   that of 
Lockheed  and has  shown agreement within  10-15%. 

OTHER  UNIQUE FEATURES: 

ORIGINATOR/KEY CONTACT: 

Name: A.  T.  Gavrielides 
Organisation; AFWL/LRE  

AddrC95.      Kirtland  AFB,   N.M.        87106 

Phone:       (505)   844-4691 
AVAILABLE DOCUMENTATION (Please specify, use T  -   Theory, Q  .-  Users Manual,  I. =   Listing, and 

RP =  Related Publication): none  
This is an "in-house" code used by a limited number of people. 

STATUS: 

Operational Currently?: ypq 

Under Modlf ication">:  

Purpose/«):  

Ownership^:       AFWL/LRE 

Proprietary-1: no 

MACHINE/OPERATING SYSTEM (on which installed):       CDC   6600/   CYBER   176 

HOSBE operating   system 
TRANSPORTABLE0:    ma rginally 

written fc r  CDC and  is  not in ANS 11 Machine Dependent Restrictions: Was Fortran 

SE -F-CONTAINED'': 

Other Codes Required (name, pu 

differential  equation 
rpose): 

solver 

Requires DISSP1 jA package and a  libi rary 

Core SU« (Octal Words) Execution Time (sec, CDC 7600) 

4992 20  sec 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Small Job; 

Typical Job 

Large  lob: 

Approximate Number of FORTRAN Lines:    -^    150 

COMMENTS:  
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KINETICS CODE 
CODE NAME:  EDLSL 

1   CODE STRICTURE 

COORDINATE SYSTEM (^ ); 

Cartesian:  Expanding: 

LASING KINETICS MODEL 

GENERAL (specify): 

Lasing Species: CO, 

KINETICS GRID DIMENSIONALITY (yj): 

1-D:   l-D: _S_ 
3-D:   

GAIN REGION SYMMETRY RESTRICTIONS: 

Gain Vary Along Optical Axis:   

Flo« Direction:      y 

KINETICS  MODELED:    Pulsc-d:       V        CW: 

NUMERICAL SCHEME USED IN RATE 
CALCULATION Iy1 ): 

Explicit: _^_^__ 

implicit:       V 

Others (spccifw:^   ' 

Number of Species: 

Number of Reactions: 

Other Major Species Considered: 

IMPACT EXCITATION MODELED (^ ): 

(Reference! 

Vibrational: ^1  

Electronic: __|  

Others (specify):  

REFERENCE Or' METHOD USED:    A^C0   ^"temp . . 
model programmed by Dr. A.T. uavrielide 
of the AFWL. 

PLASMA  KINEIICS MODEL 

N't MBER OF SPECIES TREATED (specify); 

N.imber of Positive                               Q 

Species:   

Number of Negative -. 
Species:  U 

Number of Neutral                           -5 
Species:   

REACTION MECHANISM MODELED ty*); 
Primary [onization: (Reference) 

E-Beam: 

Self-Sustained 

I'V -Initiated: 

tethers  ispei ify): 

ENERGY TRANSFER  MODES MODELED 1^ ] 

(Reference) 

V-T: S 

s 
s 

AVPfl   HaniiVv-ink V-R 

V-V 

Others  (specify):  

Lasing Transition;    P-Branch; 

R -Branch: _ 

Single Line Model iy ):  ^_ 

Multi-Line Model iy*!:     

1/ 

V 

Assumed Rotational Population 
Distribution State (*/ ): 

Equil ibrium;  j/ 

Nonequilibnum:  

Number of Laser   Lines 
Modeled: 1 

i  ft&BL Kinetics  Handbook 
Source of Rate Coefficients Lsed in Code; 

Secondary [onizatiofl 

A ttac hmeni: 

Detachment: 

Ion- [on Reioni - 
bination; 

(.ha rge  T r.*nsfer: 

Di»s*>< i'»t^ n 
R ecombiiution; 

Otrurs   (spt*c if V t: 

(Reft-1 ence) 

LINE PROFILE MODELS <^/i 

Doppler  Broadening:   S 
Collisional Broadening; 

Others  (specify): 

RECIRCULATION CONTAMINANTS 
MODELED (»/):     none 

0„: OH .:   

NO UNO   : 

Others  (specify): 

V>'irir  .>(  Hnte C oefflcients  Used: 

I  HARG1    ;•     '• : H  INPUT MODELED (^i: 

I'nifpi " V Nun- I 'niform:   

F-l teMi   

Others  ispecltv*:  

REFERENCE FOR REACTION MECHANISM 
AND RATES:  

OTHER UNIOVE FEATURES:     GM.<1   Switch   Spike 
computed. 

_ciiEat)i 
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"1 
CODE NAME: 

EKD- als0 called BOI,TjECHNICAL AREA(S): Electron Kinetics 
DEVICE COMPONENTS TREATED:     HA  
PRINCIPAL piiRPOSE(s>/APPLiCATioN(S)orcoDE:     EED solves  for   the  steadv-state  elytron 
distribution  function using  the  Boltzmann  Equation.     Elastics,   Inel.-i   :;i   .:-.'• 
vuper-eiastio   interactions  are  considered,   as well   as  electron-e i c-ctiv-" 
interactions. 

ASSESSMENT OF CAPABILITIES:       
Vcrv   generaTT"   It  will   consider  any  pas   as   long  is 

cross-section data  for  that  gas  are  available.     TT   no  super-elastics  or 
electron-electron   interactions   are   included,   tne  code   ]s  very   fast. 

ASSESSMENT OF LIMITATIONS:    The  e1ectron-eleetron   interactions  are   somewhat   untested 
and   it's   not   clear   if   the   formulation   is  correct.     If   supereJastics "are   included, 
ttie  method   is   slow.     Also,   TT   super!1astics  are   included  a   lot   ol   core  memory 
is  required. 

OTHER UNIQUE FEATURES:   Very   easy   to   use,   clear  output,   very   little  machine-dependent 
features.     Input   is  checked   for  consistency  and  validitv. 

ORIGINATOR/KEY CONTACT: 
Henrv Happ 

Name:        '    rr 

Organization:       Tetra   Corp. 
Addre55:        1325  San  Mateo,   SE,   Albuquerque,   KM       87108 
Phone:       (505)   256-3595 

AVAILABLE DOCUMENTATION (Please specify, use T --  Theory, U  •  User's Manual,   I 
RP =  Related Publication): 

, = Listing, and 

Boltz:     A  code   to  solve   the   Boltzmann   Electron  Transport Equat ion, 
Tetra  TR-78-001   (T,U) 

Listings  are  available   upon   request. 

STATUS: 

Operational Currently7:       7 ^S 

Under Modiiication">:  

Pur pose) s I:  

Ownership'':      L . 

Proprietary"':  

S.   Government 
No 

MACHINE/OPERATING SYSTEM (on which installed): CDC  6600  or   176,   CRAY-1 

Almost TRANSPORTABLE7: 
Machine Dependent Restriction«: 

How the machine orders its display code.  Problem 

only occurs in one or two lines of code 
SELF-CONTAINED7: 

Other Codes Required (name,  purpose): 

Also,  write  statements  use  A8  formats. 
/Finally,   N'AMELIST   is  used"! 

none 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Core Size (Octal Word») 

Small Job: 

Typical Job: 

Large Job: 

32533      * 
232433 
232535 

Execution Time (sec, CDC "600) 

Approximate Number of FORTRAN Lines: "  
COMMENTS:  * If supere1astics are to ~b~e included, a large array ot size (256,256) 
is used.  References to this array can be removed if superelastics are not used. 
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KINETICS CODE 
CODE NAME:    EED 

1. CODE STRUCTURE 

COORDINATE SYSTEM (^ ): 

Cartesian:     _/       Expanding: 

KINETICS GRJD DIMENSIONALITY [^). 

1-D:      / i-D:   

3-D:   

CAIN REGION SYMMETRY RESTRICTIONS: 

_«aul  \ ar\  Along Optical Axis:  

F lou  Direction: _______ 

KINETICS MODELED:    Pulsed:   C\V: 

NUMERICAL SCHEME USED IN RATE 
CALCULAT 

3-  LASING KINETICS MODEL 

CENERAL (specify): 

Lasing Species:   

Number of Species: 

Number of Reactions: 

Other Major Species Considered: 

AT ION ,J l: 

icit:      V Expl 

Implicit; 

- tie rs   i specify): 

IMPACT EXCITATION MODELED [yj >: 

(Reference) 

Vibrational; |  

Electronic:  ]  

Others (specify):   

REFERENCE OF METHOD USED: Thomson, 
Snith  &  Davies,   "Boltz:   A Code.. 
Computer  Phys.   Comm.,   V.ll,   p.   369-383, 

PLASMA  KINETICS MODEL 

NUMBER OK SPECIES TREATED ispecify): 

Number of positive 
Species. ^____^_^__ 

Number ot Neaative. 
Species:   

Number of Neatral 
Species: ^^^ 

REACTION  MECHANISM MODE:; ED    J h 

Primary Eontzation: Reference] 

E-Beam 

Setf-S istained: 

"   \ -initiated: 

Others   • pacify): 

1976 

ENERGY TRANSFER MODES MODELED (^ ! 

(Reft- rent e) 

V - I; _ 

V-R: _ 

. -V: 

I 

Se<    ..dary ionization iReierence) 

A'.tac hnivnt:  ,   

Detachment:  I 

Ion-Ion KeioiTi- 
bination; 

i  ha rge  T ransfer; 

Dissoc lation/ 
Rec (,i übination: 

Other 1   [specify): 

Source of Rate Coefficients Used: 

DISCHARGE  POWER INPUT MODELED (^1 

.:   rmi     Non-Uniform: 

E-Eield:   

ihtri > spot 11 y.: 
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Others (specify); 

1  i sins T ransition P-Branch 

R - Branch 

Single  Line Model (v);   

Multi-Line  Modeli*/».     

Assumed  Rotational  Population 
Distribution State (*/ |; 

•T.quil ibriun*.:  

Nonequilibriam:  

Number of Laser  Lines 
Modeled: 

:e of Fate Coefficients  Used in Code: 

LINE PROFILE MODELS <^1 

Dopplet   Broadening: _ 

Colhsional Broadening; 

Others    specify);   

4. RECIPE 'LATION CONTAMINANTS 
MODELED   J U 

Ov: OH    :    

NO HNO 

Others (specify): 

REFERE: 
AND RAT 

JCE 
ES: 

FOR REACTION MEt 1IANISM 

OTHER  '• NIQUE FEAT' •RES: 

-J 



CODE NAME:. ELECT TECHNICAL AREA(S):  Electron Kinetics 

DEVICE COMPONENT? TREATED:   Laser cavity; electrical excitation 
PRINCIPAL PURPOSE(S)/APPLICATION(SI OF CODE: To provide an analysis of electron 
kinetics for an arbitrary gas mixture (possibly including excited sp-i es) 
as a function of electric field by numerical solution of the Boltzmanr. 
equation. 

ASSESSMENT OF CAPABILITIES:  Code provides for electron-molecule, momentum transfer, 
superelastic, and electron-electron collisions; quasisteady state approximation 
retains dn /dt term for electron creation or loss from external ionization, 

secondary ionization, attachment,, rp.mmhinatinn, ptc. 
ASSESSMENT OF LIMITATIONS:  No significant limitations. 

OTHER UNIQUE FEATURES: Code is more general than most, inasmuch as there are few 
limitations on scattering processes, electron-electron collisions are included, 
superelastic collisions are included, and the analysis can be generated for an 
arbitrary number of species or reacitons.  User-oriented, flexible input/output 

ORIGINATOR/KEY CONTACT: 

Name:  William B. Lacina 

characteristics. 

Northrop Research and Technology Center Organization; 
Address: 0ne  Research Park,   Palos Verdes Peninsula,  CA 

Phone; 

9C274 

(213)    377-4811  Ext.   362 
AVAILABLE DOCUMENTATION (Please specify, use T 

RP a  Related Publication):         
Theory, U  - User's Manual,   L •  Listing, and 

"Theoretical Modeling of Molecular and Electron Kinetic Processes. 
Vol. I: Theoretical Formulation of Analysis and Description of Computer 
Programs.  Vol. II:  Fortran Computer Program Listings, " Northrop Rept. 
«NRTC-79-7R, January 1979 (T,U,L) 

STATUS: 

Operational Currently" 

Under M'.dification'': _ 

Purpose! s):  

yes 
no 

Ownerships Northrop Research  & Tech./William B.   Lacina 
Proprietary': No. Public Domain 

MACHINE/OPERATING SYSTEM (on which installed):    CDC   6600 

TRANS PORTABLE': yes 
Machine Dependent Restrictions: ypg (m-ird gi •»«») 

SELF-CONTAINED?:      yes 

Other Codes Required (name, purpose): 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Core Size (Octal Words) 

Small Job:   

Typical Job;         

Large Job:   

Approximate Number o( FORTRAN Lines: 

Execution Time (sec, CDC 7600) 

4,000 

COMMENTS- 
NOTE: The actual Boltzmann subroutines (without the main program ELECT and 

miscellaneous I/O routines) are shorter, and could be easily extracted from 

this code for usage elsewhere. 
SO 
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KINETICS CODE 
CODE NAME: ELECT 

). CODE STRICTURE 

COORDINATE SYSTEM (^ ): 

Cartesian:  Expanding: 

KINETICS GRID DIMENSIONALITY (^): 

1-D:   2-D:  

3-D:   

GAIN REGION SYMMETRY RESTRICTIONS: 

Gain Vary Along Optical Axis:   

Flow Direction:   

KINETICS MODELED:    Pulsed:   CW: 

NUMERICAL SCHEME USED IN RATE 
CALCULATION iJ ): 

Explicit:   

Implicit:   

Others (specify): 

REFERENCE OF METHOD USED: 

2.  PLASMA  KINETICS MODEL 

NUMBER OF SPECIES TREATED («pacify); 

Number of Positive 
Species: Arbiträr 
Number of Negative                           „ 
Species: ^m  

Number of Neutral                             " 
Species:   

REACTION MECHANISM MODELED c^/>: 

Primary [onizatiofts (Reference! 

E-Deam: V' 

Self-Sustained: 

UV-Initiated: 

Others ispec ifyi: 

~7 

Secondary lomzation .   (Reference) 

Attachment: j_ 

Detachment: 

Ion-Ion Ret om- 
bi nation; 

f-har^c  Transfer; 

Dissociation/ 
R ec omrnnation; 

Others (specify)! 

V 

V 
y 

v 

Source of Kate Coefficients Used: 

Miscellaneous 

DISCHARGE POWER INPUT MODELED (^ I 

Uniform:      V Non-Uniform:   

F.-Ficld:     V' 

3, LASING KINETICS MODEL 

GENERAL (specify):          N.A. 

Lasing Species:   

Number of Species: 

Number of Reactions: 

Other Major Species Considered: 

IMPACT EXCITATION MODELED |^ ): 

(Reference) 

Vlbrational: |  

Electronic:                                         . 

Others (specify):   

ENERGY TRANSFER MODES MODELED (^ ! 

(Reference) 

V-T: 

V-R: _ 

V - V: __ 

Others (specify): 

Lasing Transition:    P-Rrancr,; 

R -Branch; 

Single Line Model (^):   

Multi-Line Model («/):     

Assumed Rotational Population 
Distribution State I»/ 1: 

Equilibrium:   

Nonequilibrium;  

Number of Laser  Lines 
Modeled: 

Source of Rate Coefficients Used in Code; 

LINE PROFILE MODELS t^ 

üoppler Broadening;   

Collisional Broadening: 

Others (specify):   

4. REC1PC ULATION CONTAMINANTS 
MODELED (J): no"e 

Ov: Of'   : 

NO UNO 

Other •  (specify): 

REFF.RF.NCE FOR REACTION MECHANISM 
AND RATES:     

OTHER UNIQUE FEATURES: 

Others   spcc.K.:  E-beam or other 

* 
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CODE NAME:       ELENDIF TECHNICAL AREA(S):  Electron Kinetics 

DEVICE COMPONENTS TREATED: 

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:   Time Dependent Boltzmann Code 

ASSESSMENT OF CAPABILITIES: (1)     Backward prolongation   (using a multi-step,  variable 
stepsize   integration  algorithm);    (2)   Matrix   solution  of   the   steady-state 
Boltzmann  equation  including   superelastic  processes;    (3)   Time  dependent 
relaxation  calculation of   the  distribution  function. 

ASSESSMENT OF LIMITATIONS: 

OTHER UNIQUE FEATURES:   In addition to computing the electron energy distribution 
function, the code computes mean electron energy, drift velocity, characteristic 
energy,inelastic and superelastic rate coefficients, and energy flow rates 
for the processes being included in the calculation. 

ORIGINATOR/KEY CONTACT: 
Name:   CPT  Gary  L.   Duke 

AFWAL/POOC-3 Organisation; 

Address:      Wright-Patterson AFB,   Dayton,   OH 

Phone: (513)      255-2923 

AVAILABLE DOCUMENTATION (Please specify, use T = Theory, U = User's Manual, L • .Listing, and 
RP -. Related Publication):    T.U.L.:     "ELENDIF1':     A Computer  Program That Solves 
the  Boltzmann  Equation  for   a  Partially  Ionized  Gas",   JILA   Information 

Center  Report  #19  by William  L.   Morgan,   June  1979. 

STATUS: 

Operational Currently'': YeS 

Under Modification'': j*D 

Purpose(s):  

Ownership?:  

Proprietary'': No 

MACHINE/OPERATING SYSTEM (on which installed): 

TRANSPORTABLE?:       Yes 

Machine Dependent Restrictions: Programmed   in   Fortran   IV 

SELF-CONTAINED'': 
_   .              ,                                               none Other Codes Required (name, purpose):        

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Small Job: 

Typical Job 

Large Job: 

Approximate Number of FORTRAN Lines:      1200 

COMMENTS: 

Core Sixe (Octal Words) Execution Time (sec, CDC 7600) 

1 POK 15  Sec 

NOTE:  ELENDIF was brought to us by MAJ R.D. Franklin from Lawrence Lab. 

He has since moved on and although 
thp mtip is operational it.  is nnr  

currently being used. 
^2 
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CODE NAME:       ETRANV TECHNICAL AREA(S>: Kinetics 
DEVICE COMPONENTS TREATED:  

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:  Time dependent solution of master 
equation for vibrational energy exchange.  Used in modeling of vibrational- 
rotatianal laser systems (CO,,, CO, HF, PF) .  

ASSESSMENT OF CAPABILITIES: Timp   rjpppnflpnt   or   sfP^y   statt»   sol nf inns   nf    state 

populations (200). with capability to treat five (5) different molecular species. 
Capable of being linked to solution of collisional Boltzmann equation  

ASSESSMENT OF LIMITATIONS: Uncertainty in rate (V-V and V-T) scaling with respect 
to vibrational state and translational temperature. 

OTHER UNIQUE FEATURES: 

ORIGINATOR/KEY CONTACT: 

Name: W"1-    F-    Bailey 

Organiza tion:   AFIT/ENP   A.F. In stitute of Technology, Physics Dept. 
Add rest.: Bldg.   640,   Area B, Wright- •Patterson AFB, Ohio 45433 

Phone: 513-255-2012 

AVAILABLE DOCUMENTATION (Please specify, use T - Theory, U = User's Manual, I. •  Listing, and 
RP -  Related  Publication);  ___   

"Collision  Induced  Dissociation  of   Diatomic  Molecules", 
AFAPL-TR-78-105,   Nov.   1978   (RP) 

STATUS: 

Operational Currently0:   

Under Modification^:  

Pu r po s e l 9 I:  

Ownership'': U . S . A. F . 

Propneta ry°; 

MACHINE/OPERATING SYSTEM (on which installed): C°C   6600 

ir TRANS PORTABLE?: 
Machine Dependent Restrictions; 

SELF-CONTAINED?: X 

Other Codes Required (name, purpose): 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Core Site (Octal Words) 

Small Job: 

Typical Job; 

Large Job: 

Execution Time (sec. CDC 7600) 

Approximate Number of FORTRAN  Lines: 

COMMENTS:   
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KINETICS CODE 

CODE NAME: 
ET.RANV 

1. CODE STRUCTURE 

COORDINATE SYSTEM (^ ): 

Cartesian: Expanding:^ 

KINETICS GRID DIMENSIONALITY 1^): 

1-D:   i-D:  
3-D:   

GAIN REGION SYMMETRY RESTRICTIONS: 

Gain Vary Along Optical Axis:   

F low Direction: 

V KINETICS MODELED:    Pulsed: 

NUMERICAL SCHEME USED IN RATE 
CALCULATION (J )< 

Explicit:     V 

Implicit;   

CVV: V 

Cthe rs  (specify) 

REFERENCE OF METHOD USED: 

I.  PLASMA  KINETICS MODEL 

NLMBER OF SPECIES TREA'IED (specify): 

Number of Positive 
Species;   

Number of Negative 
Species:   

Number of Neutral 
Species;   

REACTION MECHANISM MODELED i^/): 
Primary loni/ation; (Reference) 

E-Beam: ^ |  
Self-Sustained: 

I'V-lnitiated: 

Others ispecifyi: 

• 

Secondary Ionisation (Reference) 

Attachment; V 

Detachment; 

Ion-Ion Recom- 
bination: 

Cha r^.'(» T r.wisfe r \ 

Dis-soc lation/ 
R t< om bin* t Loft j 

Oth« *-s (specify): 

Source of Rate Coefficients Used; 

/ 

! 

/ 

DISCHARGE POWER INPl'T MODELED (yj ] 

Unt/ormi       \/        Non-L'niform:   

E-Field:  

3. LASING KINETICS MODEL 

GENERAL (specify): 

Lasing Species;   

Number of Species: 

Number of Reactions: 

Other Major Species Considered: 
) 

variable 

IMPACT EXCITATION MODELED (yj 

Vibrational: 

Electronic: 

Others (specify): 

(Reference) 

ENERGY TRANSFER  MODES MODELED i^ !: 

(Reference! 

V-T:     V 

v/_ 
V-R 

v-v 

Others  f s pec if y \\  

Lasing Transition;    P-Branch:       \f 

R-Branch:       v 

Single Line Model fV li \/_  

Multi-Line Model (*/): \S 

Assumed Rotational  Population 
Distribution State (*/ i; 

Equilibrium: \X  

Nonequilibnum: 

Number uf Laser  Lines.    , , 
Modeled: variable 

Source of Rate Coefficients I'sed in Code: 
SSH 

LINE PROFILE MODELS (*/)j 

Dopple r Broadening:   

Collision*] Broadening; 

Others (specify):   

• 

4. RECIRCULATION CONTAMINANTS 
MODELED,^»:     none 

°X<    OHx:   
NO   :       UNO.,: 

Others (specifyt: 

REFERENCE FOR REACTION MECHANISM 
AND RATES:  

OTHER UNIQUE FEATURES: 

Othe rs ( spc cify t 
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FREESL TECHNICAL AREA(S):     
Gas Dynamics CODE NAME:. 

DEVICE COMPONENTS TREATED:  Cavity-Beam Duct Interface 
PRINCIPAL PURPOSE(SI/APPLICATION(S> OF CODE: Compute development of free shear layer 
at interface of primary cavity flow and secondary injected beam duct flow, 
in a confined channel.       

ASSESSMENT OF CAPABILITIES-.  Determines penetration of beam duct gas into cavity 
diffusion of C0-> into beam duct - velocity and species concentration profiles 
across shear layer and optical path difference. 

AISESSMENT OF LIMITATIONS:  Determination ot streamwxse velocity at lower-Boundary 

requires solution of elliptic problem and is unknown within the context of the 
parabolic shear layer equations — both zero shear and zero velocity boundary 
conditions used to bound problem. 

OTHER UNIQUE FEATURES:Shear layer edge conditions determined through influence of 
shear layer displacement thickness on inviscid cavity flow.  Unequal dittusion 
coefficients used in conjunction with binary dittusion approximation. 

ORIGINATOR/KEY CONTACT: 
Name:  Peter Crowell 

RDA Organization; 
Address:   ATO 9377  Int. Airport, Albuquerque, NM~ 

Phone; 

87119 

aosaSAAmaou 
AVAILABLE DOCUMENTATION (Please specify, use T = Theory, V 

RP i Related Publication): 
User's Manual,  L •   Listing, and 

T,L   ,   RDA  Report  No.   80-A/K-21-O.1143 

STATUS: 

Operational Currently'': yes 

Under  Modification'':      yes 

Purpose(s):  Improved turbulence model (2 eg. model) current version 
uses eddy viscosity model.         

Owne rship9: 

Proprietary'': 

RDA 

MACHINE/OPERATING SYSTEM (on which installed): CRAY-1 

TRANSPORTABLE'':       yes 

Machine Dependent Restrictions: none 

SELF-CONTAINED': 

Other Codes Required (name, purpose): None 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Small Job: 

Typical Job: 

Large Job: 

Approximate Number of FORTRAN Lines: 

COMMENTS'   

Core Size (Octal Words) Execution Time (sec, CDC 7600) 

500-600  sec on cray using 150 mesh 
points and  200 marching  steps 
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GAS DYNAMICS CODE 

CODE NAME: 
FREESL 

1. CODE STRUCTURE 

COORDINATE SYSTEM i^ 
Cartesian: Expanding: jV / 

FLUID GRID DIMENSIONALITY i^ I 

1-D:   . 

i-D: /  

3-D:   

Time Dependent;   

/ 
FLOW FIELD MODELED 1^1: 

Compressible Flow: 

Incompressible: 

Viscous Flow;  V 

No Flow;   

BASIC MODELING APPROACH t^l: 

Algebraic:     Integral Method; 

Finite Difference:  V_  

Others (specify):   

DECONTAMINATION METHOD   .:-i:ATED    ^I 

Scrubber:   

Shower; 

Catalytic Reactor: none 

Others Ispecify):   

ACOUSTIC ATTENUATION MODEL 

GENERAL FEATURES MODELED (^/ ): 

Single Pulse:  Repetitive Pulse: 

DIMENSIONALITY TREATED (^ ): 

1-D: 2-D: 3-D: 

Time -Dependent; 

DISTURBANCE MODELED tlj ): 

Pressure Wave:        Entropy Wave: 

Others  (specify):  

REFERENCE FOR APPROACH USED:     Thin 

shPAr  Layer   equations  

I. GAS DYNAMICS MODEL FEATURES: 

GAS SUPPLY MODELED   V': 

Mixture Preparation; _N_-CO„-He 

Mixture Injection:       N. 

Nozzles:   

N   -CO. 
 2 2 

Flow Plates: 

Others (specify):     Bean  duct   injection 
into cavity   is II.  

CAVITY INITIAL CONDITION DETERMINED 
BY ispecifyi:     assumed  initial  profiles 

WAVE PROPAGATION TREATMENT (yj\: 
Linear Wave: 

Nonlinear Wave: 

Others  ispecify): 

THEORETICAL BASIS: 'Reference! 

NUMERICAL METHODOLOGY:  (Reference! 

ACOUSTIC ATTENUATORS CONSIDERED Cyj I: 

Muffler: Heat Exchanger;   

Horn-, Porous Wall: 

Others (specify I: 

3. EXHAUST 'RECIRCUI^TION MODEL 

GENERAL SYSTEM MODELED (^ I. 

Open System;     Closed System: 

Closed Cycle:   

EXHAUST SYSTEM FEATURES ly] I: 

Pressure Rccoverv:   

Ejector System:   

L I mpressor   Fan:   

Heat Exchanger;   

Gas Maxe-Up:   

Others (spec U\ ):  

5.  MODEL EFFECTS ON OPTICAL MODES DIF 
TO 1^): 

Index of Refraction Variation'':    Ves  
Optical path Other (specify): 

diffnrftnee computed across 
shear layer  

OTHER UNIQUE FEATURES: 
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CODE NAME:       GALERK TECHNICAL AREA(S):  Electron Kinetics 

DEVICE COMPONENTS TREATED:   

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:   To predict electron transport and 
excitation-ionization coefficients  from cross-section data. 

ASSESSMENT OF CAPABILITIES:      F°r  the  first  time provides practical means of 
taking  into  account properly  the effects of large inelastic  cross-sections. 
such as  that  for vibrational  excitation of N    or CO. 
 j,  

ASSESSMENT OF LIMITATIONS:  Requires large computer, e.g., used only on CRAY I 
so far; requires user to adjust grid and to iterate solutions in presence 
of lonization. 

OTHER UNIQUE FEATURES: 

ORIGINATOR/KEY CONTACT: 

Name: L. C. Pitchford (originator) 
Organization:       to   11/28/BO     J.I.L.A. 

Address:'-1- of Colorado, Boulder, CO 80309 
After 1/1/81-Sandia Laboratories 
Albuquerque, NM 

Phone:      (303)   492-8255 

AVAILABLE DOCUMENTATION (Please specify, use T - Theory, U = User's Manual, L =  Listing, and 
RP -  Related Publication):  

L,   RP     -     L.C.   Pitchford,   S.V.   O'Neil,   V.R.   Rumble,   Jr.,  
Phys.   Rev.   A   (in press)   1980. 

STATUS: 

Operational Currently-': *  
Y 

Under  Modification'': "  

Purpnsetsi:   To allow operation on  CDC 7600 using external memory. 

Ownership'': Joint Institute of Laboratory Astrophysics under support from AFAPL. 

Proprietary'': ^__  

MACHINE/OPERATING SYSTEM (on which installed): CRAY   I 

TRANSPORTABLE'':         to   other   CRAY   I's 
Machine Dependent Restrictions:  

- 
SELF-CONTAINED'': 

Other Code» Required (name, purpose): 

ESTIMATE OF RESOURCES REQUIRED FOR R 

Core Size jOctal Word«) 

UNS: 

Execution Time (sec, CDC 7 >00) 

Small Job: 

Typical Job; 5  sec.   on CRAY  I 
Large Job: 

Approximate Number of FORTRAN Lines 

COMMENTS: 

5? 
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KINETICS CODE 
CODE NAME: GALERK 

1    CODE STRUCTURE 

COORDINATE SYSTEM l*J I:    NA 

Cartesian; Expanding;^ 

KINETICS GRID DIMENSIONALITY (•yj ): 

l-Ol   i-D:      V 

3-D:    

GAIN REGION SYMMETRY RESTRICTIONS: 

Gau-, \ary Along Optical Axis:  

F io\>.   Direction:   

KINETICS MODELED:    Pulsed:   CW:   

NUMERICAL SCHEME USED IN KATE 
CALCULATION iJ I: 

Explicit: 

Implicit:   

Others (specify):     Matrix   inversion 

/ 

0 

REFERENCE OF  METHOD USED: _ 
Phys.   Rev.  A   (in press)   1980 

PLASMA KINETICS MODEL 

Nl MBER OF SPECIES TREATED (specifyi 

Number of Positive 
Spec les: 

Number of Ncuativc 
Species: 

Number of Neutral 
Spec les: 

REACTION  MECHANISM MODELED (*/l: 

Primary Ionisation: [Reference) 

E-Beam: 

Self-Sustained 

U V - Initiated : 

Others  ispecilyl: 

Pitchford et al 

1 electrons 

<£ 3 

JkL 

Secondary Iomzation 

Attac hment; 

Detachment: 

Ion- Ion Retom - 
bt nation; 

CtwrgC Transfer. 

Dissoi lation/ 
Ret on-bination; 

Others  (specify) 

Ionization 

(Reference) 

Collisional 

LASING KINETICS MODEL 

GENERAL (specifyi: 

Lasing Species:   

Number of Species:    1    pi fa^t-rnnfi 

Number of Reactions:   

Other Major Species Considered:   

IMPACT EXCITATION MODELED (»/): 

(Reference! 

Vibrational: _l  

Electronic: __|  

Others (specifyi: Rotation 

ENERGY TRANSFER  MODES MODELED (^ 

(Refe renc e | 

V-T: 

NA 

V-R 

v-v 
Others (specify l: ^  

Easing Transition;    P-Branch: 

R-Branch: 

Single Line Model |\/t: ^_^____ 

Multi-Line Model r«/|:     

Assumed Rotational Population 
Distribution State («/ I: 

Equilibrium:        __^  

Nonequilibrium; __^  

Number of Laser  Lines 
Modeled: 

Source of Rate Coefficients Used in Code.- 

LINE PROFILE MODELS <*/ 

Duppler  Broadening:  

HA 

Collisional Broadening: 

Other.- 1 specify|:   

REC1R' TLATION CONTAMINANTS 
MODE] FD f«l)l      NA 

O   • OH   :      

NO HNO 

Others (specify): 

Source of Rate Coefficients Used: 
Crossections  from Phelps   (unpublished) 

DISCHARGE POWER INPUT  MODELED (*/I 

Uniform:      V Non-Uniform:   

E-Ficld:        •' 

Others (specify):  

REFERENCE FOR REACTION MECHANISM 
AND RATES:    

OTHER UNIQUE FEATURES: 
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CODE NAME: HGX80 TECHNICAL AREA(S): Kinetics 

DEVICE COMPONENTS TREATED:        laser/discharge cavity 

PRINCIPAL PURPOSE(S|/APPLICATION(S) OF CODE: rnmpnfarirm   of    l».r/H i vr-hanr,,,   flu^ffcj^ 

in electrically excited rare-gas halide and mercury-halide lasers.  

ASSESSMENT OF CAPABILITIES: Capable of quantitative calculation of excited 
state and ion densities and electric discharge properties.  

ASSESSMENT OF LIMITATIONS: Poctrirtpr'    l-n    gpal-ially   uniform,    vnlnmp   Hnirijnat^ 

media.  

OTHER UNIQUE FEATURES: 

ORIGINATOR/KEY CONTACT: 

Name;        William  L.   Nighan 
Organization:      United  Technologies   Research Center  MS   90 

Address:       East  Hartford,   CT       06108 

Phone: (203)   727-7596 

AVAILABLE DOCUMENTATION IPlease specify, use T i  Theory, U -  User's Manual,  I. •  Listing, and 
RP -  Related  Publication): L,    Rg                          

STATUS: 

Operational Currently':  %_ 

Under Modification'':  

Pu r po s e 18 1:  

Ownership':       UTRC 

Proprietary': yes 

MACHINE/OPERATING SYSTEM (on which installed):       UNIVAC   1100/81A 

TRANSPORTABLE' yes,   FORTRAN 

Machine Dependent Restrictions: 

SELF-CONTAINED':       '*" 

Other Codes Required (name, purpose!: 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS 

Small Job: 

Typical Job 

Large Job: 

Approximate Number of FORTRAN Lines 

Core Size (Octal Words) Execution Time (sec, CDC 7600) 

55K                               approximately 10  sec 

HiOO. 
COMMENTS: »   HGX80   requires   Runge-Kutta   routine   from   Sperry's   MATHPACK 1_UTRC 

interpolation  routines   (TEBAR,   SPLEVL  and  SPLINE),   and  UTRC  code  FU79  for   the 

compit-^tion  of electron distribution functions and electron raff» m.ffLa*—t<. 
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KINETICS CODE 

CODE HAME.HGX80 

1.  CODE STRICTURE 

(. OORDINATE SYSTEM <yj )• 

Cartesian;     y        Expanding: 

KINETICS GRID DIMENSIONALITY 1^1: 

1-D: _v/_ i-D:  

3-D:    

GAIN REGION SYMMETRY RESTRICTIONS: 

Gain Varv Along Optical Axis:   

Elo\c Direction;   

KINETICS MODELED:    Pulsed:       V       CW: 

NUMERICAL SCHEME USED IN RATE 
CALCULATION <J I: 

Expllc U:   

Implicit;      V 

Others (specify):  

i-  LASING KINETICS MODEL 

GENERA l. (specify): 

Lasmg species:    rare gas/mer;ury halide 
Number of Species:   

Number of Reactions: 

REFERENCE OF METHOD USED:    Modified Runge- 
Kutta S.  Gill.   Proc.  Cambridge Philos. 
Soc.   Vol   47,   pp  96-108   (1951). 

PLASMA KINETICS MODEL 

NUMBER OF SPECIES TREAXED   specify): 

Number of Positive 
Species;  v  

Number of Negative 
Species: 2 

Numb« r ol Neutral 
Species; °  

REACTION MECHANISM MODELED (<^)s 
Primary Ionisation; (Reference) 

E-Beam: y7 

Self-Sustained:      y^ 

UV-Imtlated: 

Others ispei u\ >: 

Secondarv lontzation [Reference) 

y 
~7~ 
y 

Atla< hmeni: 

Detachment: 

Ion- [on Kos. oni - 
bination: 

Charge Transfer:    Y, 

Dissociation/ 
R ec ombination; 

Others (specify): 

Other Major Species Considered: 

IMPACT EXCITATION MODELED (^ ): 

(Reference) 

Vibrational; 1  

Electronic: y    \  

Others (specify):  ^^ 

ENERGY TRANSFER  MODES MODELED ^ 

(Refcrenc e) 

V-T: 

y 

Source of Rate Coefficients Used: 

DISCHARGE POWER INPUT  MODELED iy)l 

Uniform:      V Non-Uniform;   

F.-Field:        V_ 

V-R: _ 

V-V: _ 

Others (specifyi:  

Lasing Transition;    P-Hranch; 

R -Branch; 

Single Line Model (<^ i:   

Mult:-I inc Model <«/):     

Assumed Rotational  Population 
Distribution State i»l 1; 

Equilibrium:          

Nonequillbr lam;  

Number of Laser  Lines 
Modeled: 

Source ol Rate Coefficients  Used m Code: 

LINE PROFILE MODELS (^ I: 

Doppler Broadening;   

Collisional Broadening; 

Others (specify):   

4.  RECIRc. ULATION CONTAMINANTS 
MODELED (^)Tione 

Q_l OH   : 

NO   : UNO   : 

Others (specifyi: 

REFERENCE FOR REACTION MECHANISM 
AND RATES:       

OTHER UNIQUE FEATURES: 

Others (specifyi: 
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CODE NAME: ILLOPT TECHNICAL AREA(S): 

DEVICE COMPONENTS TREATED:      Optical   Syst-ftmB 

Optics 

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: 
Illumination evaluation and optimization. 

ASSESSMENT OF CAPABILITIES: 

Evaluates intensity patterns of very general optical systems. 

ASSESSMENT OF LIMITATIONS: 
Geometrical optics only, ray-tracing, no diffraction. 

OTHER UNIQUE FEATURES: 

ORIGINATOR/KEY CONTACT: 

Name:   Johanna Schruben 

Organiza tion:     Westingho .ise R&D Center 

Add res s Pittsburgh, PA 15235 

Phone; 412-256-3611 

AVAILABLE DOCUMENTATION (Please specify, use T =  Theory, U  s User's Manual,  L i   Listing, and 
HP -  Related Publication):  

T. P. Vogl,et al., "Semiautomatic design of illuminating systems", 
Applied Optics 11 (1972) 1087-1090. 

STATUS: 

Operational Currently'':  XQS 

Under Modification^: No  

Pu r po s e l s):  

Ownership'':     Westinqhouse 

Proprietary0: _ Yes 

MACH1NE/OPERATINC- SYSTEM (on which installed!: 

UNIVAC   1108 

TRA'.'SPCPTAIU.E" 

Machine Dependent Rest ric tions: yes 

SELF-CONTAINED': yes 

Other Codes Required (name, purpose): 

ESTIMATE OF RESOURCES REQUIRED FOR  RUNS: 

Small Job; 

Typical Job: 

Large Job: 

Approximate Number of FORTRAN Line«: 

COMMENTS:   

Core Size (Octal Words) Execution Time (sec, CDC 7600)     (UtJIVAC) 

90,000K 60 
120 
3600 
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OPTICS CODE 
CODE NAME:      ILLOPT 

1.  CODE STRUCTURE 

BASIC TYPE (^)i 

Physical Optics: 

Geometrical: 
-r 

Constant Gain:     Floating Gain:  

FLF.LD i POLARIZATION» REPRESENTATION (\/ ): / 
Scalar:  ^  

Vector: 

COORDINATE SYSTEM (J)i 

Cartesian;    • ^  

Expanding  (a pec if) 

TRANSVERSE GRID DIMENSIONALITY 
t spec if > ): 

One -Dimensional: 

Tvtc-Dimensional: z: 
F.ELD SYMMETRY RESTRICTIONS'': 

MIRROR SHAPE(S) ALLOWED iy] ] 

Square;   

Rectangular:         

Circular;   

Elliptical:   

Strip:   
/ 

A rbitrary:  V_  

CONFIGURATION FLEXIBILITY t^/ |: 

F'xed, Single Resonator Geometry: 

Fixed, Multiple Resonator Geometries: 

Modular, Multiple Resonator Geometries: 

i then idescribe):   Arbitrary 

2. PROPAGATION TECHNIQUE 
• /all that apply): 

Fresnel Integral 
A Igorithm»:   

With Kernel 
Averaging:   

Gaussian Quad - 
rature:   

Fast Fourier 
Transform (FFT):  

Fast Hankel Trans- 
form (FHT)i   

Gardener- 
Fresnel- 
Kirchhoff iGFKi:     

Others ispecifvi:    ] irace 

Finite Difference 
A Igonthms 

Method (specify): 

CONVERGENCE (^ h 

Technique: 

Power Comparison; 

Field Comparison; 

Others (specify):  

Acceleration Algorithms Used"*: 

Technique:  

MULTIPLE EIGENVALUE/EIGENVECTOR 
EXTRACTOR ALGORITHMS {J ): 

Prony;  

Others  [specify);  

5. RESONATOR  MODELING FEATURES 

GENERAL CAPABILITIES: 

Stability <J ): 

Stable Resonators: 

Unstable Resonators: 

Type i^) 

Stand mg Wave; 

Traveling Wave 
fS ing): 

Beverse 
T raveling 
Wave: _ 

Branch t^ i; 

Positive: 
Negative: 

Optical Element Models Included (*/): 

Flat Mirrors:   

Spherical Mirrors;  

Cylindrical 
Mirrors: 

Telescopes: 

Scraper Mirrors: 

Deformable Mirrors; 

Spatial Filters: 

Gratings (specify 
type): 

Other Elements 
(specify); ^  

PRINCIPAL RESONATOR GEOMETRIES 
MODELED (Please Lißt);   
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OPTICS CODE 
(Concluded) 

CODE NAME:      ILL0PT 

GAIN MODELS l^): 

Bare Cavity Only:   

Simple Saturated Gain;   

Detailed Model 15«« 
Section 3 in K inetica Cod< )  

BABE CAVITY  FIELD MODIFIER MODELS (^ ): 

Mirror Tilt: 
Mirror Decentration: 

Aber rations/Thermal 
Distortion: 

\ rbitra ry: 

Selected ispecityi; 

Reflectivity Loss: 

Output Coupler Edges 

Rolled: 

Serrated: 

Other: 

/ z 

LOADED CAVITY  FIELD MODIFIER 
MODELS iJ): 

Retractive Index 
Va nation; 

Gas Absorption; 

Overlapped Beams (for 
flux updating): 

Number i ; Overlaps 
Allowed; 

4    FAR  FIELD MODELS l^)i 

Beam Steering Ren.oval; 

Optimal Focal Search; 

Beam Quality: 

Atmosphe nc   Propagation 
Effects; 

Others;  

BEAM CONTROL SYSTEM MODELED (^ |i 

Pointer,'Tratkc r 
Subsystem;   

Beam Titter:   

Autoallgnmcnti   

Tar^ I Med«l; 
M o 11 c, n: Effect* 

OTHER  UNIQUE FEATCFES (e.g.. Beam/Mode 
Rotation, Extra-Cavitv Adaptive Optics, Multipath/ 
Parasitic  Effect, Beam piret tr,r Elements, etc.): 

63 

-  ——_^  , . 1 



w     1 

CODE NAME:      KINBOLTZ 
NA 

TECHNICAL AREA(S): Kinetics 

DEVICE COMPONENTS TREATED: _ 
PRINCIPAL PURPOSE(S)/APPLICATLON(S)OF CODE:  

Given a  set  g   reactions  and   reaction 
rates,   the  code will  compute  the   time-dependent  population   levels   ir     ppor  and 
lower  states.     A Boltzmann code   is  used  to  compute   the   reaction  rates.     /dthougn 

Is   sec   for Mercury-Xenon,   it   is   constructed   in  a  general   fashion   to"aTTLw 
[ui    Utlltff    HleJIIHjnLS . 

ASSESSMENT OF CAPABILITIES:  Very general and very modular.  If the desired reactions 
are included, and cross-sections for the gases are available, the code will 
calculate the time-dependent population levels. 

ASSESSMENT OF LIMITATIONS: NAMELlST is used for input, though this could be changed 
It is fairly fast.  For power out calculations, the user must supply the equations. 
The uudtJ LiS  basically a linear dlff. eqn. system solver. "  

OTHER UNIQUE FEATURES:  Very modular.  The Boltzmann code package and the 
integration package can be changed with a minimum of code changes.  Input Is 
checked for consistency and validity.  Output is very clear. 

ORIGINATOR/KEY CONTACT: 
Henry Happ 

Name: 
Organization:         Tetra   Corp. 

Address:     1325  San Mateo,   SE,   Albuquerque,   NM       87108 

Phone:        (505)   256-3595 
AVAILABLE DOCUMENTATION (Please specify, use T i Theory, U = User's Manual, 1. 

RP = Related Publication): 
:  Listing, and 

Kinboltz:     A Mercury-Xenon Kinetics Code   (U) 
Listings   are  available   upon   request. 

STATUS: 

Operational Currently"1 

Under Modification"5;  

Pur poser«):  

Ownerships        Ü•   S.   Government 

Proprietary"»: No 

MACHINE/OPERATING SYSTEM (on which installed):       CDC   6600   or    176 

TRANSPORTABLE"': Almost 

Machine Dependent Restrictions: Formats   are   A8   or   A10   for   Hollerith   Characters. 
NAMELIST   is   used.  

SELF-CONTAINED?: 
other codes Required (name, purpose).-      Runge-Kutta   Integrator.     Can be  supplied 

with  the package. 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Small Job: 

Typical Job: 

Large Job; 

Core Siie (Octal Word«) Execution Time (»ec, CDC 7600) 

4 5000 

Approximate Number of FORTRAN Line«:      lu00   Kinetics   +   2400   BoltZ   •   3500   lines 

COMMENTS:    
12   K  Kinetics  Code  +   32  K  Boltz 
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KINETICS CODE 
CODE NAME: KINBOLTZ 

1. CODE STRUCTURE 

COORDINATE SYSTEM [yj ): 

Cartesian:    y Expanding: 

KINETICS GRID DIMENSIONALITY [^ ): 

I-D:       V Z-D:  
3-D:   

GAIN REGION SYMMETRY RESTRICTIONS: 

Gain Vary Along Optical Axis:   

Flow Direction;   

KINETICS MODELED:    Pulsc-d: 

3.  LASING KINETICS MODEL 

GENERAL (specify): 

Lasing Species: User-defined 
Number of Species:    user-defined 
Number of Reactions:     User-defined 
Other Major Species Considered:   

/ CW: 

IMPACT EXCITATION MODELED (^ ): 

(Reference) 
NUMERICAL SCHEME USED IN KATE 
CALCULAT TION iJ I: 

U:      / ExpUc 
Implicit; __ 

Othe rs (spec 

Vlbrational: 

Electronic j 

Others (specify): 

V 
user-defined 

Thomson, REFERENCE OF METHOD USED:   
Smith  S  Davies,   "Boltz:   A  code...", 

"Computer  Phys.   Comm.,   V.ll,   p.   369-383,   1976 

2.  PLASMA  KINETICS MODEL 

Nl MBER OF SPECIES TREATED 'specify»; 

Number of  Positive 
Species; user-defined 
Number of Negative                       «                it 
S pe c ie s:   

Number of Neutral                         „             „ 
Species;   

REACTION MECHANISM MODELED l^i; 

Primary lonizatu n- (Referencel 

E-Bean: 

Self-Sustained: 

'  V -initiated: 

Others (specify): 

Secondary ionization iRciercncel 

Attachment: Userrdef ined 
Detachment; 

ENERGY TRANSFER MODES MODELED (^ I: 

(Reference) 

v-T:    \/   iuser-defined -r z V-R 

v-v 

Others (specifyh__  

Lasing Transition;    P-Branch: 

R-Branch- 
Single Line Model i\[i:   

Multi-Line Model <*/):     

Assumed Rotational Population 
Distribution State I*/ i; 

Equilibrium:          

Nonequilibnum; 

• User-defined 
/ ii              ii 

Number of Laser  Lines 
Modeled; 

Sojrce of Rate Coefficients I'sed in Code; 

LINE PROFILE MODELS (^ U 

Dumpier broadening:   

Ion- Ion Roi om- 
bination; 

Cha rg«  1 r.. iislfr; 

Dissot latiün/ 
Recombination! 
Otherf  (specify): 

Collistonal Broadpning: 

Others (specify):   

4.  RECTPCT'LATION CONTAMINANTS 
MODELED t^U 

Ov: OH..:      _ 

NO UNO 

Othc rs  (spec ifv): 

Scare• of Rate Coefficients Used:     Jhe   USef   , 

is responsible for providing the coeff jcientBErr.BENCE FOB REACTION MECHANISM 

DI9< MA ROE  POWER  INPfT MODELED i^i: " '  
Uniform-      y Non-I'niform: 

E-Fie Id:   
OTHER UNIQUE FEATURES: 

Others (iptclfy* 
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KINETIC TECHNICAL AREA(S): Kinetics CODE NAME:. 
DEVICE COMPONENTS TREATED: _ 
PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:      This  code  is used  for basic  laser 

None 

kinetics calculations for e-beain pumped lasers (it can "reat dischii^e 
lasers also). 

ASSESSMENT OF CAPABILITIES:  It performs kinetics calculations using either a 
Maxvellian electron distribution (Te computed internally) or with an electron 
distribution computed by a subroutine that solves the Boltzmann equation. 
It will also perform amplifier calculations. 

ASSESSMENT  OK LIMITATIONS: 

OTHER UNIQUE FEATURES:    
Tne  code has very extensive graphics   (some of which 

can  be  interactive)   output 

ORIGINATOR/KEY CONTACT: 
Name: W.   Lowell  Morgan 

Orj mization: Lawrence Livermore Laboratory 

Add re»S:            bOX 808,   L-472, Livermore,   CA 94505 
Phone:       (415) 522-0289 

AVAILAB 
RP 

LE DOCL'MEN 
Related  Publ 

TATION (Please 
ication):         in   q 

speiify, use T      Theory, U   -  User's 
pnr-r,il .   :.one.    I'll    orovirip 

Manual,   L -   Listing, and 
n    ri st i nn 

The  Boltzmann   solver   :' s  documented  as JILA   Information Center Report 
#19,   L'niv .  of Colorado ,   Boulder,   CO. 

STATUS: 

Operational Currently^:        yes  

Under Modification-': less   so  as  time goes on 

Pu r po 8 e i s): __ __  

Ou. nt- rship'': _ 

Proprietary'': _ 

MACHINE'OPERATING SYSTEM (on which installed): CRAY   1A 

TRANSPORTABLE perhaps 
Machine Dependent Restrictions:       core  size and  run  time,   as  the code   is optimized 

for  vector  calculations on  the CRAY  
SELF-CONTAINED' 

Other Codes Required (name, purpose): MAXRATE - uses cross-section data to create 
a table of rates vs. electron temperature. 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Small Job: 

Typical Job 

Large Job: 

Approximate Number of FORTRAN  Line« 

Core Size (Octal Word») Execution Time (sec, CDC 7600) 

120K decimal 14   sec  CRAY ^30  sec  7600* 
260K decimal 50  sec CRAY^ 12 min  7t>0ü" 

J5QQ 
COMMENTS;      *  Tne  kinetics only  takes a  few seconds,   the  remainder  is graphics 

(this   is  the  Maxwellian version)     ** This  is  the version thaVTncTudes  solution 

of   the   Boltznann eqiia<-i^n   fnr   t.1 Pi-j-rnns.  
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KINETICS CODE 
COD£ NAME:        KINETIC 

1.  CODE STRUCTURE 

COORDINATE SYSTEM {yj >: 

Cartesian; Expanding:_ 

KINETICS GRID DIMENSIONALITY (^ I: 

1-D:     \/ 1-D:  

3-D:   

GAIN REGION SYMMETRY RESTRICTIONS: 

Gam Vary AU>ng Optical Axis:   

Flow DireL tion: _ 

y c KINETICS MODELED:    Pulsed:   

NUMERICAL SCHEME USED IN RATE 
CALCULATION (J i: 

Explicit: 

Implicit; 

Others (specify): 

CW: 

z: 

REFERENCE OF METHOD USED:       Gear 

I-   PLASMA KINETICS MODEL 

NUMBER OF SPECIES TREATED lepecifyl; 

N :mber of Positive 
S pec les: 

Number of Negative 
Spec ies: 

Number of Neutral 
Spec irs: 

Arbitrary 

10 

REACTION MECHANISM MODE! ED '^' 

Primary [onizatioft; (Referenct 

E-Beam; y/{  

Self-Sustained:      \S    |  

V V-InitiateJ: \s     \ ^___ 

others ispec.iyi: fission  fragments 

Secondary Ionization iRcfcrcncel 

Attachment; » 

Detachment: 

Ion-Ion Recom- 
bination; 

f.ha r^r >n«f« 

Dis = 'u iation 
Ri-c "iiibination; 

Otheri (spccifyi 

^T ! 

y ! 

• 1 

Source of Rate Coefficient! Used: 
cross sections 

DISCHARGE POWER INPUT MODELED (^ I 

Uniform]    y        Non*t.'niformi    y 
E-Field: _ xL 
Othe rs [tpt< liv1-. 

3. LASING KINETICS MODEL we  have  studied 
GENERAL (specify): Xe   *,    KrF,    ArF, 

Lasing species:   anything;   XeF,  Xe Cl 

Number of Species: 30  
100 Number of Reactions; 

Other Major Species Considered: 

IMPACT EXCITATION MODELED (^ | 

Vibratinnal: 

Electronic • 

Others (specifyi: 

(Reference) 

• 

ENERGY TRANSFER MODES MODELED («^): 

tRefi-renc el 

V-T:        \/ | 

•: 
V-R: 

\' - V: 

Others (spec ifvl: 

Easing Transition;    P-hr.in« f • 

R -Bi aw I i 

Single Line Model i^ i: \/' 

Multi-I ine Model    %/>:   _____ 

Assumed  Rotational  Population 
Distribution State (*/ i: 

Equilibrium; V_  

N 'iieq ill ibr . Bin ; 

Number of Laser  Lines 
Modeled: 

Source r.f Hate ( <• ff ic icnts Used in Code: 

LINE PROFILE MODELS <^i 

Doppler   Broadening; 

Collisional Broadening: 

Others (specifyi:   

RE< IPCt'LATION CONTAMINANTS 
MODELED i^): none 

0„: OH..: 

NO UNO 

Other» (specify): 

REFFRENCE FOR REACTION MECHANISM 
AND RATES: 

OTHER UNIQUE FEATURES:     The code  is very 
general,   all   information concerning  specific 
problems  is  in the data  set. 
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CODE NAME:   KRF TECHNICAL AREA(S):   Kinetics 

DEVICE COMPONENTS TREATED:   
PRINCIPAL PURPOSE(S)/APPLICATION(SI OF CODE:       Modeling KRF  lasers and amplifiers. 

ASSESSMENT OF CAPABILITIES:     Handles  gas  deposition,   kinetics,   absorption,   lasinq 
in Fabry-Perot cavity.  

ASSESSMENT OF LIMITATIONS: Specific-   rnrte>   for   KRF 

OTHER UNIQUE FEATURES: 

ORIGINATOR/KEY CONTACT: 

Name:       Jeanette Betts 
Organization: TRW   DSSG 

Address:      1  Space  Park,   Redondo  Beach,   CA       9027R 

Phone.     213-536-1453 

AVAILABLE DOCUMENTATION (Please specify, use T s Theory, U = User's Manual, L = Listing and 
RP = Related Publication);              

STATUS: 

Operational Currently'': yes 

Under Modification •>i yes 

Pu r po s e 18 |:  

TRW Own« rship"> 

Proprietor/1:     yes-developed under  IRSD 
MACHINE/OPERATING SYSTEM Ion which installed);       CDC   Cyber   174 

TRANSPORTABLE': yeS 

Machine Dependent Restrictions: 

SELF-CONTAINED-":        yeS 

Other Codes Required (name, purpose): 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Core Size (Octal Word«) Execution Time (sec, CDC 7600) 

Small Job:             , FL-50500 42  sec Cyber  174 
Typical Job:         Jj 

Large Job: 

Approximate Number of FORTRAN  Lines 

^ENTS: 
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KINETICS CODE 
CODt NAME: KRF 

1. CODE STRUCTURE 

COORDINATE SYSTEM (^ ): 

Cartesian:  Expanding: 

KINETICS GRID DIMENSIONALITY (^ ): 

ID:      V l-D:   

3-D:   

GAIN REGION SYMMETRY RESTRICTIONS: 

Gain \ ary Along Optical Axis:      V^ 

F love Direction;   

KINETICS MODELED:    Pulsed:       V       CW; 

NUMERICAL SCHEME USED IN RATE 
CALCULATION ij I: 

Exphc it:   

Imulic it:  

Others  ISpecify);  

REFERENCE OF METHOD USED: 
Modified  Trainor 

PLASMA KINETICS MODEL 

NUMBER OF SPECIES TREATED [specify): 

Number uf Positive                      r 

Species:   

Numhcr of Negative 
Species: 1  

Number of Neutral 
Spec ies: 1 7 

REACTION  MECHANISM MODELED (e/lt 

Primary [onlzatloii: (Reference) 

E-Beam; V 
Self-Sustained; 

U V-Initiated: 

Others  ISpecify): 

Secondary Iomzation 

A ttac hrtient; 

Detachment: 

Ion - Ion R ec om - 
hination; 

Charge T ransfer; 

Dis soc lation/ 
M ec on.bination: 

Otht rs   ispecify): 

lltele re nee) 

Source of Rate Coefficients Used:   
literature-several   source's- 

DISCHARGE  POWER INPUT MODELED 1^ i 

Uniform:         N< >n - U niforn,;   

E-r leid I   

3-  LASING KINETICS MODEL 

GENERAL (»pecifyl: 

Lasmg Species:     KrF 
24 

"5T 
Number of Species: 

Number uf Reaction« 

Other Major Species Considered:   Ar    ,    Art* , 

F",   Ar*,   Kr*,   T2  

IMPACT EXCITATION MODELED (^ ): 

(Reference) 

Vibrational: 

Elec t ronic: 

Othe re  (spec if y ); 
zt 

ENERGY  TRANSFER  MODES MODELED tJ): 

.Referent • ) 

V- I: 

V-H:   

V-Vj __ 

Others (specify i. ^__ 

L*stng  T ransition:    P- B ran< h: 

R -Piain1.: 

Single I.me Model lyi;  

Multi-I ine  Model  i */ |:     

Assumed Rotational population 
Distribution State i*/ >: 

Equilibrium:          

Nnneq n; ihr um:  

N .mber of  Laser   Lines 
Modeled- _^_^__ 

Source of Rate Coefficients tied in Code; 

I INE  PROFILE MOPEUS    ^ 

Oupplcr Braadf-mng:   

Colhsional Broadening; 

Others (specify):   

4.  RECTHC PLAT ION CONTAM.'NANTS 
MOPE1 EP (J I: 

O*    OPx:    

NO   : HNO   : x     x     
Others  ispeclfyt:   

REFERENCE FOR REACTION MECHANISM 
AND RATES:  

OTHER UNIQUE FEATURES: 

Other« i specify) 
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r^ —,—_________ 

CODE NAME: LAGAD TECHNICAL AREA(S):       Gas Dynamics 

DEVICE COMPONENTS TREATED:   Laser Cavity - Flow Loop 

PRINCIPAL PURPOSEISI/APPLICATIONISI OF CODE:   Compute  non-steady gas dynamics 
resulting  from discharge heating  &  flow loop heat exchanger  & biower  
requirements.  

ASSESSMENT OF CAPABILITIES:   Fast  running  -  computes   initial  conditions  using 
shock  tube  theory & wave propagation by method of  characteristics.  

A_SE_sM_..i Oi LIMITATION,:   Constant gas properties,   i.e.   Cp,   Cv,   ~j 

OTHER UNIQUE FEATURES:     Calromp  Plot of  Wave  Diagram 

OR IG IN A rOR/KE V CONTACT: 

N-iinc-  Martin J. Pechersky 
Organization:   Westinqhouse  R&D Center  
Aa::,.„:    1310  Beulah  Road,   Pgh,   PA       15235 

P'r.r.re:       412-256-7353 

AVAILABLE DOCUMENTATION    Please specify, .:se T      Theory, V      '  r.cr's Manual,  1. •   Listing, ,,,-id 
RP      Related publication- 

Listing is proprietary, no other documentation 

sTA fCSt 

Operational Currently >• 

Under Modification 
:"i*-i'.sp'si: 

Yes 

O-A r.ershi L'   : 

[-roprtetary'J 

Westinqhouse 

  
MAC MINE'OPERATING SYSTEM .on »huh installed!:       UNIVAC-1108 

TRANSPORTABLE''!      yes 
Macr.ine Depende:-.* Restriction,: 

SELF-CONTAINED?:      Yes 
Other Codes Required inanie, purpose): 

ESTIMATE 01   RESOURCES REGUIREP FOP  Kl NS: 

f    r.' Size ipi,tal Words'      I       Execution Time [sec, CDC 7600) 

Stni il Job: 

Typical Job: 22411 

Larae Job: 

17 sec - UNIVAC-1108 

Approximate Number of FORTRAN' ;.me-:_ 

COMMENTS:  

800 
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GAS DYNAMICS CODE 

CODE NAME: 
LAGAD 

1. CODE STRICTURE 

COORDINATE SYSTEM (•}) ): 

Cartesian:      y Expanding: _ 

FLUID GRID DIMENSIONALITY [J J 

1-D: \/ 

Z-D:   

3-D:   

Time Dependent:   

FLOW FIELD MODELED (^): 

Compressible Flow:  v 

Incompressible:   

Viscous Flow: 

BASIC MODELING.APPROACH {yj ): 

Algebraic:      y Integral Method:   

Finite Difference:   

Others [specify):    Method  of   Charistics 

REFF.RF.NCE FOR APPROACH USED:  

Text's of Shapiro & Rudinqer 

i. GAS DYNAMICS MODEL FEATURES: 

GAS SUPPLY MODELED   V >! 

Mixture Preparation:   

Mixture Injection:   

Nozzles:  

FIUM  Plates: 

Others (specify): 

CAVITY  INITIAL CONDITION DETERMINED 
BY I specify i :__Cod£  

3. EXHAUST RECIRC U1.ATION MODEL 

GENERAL SYSTEM MODELED (^ ); 

Open System: ___^_   Closed System; 

Closed Cycle:     V 

EXHAUST SYSTEM FEATURES i^ 

Pr> ssurc Recovery;   

Ejector System: 

Compres so r/Fan; 

Heat Exchanger; 

Gas Make-Up: 

Others ispcciiyi:  

V 
z_ 
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DECONTAMINATION METHOD TREATED <^(: 

Scrubber:   

Shower:   

Catalytic Reactor:          

Others (specify):   

4. ACOUSTIC ATTENUATION MODEL 

GENERAL FEATURES MODELED (^ ): 

Single Pulse:     \/      Repetitive  Pulse: 

DIMENSIONALITY TREATED (^ ): 

1-D:     y/      l-D:  3-D:  

Time-Dependent;   

DISTURBANCE MODELED C^l: 

Pressure Wave:     y Entropy Wave:   

others (specifyi:    Hot  qas  clearing* 

WAVE  PROPAGATION TREATMENT  (J) 

Linear Wave: 

Nonlinear Wave; \/ 

Others    specifyi: 

THEORETICAL BASIS: (Reference! 

NUMERICAL METHODOLOGY:  .Reference, 

ACOUSTIC ATTENUATORS CONSIDERED (^ I: 

Muffler:   Heat Exchanger;   

Horn; Porous Wall: 

Others (spec ify i 

'->.  MODEL EFFECTS ON OPTICAL MODES DUE 
TO (^)i 

Index of Refraction Variation^: 

Other (specify); 

OTHER  UNIQUE FEATURES: 

•Auxiliary code to compute 
in flow acoustic damping 



• • 
"      

CODE NAME:. LASER TECHNICAL AREA(S): Kinetics 
DEVICE COMPONENTS TREA TED:  Laser Cavity 
PRINCIPAL PURPOSEIS)/APPLICATION(S) OF CODE 

analysis.  Coupled system of molecular kinetics, plasma kinetics. 

General laser kinetics synthesis and 

terr.al discharge • 

circuit, and optical radiative extraction for a spatially homogeneous medium. 

Applicable to a broad class of transient, electrically excited lagc-r systems. 

User-oriented, flexible input/output structure, well documented. 

ASSESSMENT OF CAPABILITIES:  This code synthesizes, from an arbitrary list of 
molecular kinetics reactions and species, a completely coupled laser kinetics 

analysis .  Molecular kinetics subroutines tor an arbitrary reaction scneme 
are translated automatically Into KUKTKAN Source code and  coupled to plasma kinetics. 

Applicable to transient analysis of electrically excited uptifdl fluids, etc.  
ASSESSMENT OF LIMITATIONS:  
laser system.  Developed in connection with rare gas halide excimer lasers 
(e.g. KrF).  Capability is quite comprehensive and general. 

OTHER UNIQUE FEATURES: Program automatically synthesizes its own molecular kinetics 

source code for execution.  Secondary electron collisions are automatically linked 
to electron kinetics analysis provided by numerical solution of Boltzmann equation. 

Boltzmann analysis containssuj,erelastic/electvon-electron/inelastic/mom.transfer. 

ORIGINATOR/KEY CONTACT: 

Name-, William B. Lacina  

Organization:     Northrop Research & Technology Center 
Address        0ne  Research  Park,   Palos Verdes  Peninsula,   CA       90274 
phone: (?1t)    t77-4R11    pyf.    7fi?  

AVAILABLE DOCUMENTATION (Please- specify, use T -  Theory. U  a User's Manual. I. -  Listing, and 
RP -.  Related Pubhcationi:  "Theoretical Modelling of Molecular and Electron Kinetic 

Processes, Vol. I:  Theoretical Formulation of Analysis and Description of 
Computer Programs.  Vol. II: Fortran Conpntcr  Program  Listings, " Northrop 

Rept. #HRTC-79-7R, January 1979. (T,U,L)     

STATUS: 
Operational Currently 

Under Modification"1: 

Purposclsl: 

yes 

Modifications by other users may be in progress. 

Ownership»;  Horthrop Research & Tech./William B. Lacina 

Proprietary >: Public Domain  

MACHINE/OPERATING SYSTEM (on which installed):       CDC   6600 

TRANSPORTABLE'':    yes 

Machine Dependent Restriction»; Yes    (^DC   word    Size) 

SELF-CONTAINED': yes 
Other Codes Required (name, purpose): 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 
Core Si?e (Octal Word»)     I      Execution Time (»ec, CDC 7600) 

Small Job:        I            

Typical Job: 200,000  
Large Job:   

Approximate Number of FORTRAN Line«:           6,000 

COMMENTS:  
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KINETICS CODE 
CODL NAME: LASER 

1. CODE STRUCTURE 

COORDINATE SYSTEM (^ ): 

Cartesian:       NA    Expanding: 

3-  LASING KINETICS MODEL 

GENERAL (specifyl: 

Lasing Species: 

KINETICS GRID DIMENSIONALITY i^l: 

1-D:      V 2-Di   
3-D:   

HAIN REGION SYMMETRY RESTRICTIONS: 

Gam \ary Along Optical Axis:       no 

Flou Direction: 

KINETICS MODELED:    Pulsed: CW: 

NUMERICAL SCHEME USED IN RATE 
CALCULATION iJ I: 

Explicit:     V 

Implicit;    s/ 

others ispi-iiivi:    rate constants  from input, 

and  from Boltzmann plasma calculations. 

BEI ERENCE OF METHOD USED: 

PLASMA KINETICS MODEL 

NUMBER OF SPECIES TREATED (specify): 

Number of Positive 
Spec les: 

\'umbc:r o! Negative 
Spec les: 

Number of Ne .it ral 
Spei les: 

.iir-b. 

arb. 

arb. 

REACTION MECHANISM MODELED I ^ I 

Primarv [omzation; 

E-Beam; 

Self-Sustained: 

!'\ -Initiated: 

Others <spei ify): 

/ 
(R eie r en< e 

• 
s/ 
reasonably  arbitrary. 

Secondary lomzation (Reference* 

Attachment: V        ,  

Detachrnent: <S 

• 
• 

Ion - Ion Hcc om- 
blnal am; 

I  ba rgr   "I r.iriHtri :   _ 

Dissociation/ / 
ft CM on tbin»I toft] 

Other« (specify)! __ 

ONE 

Number of Species; arbitrary 

Number oi Reactions:    arbitrary 

Other Major Species Considered:   

IMPACT EXCITATION MODELED (^ | 

Vibrational; 

Electronic: 

Others  (specify): 

tReference) 

v/ I 
V 

Souri <• D! Rate C'oeffii icnts Used: 

miscellaneous 

DISCHARGE  POWEF INPUT MODELED(^1 
v N( n-l niforrti; Uniform; 

E-l -it-ld: 

Oth« r i f i : • < • If y 1 
JZ. 

ENERGY  TRANSFER  MODES MODELED <^ 

i Refe rente I 

V- i : 

V - R:   

V-V- _ 

Others (specify):  

Lasing Transition;    P-Branch: 

R -Branch; 

Single Line Model \y ):   

Multi-1 ine Model i%/|:    

Assumed Rotational Population 
Distribution State tyl I: 

Equilibriuti.:   

Nonequilibrtum:  

;. ;:r,br r of Laser   Lines 
Modeled: 

Source of Rate Coefficients Used in Code: 

LINE PROFiLF MOnElS !^>: 

Dopplet- Broadening:  

Collisional Broadening: 

Others /specify):   

4. REOIRC:   l.ATION CONTAMINANTS 
MODELED rJf);     none 

o • op  i 
NO UNO..: 

Others (specify): 

REFERENCE FOP REACTION MECHANISM 
AND RATES.      

OTHER  UNIQUE FEATURES: 
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COOK NAME: LASIM  

DEVICE COMPONENTS TREATED:   

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: 

TECHNICAL AREA(S): Kinetics 

Simulation of UV  initiated,   self-sustained discharge  - pumped  XeF   lasers. 

ASSESSMENT OF CAPABILITIES: 

Predicts.discharge & laser operation - physical description of experimental 
system is used.  Circuit - discharge interaction is modeled. 

ASSESSMENT OF LIMITATIONS: 

Spatially uniform plasma/laser model. 

OTHER UNIQUE FEATURES: 

ORIGINATOR/KEY CONTACT: 

Name: L.E.    Kline 

AVA 

,   RP 

Org 

Add 

Pho 

LAB 
RP 

f              1 

amiaticm:     Westinghouse  R&D 
ress:      1310  Beulah  Road,   Pittsbui :gh, PA 15235 

ne:     412-256-7552 
LE DOCUMENTATION (Please specify, use 
-  Related  Publication): 

T -. Theory, U      User i Manual,  I , ;   Listing, and 

L Formation,  Quenching  & Absorbition Processes  in Self-Sustained 
Discharge Pumped XeF Laser"  L.E !U ine, L.J.   Denes, S.   G .   Leslie 
and  R.R.   Mitchell.     Proc.   Int'l Conf.on Lasers 1978 Orl anäo,   FL (RP) 

STATUS: 

Operational Currently : 

Under Modification'':  

Purpose! s I:  

Ovi ne rship°: 

Proprietary'': 

Gov't contract 
No 

MACHINE'OPERATING SYSTEM mn *hich installed) UNIVAC-1100 

TRANSPOPTAPLE
0 Yes 

Macrine Dependent Restrictions: 

SELF-CONTAINED0: 

Other Codes Required (name, purpose):        Boltzman  Solver  is  required   to  calculate 

electron excitation  rates vs.  E/P 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Core Site (Octal Words) E xecution Time (sec CDC 7600) 

Small Job: 

Typical Job: -^-10K •^10  sec 
Large Job: 

Approximate Number of FORTRAN  Line« 600 

•tENTS: 
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KINETICS CODE 
CODE NAME: LASIM 

1. CODE STRUCTURE 

COORDINATE SYSTEM (^ ): 

Cartesian:     V        Expanding:_ 

KINETICS GRID DIMENSIONALITY 1^1: 

1-D:   i-D:   

J-0:          0-D   X 
GAIN REGION SYMMETRY RESTRICTIONS: 

Gau-, \arv Along Optics] Axis: No 

i- lo\c  Direction;        KO 

KINETICS MODELED:    Pulsed;      V CW: _ 

Nl'MERlCAL SCHEME USED IN RATE 
CALCULATION i^ I: 

r.xpiic it:      V 

In pliclt;   

*ers (specify): 

REFERENCE OF METHOD L/SED: 

I.  PLASMA KINETICS MODEL 

NUMBER OF SPEC IES   TREATED Ispecify): 

N-irr.ber of Positive 
Species: 2  

i   imbe r oi Negativi                          0 

Species:  

Number oi Neutral 
Species: ;  

REACTION  MECHANISM MODELED (^/>: 

I :.:...•.!'.  [onization; iReference) 

I -Beam: |   

Self-Sustained:   _>/ 

' \ -initiated:        y 

Others (specify l: 

S« i  »nda ry l< 'P.iz.it Ion 

A tta< hmenl: 

Detachment: 

U n- Ion Rec om- 
bination: 

barge   Cr.in  ferj 

... i.it u n ' 

.n.binatton: 

Other! [spec ifyi: 

• 
iRefei en< e) 

ITC« <>t  Kdtt- C !o*fft< tents  Used: 

DIS< HAS   ,r   POWER INPU1 MODELED («/), 

Umlormj      y        Non-1 niiormi   

E-FUIdi   

rt  i5pctii>i: _  

3.  LASING KINETICS MODEL 

GENERAL (specify); 

Lasing Species:  1_ 

Number of Species: 
20 Number of Reactions: 

Other Major Species Considered: 

IMPACT EXCITATION MODELED (^ ): 

(Reference) 

Vlbrational; 

Electronic: 

Others (specify.: 
z 

ENERGY  TRANSFER  MODES MODELED i^ 

i Referenc e i 

V-T: 

V - K :   

Y - V :   

Others (specify): 

Lasing Transition;   P-Branch; 

R -E ram h; 

Single Line Model i\ I:  y/ 

Multi-Fine Modi! l«/)i     

Assumed Rotational Population 
Distribution State i»/ I; 

E<)Ullibriurv.:  ^___ 

Nonequiilhr rim:  

Number of Laser Lines 
Modeled: 1 

Source of Rate Coefficients Used in Code: 

I.INF  PROFILE MODE1.S ' ij 

Doppler Broadening: _ 

Collisional Broadening: 

Others (specify):   

•1.  RECIRC'LATION CONTAMINANTS 
MODELED [J\:   None 

O,.: OH   :   

NO   : UNO   : 

Others (»pec ify>: 

REFERENCE FOR  REACTION MECHANISM 
AND RATES:    Kline  et  al.,   Proc  Laser   '78 

OTHER FNIQl'E FEATURES: 
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^ 1 
CODE NAME: M°C  

DEVICE COMPONENTS TREATED:       Cavity 

TECHNICAL AREA(S):   Gas Dynamics 

PRINCIPAL PLRPOSE(S)/APPLICATION(S) OF CODE:  Computes the transient flow associated 
with sudden energy deposition that is characteristic of pulsed ;...jer operation. 

ASSESSMENT OF CAPABILITIES: 

ASSESSMENT OF  LIMITATIONS: 
not modeled. 

Shock wave   interaction with   solid  boundaries 

OTHER UNIQUE FEATURES: 

0P:GINAI0R/KEY CONTACT: 

Name:     C.   C.   Shih  and  G.   R.   Karr 

Organization:       Mech.   Eng.   Dept.,   Univ.   of  Ala.   in  Huntsville 

Address:      Huntsville,   AL        35809 

Phone:      (205)    895-0330,    (205)   895-6075 

AVAiLABLE DOCUMENTATION (Please specify, use T =  Theory. I'      Users Manual,  L =   Listing, and 
RP -. Related publication;: C. C. Shih, G. P-. Karr, J. F. Perkins, Investigation 

of Transient Flow and Heating Problems Characteristics of High Energy Laser 
Gas Circulation Systems, UAH Research Retort No. 219, "arch 1979. 

STATUS: 

Operational Currently 

under Modification?: 

Pu r r>. • s e' s): 

X 

Intend to look at wave interaction with acoustic attenuators 

Ownership0: 

Proprietary' 

UAH 

MACHINE/OPERATING SYSTEM ion which installed!:       UlilVAC    1108 

TRANSPORTABLE0 

Machine "dependent Restrictions: none 

SELF-CONTAINED^:      "ts 

Other Codes Required (name, purpose): 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Core Si7e (Octal Words)      I       Execution Time (sec, CDC 7600) 

Sniail Job:   

Typical Job:        

Large Job:   

Approximate Number of FORTRAN  Lines: 

COMMENTS  

>rder of  100  sec. 
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GAS DYNAMICS CODE 

CODE NAME: MOC 

1. CODE STRICTURE 

COORDINATE SYSTEM (^ ): 

Cartesian:      V^        Expanding: 

FLUID GRID DIMENSIONALITY  '^ )s 

1-D: y/ 

Z-D:   

3-D: 

T imc Depends tit« y 

y 
FLOW FIELD MODELED (^ ): 

Compressible Flow: 

incompressible:   

V ist cms  F low :                                        y 

No Flow;  

BASIC MODELING APPROACH (^>: 

Algebra a •      "V Integral Method: 

Finite Diiierence: 

Othe rs    ^ pe< .:. i: 

RFFERE:1 

of 
I OR APPROACH 
Characterist 

USED: 

Method ics 

GAS DYNAMICS  MODEL FEATURES: 

GAS SUPPLY  MODELED   V,: 

V Mixture Preparation; 

Mixture  Injection;   

Nuzzles:   

Flow   Plates:        

Others    specify \ 

CAVITY  INITIAL t/ONDlTlON DETERMINED 
BY (specif  ;       given ^^ 

V EXHAUST REC1RC ULATION MOL!.; 

GENERAL SYSIEM MODELED 1^1; 

Open System:      V 

Closed C \ cle;   

EXHAUST SYSTEM FEATURES i^ 1 

Press Li re B 11 ove ry; 

Ejec tor S » stem: 

Compress   r   '  mj 

He.it   EX< ha ._«. r: 

Gas  Ma <e ~ V p: 

I >thei i    -   i i .i\»:              

Closed System; 

v 

DECONTAMINATION METHOD TREATED (•J): 

Scrubber:   

Shower;   

Catalytic Reactor:   

Others (specify): _^  

ACOUSTIC ATTENUATION MODEL 

GENERAL FEATURES MODELED 1^1: 

Single Pulse:     y        Repetitive  Pulse: 

DIMENSIONALITY TREATED f«/)5 

1-D:     \/       ^-D: 3-D:  

Time-Dependent;       \/^ 

DISTURBANCE MODELED (^1: 

Pressure Wave:       v        Entropy Wave:   y 

Others ispei ify):   

WAVF  PROPAGATION TREATMENT 

Linear Wave: V 

Nonlinea r Wave: 

Othe r s    spec ify): 
j/_ 

THEORETIC AI BASIS:  (Reference! 
Method  of Characteristics 

NUMER iCAL K FTHODOLOGY: (Reference) 

Finite  Di fference 

ACOUSTIC ATTENUATORS CONSIDERED "^ 

Muffler:   Heat Exchanger;   

Horn:          Porous Wall: 

Other s 'spec ifv i: none 

5.  MODEL EFFECTS ON OPTICAL MODES D'  1 
TO (^1: 

Index of Refraction Variation^: 

other ispecifyi:   Fractional density 
gradient   (Af /c)  

OTHER  UNIQUE FEATURES: 
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NRL Laser Kinetics 
CODE NAME: Code (Unofficial) TECHNICAL AREA(S): Kinetics 

DEVICE COMPONENTS TREATED:  Laser Cavity; Chemical Kinetics electrical circuit; 

PRINCIPAL PURPOSEIS)/APPLICATION(S) OF CODE: /electron '-.inetics 
Modeling of a variety of high power gas lasers.  Mostly rare ga- halide: . 
Some non-lasing applications such as modeling of absorption in""puri "rare 
gases and isotope separation kinetics. 

ASSESSMENT OF CAPABILITIES: Highly flexible;  Has been easily adapted to a wide 
variety of physical systems.  Easily portable from one computer to another. 
No convergence problems with chemical kinetics integrator.  Coupled external 
circuit. 

ASSESSMENT OF LIMITATIONS:  Spatially homogeneous (zero-dimensional) approximation 
for kinetics.  E-beam ionization rate provided as external waveform. 
Secondary electron kinetics (time-dependent). 

OTHER UNIQUE FEATURES: Reaction scheme specified using symbolic names for 
reactants and products.  Output provides detailed and useful description 
of kinetics and lasing.   

ORIGINATOR/KEY CONTACT: 
Name;     Louis J. Palumbo 
Organization;   Laser Physics Branch,   Code  6540 
Address-      Naval   Kesearch  Laboratory,   Washington,   DC       2Ü3/b 

Phone: TZGT} 767-2255 

AVAILABLE DOCUMENTATION (Please specify, use T -   Theory, U  -   User's Manual,  L =   I.istino., and 
RP - Related Publication):  

(T, RP):  T. H. Johnson, L.J. Palumbo and A.". Hunter, II, "Kinetics Simulatior 
 of High-Power Gas Lasers", IEEE J. C^ant. Electron., Vol. £E-157 

No. 5, pp. 289-301, (May 1979). 
(LF!  Originator supplies listings and tape copies on request. (Listing is 

well commented) (SEE ATTACHED SHEET)  

STATUS: 

Operational Currently > 
Under Modification9:  

Pur DO sei s 

Yes (several versions) 
yes 

Modifications are underway to make code more user oriented 

and to make more efficient use of computer memory. 

Ownership":  No (developed on U.S. Gov't time-available to public)  
Proprietary": No (earlier versions have been sent to private industrial labs 

MACHINE/OPERATING SYSTEM (on which metalled):   Texas Instruments - Advanced Scientific 
Computer (ASC).  Also was successf;lly adapted to IBM-370. 

TR ANSPOR TA BLE?:  Rgsnnahl y  
Machine Dependent Restriction»:     Some  versions  contain  ENCODE/DECODE   statements, 

these are  currently being  replaced.     Code  is more efficient on a vectorizing 
SELF-CONTAINED":   Yes 

Other Codes  Required (name, purpose): 

/ Fortran compiler. 
None 

ESTIMATE OF RESOURCES REQUIRED FOR  RUNS: 

Small Job: 

Typical Job: 

Large Job: 

Approximate Number of FORTRAN  I 'ne»; 

Core Size (Octal Words) Execution Time (sec CDC 7600) 

•^^90,000   32-bit  wore Is 60 
150,000    120 

^250,000  "       "       " 600 
6000 

COMMENTS: Very simple time-dependent lasing computation for a Fabry-Perot 
cavity using constant gain, geometric optics. 
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AVAILABLE DOCUMENTATION con't: CODE NAME:NRL Laser Kinetics Code 

(U, L):  Being written - will be published as an NRL Memorandum Report 
by L. J. Palumbo (early 1981) (perhaps a series of memo reports). 

(RP):  Several papers involving interpretation of experimental results using 
a model published mostly in Appl. Phys. Lett. 1977-1980. 

I1) 

* 
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KINETICS CODE 
CODE NAME:    NRL LASER 

1. CODE STRUCTURE 

COORDINATE SYSTEM (^ ): 

Cartesian: Expanding:_ 

•Spatially homogeneous   (Zero-D) 

KINETICS GRIP DIMENSIONALITY (yj ): 

ID:      V/   *\      2-Di  

3-D:  'spatii 
GAIN REGION SYMMETRY  RESTRICTIONS: 

Gau-. Vary Along Optical Axis: (sometimes) 

Flo»  Direction;      DO   flOW 

s/ 

3- LASING KINETICS MODEL 

GENERAL (specify): 

Lasing Species:   

KINETICS MODELED:    Pulsed: CW: 

NUMERICAL SCHEME USED IN RATE 
CALCULATION ^ ); 

Explicit:     \/ 

Implicit;   

Others opt < :fy.;    Runqp-Kutta-Treanor 
Method   for   stiff diff.   eq.s 

REFERE NCE OF 
Compat 

METHOD 
.   Vol. 

USED: 
20,    p 

C .E.   Trea 
Math. •l<i (1966) 

0-15   typical 

PLASMA KINETICS MODEL 

NUMBER OF SPECIES TREATED (specify) 

Number of Positive 
Spec ies: 

Number of Negative 
Spec ies: 

Number of Neutral 
Species: 5-50   typical 

REACTION  MECHANISM  MOI'EI ED (J)• 

Primary Eonizatiofl:        .    (Reference: 

0-5  typical 

F-Bejl:i: 

Self-.S istamed: 

•   V -Initiated: 

Others tspecifyi: 
f 

external waveform for 
/ionization rate 

E-beam sustained as well 
as pure e-beam pumpted» 

Sttondarv I'-mzalion 

A ttat hnipni; 

Detachment: 

Ion-Ion Ro<. om- 
bination; 

< ha rgf   1 r,i nstr r 

Disä>><. lation/ 
R ec cn.hiJ.a lion-. 

Other!   (specify): 

V 
illcf c rcncc) 

V 

y 
y i 
• 

• 
Number of Species:         10-S0   t-ypic-al 

Number of Reactions:   10-200   typical 

Other  Ma^or Species Considered:   

IMPACT EXCITATION MODELED /^ \\ 

(Reference» 

Yibrational; V^ | 

Electronic: 

Others  (specify): 
±/A 

ENERGY TRANSFER  MODES MODELED t^ ): 

i Reference» 

V-T:      y/. 
y/  »unusually  small   tor 
/   Jtne  systems modeled 

Branch: 

Branch: 

J/ 

V-R 

V -V 

Others (specify);  

L&sing Transit ton;    P- 

R • 

Single Line Model (y | 

Multi-Line Model iWt 

Assumed Rotational Population 
Distribution State <*/ i: 

Equilibrium: y   

Nunrqui) tbr umi; 

Number of Laser ^ iu.a* 
Modeled: 1   or 

Sou re t 

VL 

of Pate Coefficients Used in Code: 

mostly open  literature  

LINE PROFILE MODEI.S |W): 

Dopplev  Broadening: none       

Collisional Broadening: 

Others (specify):   

RECIFCTLATION CONTAMINANTS 
MODELED ty>i    none 

0„: OH   : 

NO UNO 

Others Ispecify)- 

Smirre of Rate Coelin lents Used: 
mostly open  literature 

DLS( HARGE  POWEF tNPUl MODELED (^)l 

L'ni(orni:      V Nun-Uniform; 

F-f ield;       \/ 

external  circuit 

REFERENCE FOR REACTION MECHANISM 
AND RATES:  

OTHER UNIQUE FEATURES: 

Others (specify» 

coupled to kinetics. 
Electron kinetics are modeled either by 

solving the steady state Boltzmann 
transport equation or by a time-dependent but greatly simplified rate-equation method. 
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CODE NAME; OPTEX TECHNICAL AREA(S): Kinetics 
DEVICE COMPONENTS TREATED:   Laser Cavity 
PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: The lasing outputs for the 10>tm P(14) 
and P(18) lines are predicted as a function of the individual cavity lengths 
for a pulsed TEA laser 

ASSESSMENT OF CAPABILITIES:   The ratio of energies contained in the two 
transitions was verified experimentally. 

ASSESSMENT OF LIMITATIONS.-  The predicted pulse shapes are questionable, 

OTHER UNIQUE FEATURES: A Gaussian mode pattern was used instead of a plane wave. 

ORIGINATOR/KEY CONTACT: 

Name-.   Dennis Suhre 
Organisation-,       Westinghouse Research 

Address:        1310  Beulah  Road,   Pittsburqh, PA 15235 

Phone:          412-256-7353 
AVAILABLE DOCUMENTATION (Please 

RP = Related Publication): 
specify, use T -  Th eory, I • = I s e r' s Manual L =  Listing, and 

T: D.R.   Suhre.   "Analysis  of a Multiple Wavelenath CO. Laser, n Westinqhouse 
Report   80-1C2-OPTEX-P1,   . lay  1980. 

2 

STATUS: 

Operational Currently'':        No 

Under Modification-: No 

Pu r po 3 e I s 1: ___ 

Ownership'':   Westinghouse 
Proprietary: Yes 

MACHINE/OPERATING SYSTEM (on which installed):      UNIVAC   1100 

TRANSPORTABLE?: Yes 
Machine Dependent Restrictions: 

SELF-CONTAINED'': 

Other Code« Required (name, purpose): Hone 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Small Job: 

Typical Job: 

Large Job: 

Approximate Number of FORTRAN  Line»;          150 

COMMENTS-'   

Core Size (Octal Words) Execution Time (sec, CDC 7600)    (UNIVAC   1100) 

5 

10 

resonable 20 
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KINETICS CODE 
CODE NAME:  OPTEX 

1. CODE STRUCTURE 

COORDINATE SYSTEM (^ ): 

Cartesian; Expanding:    y 

KINETICS GRID DIMENSIONALITY (yj ): 

1-D:   Z-D;       V 
3-D:   

GAIN REGION SYMMETRY RESTRICTIONS: 

Gam Vary Along Optical Axis:  

Flow Direction:   

KINETICS MODELED:    Pulsed: V CW: 

•MERICAL SCHEME USED IN RATE 
CALCULATION («/ I: CALCULATION tJ | 

Explicit:       V 

Implicit:   

Others ispcc M: 

IEEE   J. REFERENCE OK METHOD USED: 

Quant. Electron. QE-9, 139 (1973) 

PLASMA KINETICS MODEL 

•     MBEB OF SPECIES TREATED (specify): 

Number of Positive 
Species:  0  

Number of Negative 
Spec les." 

Number of Neutr&l 
S pec ies: 

0 

REACTION MECHANISM MODELED (^.: 

Primary lomration; (Reference] 

E-Beam:   

Self-sustained: 

r V -Initiated: 

Others (spec tfyl: 

Secondary lonizatinn 

Attachment; 

Detachment: 

Ion-Inn Recom- 
bination; 

<  ha rge  1 rant ft r. 

DIBSOC lation/ 
Recombination: 

Other I  (specify): 

tRcfc rente I 

Source of Rate Coefficients Used; 

DISCHARGE POWER  INPUT MODELED (^1 

Uniform:      y   _      Non-Uniform:   

E-Field:   

Others Ispec if y \\ 

3.  LASING KINETICS MODEL 

GENERAL (specify); 

Lasing Species:  CO2 

Number of Species:      3    (C02'    N2'    He* 

Number of Reactions:   

Other Major Species Considered:   

IMPACT EXCITATION MODELED (^ 

Vibrationa I: 

Electronic: 

Others (specify): 

(Refe rence) 
/     Sov.   J.   Quantum 

I   r^1Prrrun.4f   843 

____ (197 

ENERGY  TRANSFER  MODES MODELED   ^ ): 

V-T 

V-R 

Y-V 

i R e fcrence)   „ _ 
z  IEEE J. Quant. Electron. 

V        OE-9, 139 (1973)  

z_ IEEE J. yuant. t'lectron. 
QE 9,-^-39 (1973) - 

Others (specllyl: 

Lasing  Transition:    P-Branch; 

R -Branch; 

Single Line Model ^ >:   

Multi-Line Model («/)• V 

\/ 

Assumed  Rotational  population 
Distribution State (*/ l: 

Equilibrium: y  

Nonequil ihr 1 um:  

Number of Laser  Lines 
Modeled: 2 

Source of Rate Coefficients Used in Code: 
Rev.   Mod.   Phys.  41,   26   (1969) 

LINE PROFILE MODELS (^ ): 

Doppler Broadening;   

Collisional Broadening; 

Others (specify):   

^ 

4.  REC1RCU LATION CONTAMINANTS 
MODELED (W):   None 

Ov: OH   :   

NO HNO 

Others ispecifyl: 

REFERENCE FOR REACTION MECHANISM 
AND RATES:       

OTHER UNIQUE FEATURES: 
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POSEIDON* TECHNICAL. AREA(s):  Gas Dynamics CODE NAME:. 
DEVICE COMPONENTS TREATED:     Laser Cavity;   Acoustic Attenuation Subsystem  
PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:    The code  is used to model one-dimensional 
flow and acoustics  in  the  laser  cavity and  the acoustic attenuation  subsystem.     This 
is used to predict recovery time of the medium 
specified homegeneity 

within the laser cavity to a 
A two-dimensional version also exists. 

ASSESSMENT OF CAPABILITIES: The code has demonstrated stable and accurate numerical 
solutions to unsteady flow problems characterized by both strong shock waves and 
weak acoustic level waves with extremely small numerical diffusion (no artifical 
viscosity is required) . 

ASSESSMENT OF LIMITATIONS: Rnnndary laypr phpnnmpna arP not, simulated and two- 

dimensional version has high noise floor.  

OTHER UNIQUE FEATURES: Any type of gas at any temperature may be employed.  Any 
number of repetitive pulses may be specified.  System geometry may be altered 
at will.  The code incoporates:  compressibility, nonlinearity, heat transfer, 
bulk resistance, and mass transport through the side walls.  Reflections ott of 
-„„-„.•,.•7-•/^,:•„ ^-^.x»^-T /a sudden expansion downstream ot the laser cavitv incorporate OR IGINATOR/KE Y CONTACT: ' 

/two-dimensional gas dynamics to account for the shape of the 
Name: James H. Morri %  /openini 
Organization; Pn^piHnn    Rpwarnh  

Address: äSSfl  Owensmouth  Avenue,   Chat.jworth.   CA 
Phone: (213)     341-9172  

91311 

AVAILABLE DOCUMENTATION (Please specify, use T --   Theory, U  = User's Manual,  L --   Listing,, and 
Poseidon Research Reports: «8, 116, «21, *22, »32 RP -  Related Publication): 

RP = Boris, J.P. and Book, D. L. 1971 rlux Corrected Trans;x>rt. 
I. Shasta, A Fluid Transport Algorithm That Works. 
Journal of Computational Physics 11^ pp. 38-69 (1973) 

STATUS: 
Operational Currently" 
Under Modiiication''; _ 

Purposefs):  

Ownership7: Poseidon  Research 
Propri ^tary?:      NO 

MACHINE/CPERATING SYSTEM ion which installed!:      CRAY   I 

TRANSPORTABLE?:         Yes 

Machine Dependent Restrictions: 

SELF-CONTAINED?:      Yes 
Other Codes Required (name, purpose): 

ESTIMATE OF RESOURCES REQUIRED FOR R 
Core Si« (Octal Words) 

UNS: 
Execution Time (sec, CDC 7600) 

Small Job: 

Typical Job:               200,000 20  sec,   CRAY   I 
Large Job: 

Approximate Number of FORTRAN Lines 
COMMENTS:      *Uame generated  for   id 

2000 
sntification purposes. 
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GAS DYNAMICS CODE 

CODE NAME: POSEIDON 

1. CODE STRUCTURE 

COORDINATE SYSTEM <^ ): 
Cartesian:      V Expanding: 

DIME FLUID GRID DIMENSIONALITY 

1-D: 

J.-D: 

DECONTAMINATION METHOD TREATED <^I 

Scrubber:   

Shower:   

Catalytic Reactor:   

Others tspecifyl:  »One  

)-D: 
i inn D« p« ndent / 

/ 
FLOW  FIELD MODELED (^): 

Compressible Flow: 

Incompressible]   

Viscüus Flow:   

No  Flo\\;   

BASIC MODELING APPROACH (*/}; 

Algebraic •.     Integral Method; 

F tr.it« Dvilercr.ee:  ^_  

Others (specify):     _^_____     ___ 

4. ACOUSTIC ATTENUATION MODEL 

GENERAL FEATURES MODELED (%/jj 

Single Pulse:     y        Repetitive  Pulse-.    Y 

DIMENSIONALITY   TREATED (J): 

l-D:     V Z-Y):      \f        3-D:_  

T ime -Dependent;   

DISTURBANCE MODLLED f^>: 

Pressure Wave:       y        Entropy Wave:     y 

Others  (specify»: ___ 

REFERENCE LOP APPROACH "SED: 

SHASTA Algorithm_ 
Boris & Book, J. Comp. Physiccs II, 38-69 

Z. CAS DYNAMICS  MODUL FEATURES: 

GAS SUPPLY  MODELED t^ >: 

Mixture Preparation; _ 

Mixture Infection; __ 

Nozzles: 

WAVE PROPAGATION TREATMENT <^ | 

Lmear Wave;   

Nonlinear Wave: \_  

Othors (specify); 

v- 
rHEORETICAL BASIS: (Reierencel   

Poseidon Research Report No. 16 

FIou.   Plates: 

Othc r s   specify) 
z NUMFRXAL METHODOLOGY: (Reference; 

CAVITY INITLA 
BY  (Specify.- 

CONtyTTON DETXR MINED 
Isentropic Flow relations 

and initial over-temperature distribution 

ACOUSTIC ATTENUATORS CONSIDERED   ^ i 

Muffler:     V         Heat Exchanger:      V 

Hum:       y/      Porous Wal!:       y 

Others 'specify!: ^  

3. EXHAUST Ri; '.!• :     I.\TION MODEL 

GENERAL SYSTEM MODELED i^j I; 

Open Syjte:v.;       V Closed System 
i.  MODEL EFFECTS ON OPTICAL MODES DU I 

TO (^)i 

Closed Cycle; 

84 

Index of Refraction Variation'': v 
EXHAUST SYSTEM FEATURES   ^  : Other (spectfyi; 

Pressure Rec 0V< rv: 

Ejector System: 
Compressor   j sit] 
Heat Exchsr.gsr: OTHE8  UNIQUE FEATURES: 
Gas M»ke-Up. 

Others i spt t nv |j 
ID:     Sudden  expansion boundary 

rQndit'T'r^ri 

2D;    Qyen                    ,  . 
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CODE NAME:      PSI    LASER * TECHNICAL AREA(S): Kinetics 

DEVICE COMPONENTS TREATED:       LRtev   Pairj <-y 

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:     ft series of codes  for general 
kinetic calculations, D./HC1, Kr?. Xe , Xe , KrF, CO etc.  
Calculate cavity gain and powerout for a Fabry-Perot Resonator 

ASSESSMENT OF CAPABILITIES:     One-dimensional  in  time,   and one-dimensional 
in  space.  

ASSESSMENT OF LIMITATIONS: 

OTHER UNIQUE FEATURES: Fluid Dynamics can be modeled separately.  Has been 
used for GPL and Chemical lasers.  Output can be used for amplification 
calculations. 

ORIGINATOR/KEY CONTACT: 

Name:      Paul   Lewis Q_£ Ray  L.   Taylor  

Organization:     Physical   Sciences,   Inc.   Research  and  Laser  Technology,   Ir 

Address:      30  Commerce  Way,   Woburn,   MA       01801       6  Frank  St.,   Rockport,   MA       0196? 

Phone:        (617)   933-8500 (617)   546-7798  

AVAILABLE DOCUMENTATION (Please specify, use T =  Theory, U = User's Manual,  L =  Listing, and 
RP i Related Publication):    

RP:      PSI   TR  19 

PSI   TR   182 

STATUS: 
Operational Currently 

''nder Modification?;  

Purposeipl- 

Ownership'':       PSI,    RLT 

Proprietary0: 

MACHINE/OPERATING SYSTEM ion which installed):        Prime 400 easily adaptable  to  IBM, 

CDC  
TP ANSPORTAHLE'':     

Machine Dependent Restrictions: none   known 

SELF-CONTAINED-»: 

other Codes Required (name, purpose):    Boltzmann Code.  E-Beam  source code 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Core Size (Octal Words) 

Small Job: 6OK  

Typical Job:      _^_^^__^____^_ 

Large Job:  

Execution Time (sec, CDC 7600) 

Approximate Number of FORTRAN  Lines:        1750 

COMMENTS:  

« Name generated for identification purpose. 
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KINETICS CODE 

CODE STRl'CTr; E 

COORDINATE SYSTEM iyj ): 

Cartesian:     V        Expanding:  

KINETICS GRID DIMENSIONALITY :^ \: 

1-D:      \/ 2-0!  

3-D:   

GAIN REGION SYMMETRY RESTRICTIONS: 

Gain Vary Along Optical Axis:  ^_ 

F lo\s  Direction;       V 

KINETICS MODELED:    Pulsed: •       CW:     V 

NUMERICAL SCHEME USED IN RATE 
CALCULATION tj I: 

Explicit;   / 
Implicit:      / 

Others (specify):  

REFERENCE OF METHOD USED: 

PLASMA KINETICS MODEL 

NUMBER OE SPECIES TREA1ED (specify); 

Number ol Positive 
Species:   

Number of Negative 
Species:     

Number of N< ..:ral 
Species:  _^__ 

REACTION  MFC;   V.ISM MODELED I •yj I: 

Priiii.tr>.' [onizstion; eference) 

E-Bean v 

SeU-SusUined:     V 

U V - initiated: 

Other« (spec ifv): 

Secondarv *oni7.ation Reference' 

A ttat iiftifnl: 

Detachment- 

Ion- [on Pctom- 
binat toft; 

{ h* rge T r.j nsfs i •, 

Distoc ifttioft/ 
Recombination; 

Others  mpecily): 

Y- 
• 
y 

/ 

Penning lonization 
Source of Rate Coefficients Ufci-d: __ 

Literature  

DISCHARGE POWER  INPUT MODELED |*J)g 
./ "time only) 

Other» (spri uv: 
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CODE NAME: PSI   LASEF 

3.  EASING KINETICS MODEL 

GENERAL (specify): 

Usmg species: Arbitrary 

Number of Species: Arbitrary,   typically< 

Number of Reactions:      Arbitrary 

Other Major Species Considered;      Impurities 
discharge  lasers. 

IMPACT EXCITATION MODELED l^ ): 

t Refe rence ) 

Vibrationa 1;                          %r   j 

Electronic: 

Others (specifyi:  

Rotational  
ENERGY  TRANSFER  MODES MODELED iJ • 

'Reference) 

v-T:  y 
Y-R:    

V-V:    j£ 
Others (specify):  

' asing 1 rafts it ion:    P-Branch*     y 

n -Branch;   

S  rigle  L.tne Mode. (yj; \/  

Multi-Lin* Mode! (%/j* v 

Assumed  Rotational  Population 
Distribution State f*/): 

Eqm \ l b r i ui n j _   \/_ _ 

Noneq lilibrium-  

Number o; Laser L*n^s 
Modeled: -Jticbslfasacy 

v rurce of Hate Coefficients I  sed m r ode: 
Literature 

~~ TR-182  

.""  I   PROFtUE MODELS t^ h 

• i   broadening: V 

Co     «ional Broadening: 

• fs «specify!:   

• 
Voigt 

«    REl IRCU1 A I ION CONTAM1N, NTS 
MOD:- LED I^»:      none 

.1 OH: 

NO UNO   • 

3lheri (specifyi: _ 

REFERENCE FOR REACTION MECHANISM 
AND RA TES:  

OTHER UNIQUE FEATURES: 



CODE NAME:        REDAC TECHNICAL AREA(S): 

DEVICE COMPONENTS TREATED: Pulsed Electrical Power 
PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:   model  PFN's performance. 

This  is a general purpose  circuit analysis  code.  

ASSESSMENT OF CAPABILITIES: pxrpllfint 

ASSESSMENT OF LIMITATIONS: «S   good   as   input 

OTHER UNIQUE FEATURES: 

ORIGINATOR/KEY CONTACT: 
Name:      E.  Wheatley 
Organization,-    Rocketdyne  Division  of  Rockwell,   M.S.     FA-28 
Address:      6633 Canoga Ave.,   Canoga Pk 

Phone: 

91304 
213-709-7136 

AVAILABLE DOCUMENTATION (Please specify, use T :   Theory, U = User's Manual, L =  Listing, and 
RP s  Related  Publication):  

U:     "REDAC  User's  Manual".   Rockwell   Internal   Document,   S77-749/501,   Aug.   11 

STATUS: 

Operational Currently'3 

Under Modification'': _ 

Purposeis):  

Ownership0: Rockwell 

Proprietary'':    yes 

MACHINE/OPERATING SYSTEM (on which installed): CDC 

TRANSPORTABLE": ves 

Machine Dependent Restrictions: 

SELF-CONTAINED'': 

Other Codes Required (name, purpose): no 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Core Si« (Octal Words) Execution Time (sec CDC 7600) 

Small Jobs 

Typical Job; 

Large Job: 

Approximate Number of FORTRAN Lines 

«1ENTS: 
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STROBE TECHNICAL AREA(S): GaS   Dynamics CODE NAME:. 

DEVICE COMPONENTS TREATED:      Cavity.   Beam Ducts.   FIOWPI.TI-P  
PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: Beam Duct,   Cavity  Acoustics 

ASSESSMENT OF CAPABILITIES: Multidimensional acoustics caused by non- ide? 1 
channels, i.e. beam ducts , standoff distance. 

ASSESSMENT OF LIMITATIONS: Incomplete boundary condition formulation at open 
end, uses constant pressure which is not accurate. 

OTHER  UNIQUE FEATURES: 

ORIGINATOR/KEY CONTACT: 

Name: B.    Masson 
RDA Organization; 

Address:_ATO  Böx~9377,   International   Airport,   Alb,   XM       87 H 9 

Phone: (505)  245-5609 

AVAILABLE DOCUMENTATION fPleasr specify, use T = Theory, U = User's Manual,  I. -  Listing, and 
RP =  Related  Publication);       T ,    L  

ves 
STATUS: 

Operational Currently7: 

Under Modification'':        ves  
Beam Duct Model being improved Pu r po s e i s 1: 

Ownership1; RDA 

Proprietary'' No 
MACHINE/OPERATING SYSTEM Ion which installed): CRAY 

TRANSPORTABLES Yes 

Machine Dependent Restrictions: "R7T, 

SELF-CONTAINED ?i 

Other Codes Required (name, purpose!: r  Plotter 

ESTIMATE OF RESOURCES REQUIRED FOR RllNSi 

Core Site (Octal Weirds) 

Small Job: 

Typical Job: 

Large Job: 

Execution Time (sec, CDC 7600) 

Approximate Number of FORTRAN  Lines; 
COMMENTS:    Report   in  preparation. 
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GAS DYNAMICS CODE 

CODE NAME: STROBE 

!. CODE STRUCTURE 

COORDINATE SYSTEM (^ t: 

Cartesian:     Expanding:      y 

FLUID GRID DIMENSIONALITY (^ ): 

1-D:   

2.-D:   

3-D: / 

Time Dependent;  v  

FLOW FIELD MODELED i^l: 

Compressible Flow:  V 

Incompressible;   

Viscous  Flow:   

No Flow:   

BASIC MODELING APPROACH (^/): 

Algebraic:     Integral  Method: 

Finite Difference: Y_  

01 i. e r s i s pec if y):   

DECONTAMINATION METHOD TREATED (^1: 

Scrubber:   

Shower;   

Catalytic Reactor:   

Others (specify):   

4. ACOUSTIC ATTENUATION MODEL 

GENERAL FEATURES MODELED (^ ): 

Single Pulse;      y        Repetitive Pulse: 

DIMENSIONALITY  TREATED (^ ): 

1-D:  2-D:  3-D:     V 

Tim<    iJependent;       ^. 

DISTURBANCE MODELED 1^1: 

Pressure Wave;        y        Entropy Wave:     i-^ 

Others (specifyl:  

REFERENCE FOR APPROACH USED: 
MacCormack 

GAS DYNAMICS MODEL FEATURES: 

GAS SUPPLY MODELED ,^ »' 

Mixture Preparation-.   

Mixture Injection:   

.\«>zzle5:  

Flow  Plates: _ 

Others    spei ii\ 

CAVITY INITIAL CONDITION DETERMINED 
BY ispecifyi: Input  

i. EXHAUST RECIR( ULATION MODEL 

GENERAL SYSTEM MODELED (%/}i 

Open System:      jr Closed System: 

Closed Cycle:   

EXHAUST SYSTEM ir.AT' RES   Jj: 
Pressure Recovery:   

Ejector Sy»tem: 

l   -nipressor   : an:   

Heat Exchanger]  

Ga» Make-Up:  

Other» ispri U-} I: 
Absorbers  

WAVE PROPAGATION TREATMENT [ yj 

Linea r Wave: 

Nonlinear Wave: 

Other >  I spec ify): 

V 

THEORETICAL BASIS:    Reference! 

NUMERICAL METHODOLOGY:  (Reference/ 

ACOUSTIC ATTENUATORS CONSIDERED '^ 

Mil 

'STIC ATTENUATOR!- CONSIDEi 

luffler:      V Heat Exchanger: 

Horn: 

Others (specify): 

porous Wall: 

S. MODEL EFFECTS ON OPTICAL MODES Dl E 
TO (^): 

Index of Refraction Variation»;        Y     

Other (specifyl:_ 

OTHER  UNIQUE FEATURES: 
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CODE NAME:   SUPERSONIC           TECHNICAL AREA(S): Kinetics 

DEVICE COMPONENTS TREA TED:  Laser cavity 
PRINCIPAL puRPOSE,S)/APPL!CATiON(S) OF CODE:  Analysis of an electrically excited 
supersonic flow CO laser. 

ASSESSMENT OF CAPABILITIES: Analysis of an electrically excited supersonic CO 
laser, with coupled molecular kinetics, plasma kinetics, gas dynamics, and 
optical extr action.  (Simple one-dimensional models for gas dynamic? and 
resonator.) 

ASSESSMENT OF LIMITATIONS: Simplified treatment of gas dynamics ana optical 
resonator. 

OTHER UNIQUE FEATURES:  Provides for multiple lasing transitions, and includes 
the effects of resonant self-absorption from overlapping transitions in a high 
pressure gas system.  Pla:;ma kinetics are provided by BoltzBiann equation, 
completely coupled to molecular kinetics and opticalextraction. 

ORIGINATOR/KEY CONTACT: 

Name: William B. Lacina  
Organization:  Northrop Research and Technology Center  
Address:  One Pesearch Park, Palos Verdes Estates, CA   9C274 

Ph one: (213) 377-4811 ext. 362 

AVAILABLE DOCUMENTATION (Please specify, use T s  Theory, U  = Users Manual.  1.      I.istinR. and 
RP =  Related Publication): 

"Supersonic Contiguous Wave Carbon 'lor.oxirie Laser Development, Fhase I. 
Vol I: CO Laser Kinetics Code. Vol. IV: Rates and Cross Sections, "Northrop 
Rept. #:JPTC-75-25R, July 1975.  «KRTC-" 5-SOR, NRTC-7C-18R. 
(T,U,L) Miscellaneous papers. 

STATUS: 

Operational Currently ">;      yes 

Under Modifications             no 

PuTpOflC(s): _^_^  

Ownership-':       Northrop Research & Tech./ v.'illiar, P-.   Lacina 
Proprietary:     No.   Public  Domain  

MACHINE'OPF.RATING SYSTEM (on which installed!: CDC   ''-(•>'''       

TRANSPORTAHLE-': Yes 

Machine Dependent Restrictions: 5?^_S-. 

SELF-CONTAINED?« YES 

Other Codes Required (name, purpose).  

ESTIMATE OF RESOURCES REQUIRED FOR RL'NSi 

Core Size (Octal Words) 

Small Job:  

Typical Job:        

Large Job:   

Fvcciition Time (sec, CDC 7600) 

Approximate Number of FORTRAN  Lines: 

COMMENTS:  
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I   CODE STRUCTURE 

C OORDINATE SYSTEM (^ ): 

Cartesian-. Expanding: 

REI EREN(  V. OF  METHOD USED: 

S( ( ondary Imiization 

A tta». Kment; 

Detachment: 

tReferent g 

Ion-Ion Ret om~ 
binatii nj 

: irge   I ra nafe r: 

D    so< tat ion/ 
R e« omblna t Ion: 

' I •  ts   (S pec if yI: 

KINETICS CODE 

KINETICS GRID DIMENSIONALITY 1^/): 

1-D:      V' 2-D:   

3-D:   

GAIN RE :iON SYMMETRY RESTRICTIONS: 

,,_wt. \ar\ Along Optical Axis:   

Flow  Direction;   

KINETK S  MODELED:    h>ulseu:     y/      CW:     V 

NU MERK AL SCHEME  USED IN RATE 
< •••. i ( • : A noN iJ i: 

i K| I« It:   

. n plu it:   

thers [specif)  :  

2.  PLASMA KINETICS MODEL 

NUMBER Or  SPECIES TREATED (specify»; 

N tmbe r of Positive 
Species:   

Numbe r ol N< j itlv< 
Species: __^__ 

Nutr.be r of .'      it ral 
Species:  w__ 

REACTION  ME< I  ANISM  M   DELED   ^': 

Primary [onizatli •. (Reference] 

E-Beam: 

Self-S istai  ' i: 

' \ -Initiated: 

the t a i s pec if y): 

Source ot Rate Coeffu lent» Used; 

DEM I  ARGI   POWER  INPUT MODELED |^> 

".. t • :   __ V Non•'  inform:  

E-tuM:       \/ 

CODE NAME: SUPERSONIC 

3-  LAS IN G KINETICS MODEL 

GENERAL (specify): 

Lasing Species:    CO/N_/• • • X 

Number of Species:  

Number of Reactions: 

Other Major Species Considered; 

IMPACT EXCITATION MODELED {^ t: 

/Belerencel 

Vlbrational: y    \ 

E'e ctronic; 

Others (specifv): 

ENERG1   TRANSFER  MODES MODELED 1^ 

I R e/e rente) 

V-T:       • 
V - R : 

V-V: 

Others (specify); 

y/\ 

Lasing Transition;    P-Branch;       v 

R -B ram h:   

Sli gle Line Model \\ *: __  

Multi-Line Model («/):    V        

A ssurncd Rotational Population 
Distribution State .*/ I: 

I .   ulibriuni; V 

NonequlllbMum:      

:. ,::;ber of Laser  L. iCS 
Mi.deled: 25 

Source of Rate Coefficients I'sed in Code; 

Misc. 

LINE PROFILE MODELS (W): 

Doppler Broadening:        

Collisional Broadening            \/ 

Others i specify):   

4.  I-'FCIRC ELATION CONTAMINANTS 
M< )D! LED tJ i:       none 

0_: OH   :         

NO   : UNO . 

Others (specify): 

REFERENCE FOR  REACTION MECHANISM 
AND RATES: 

OTHER  I'NIQi'E FEATURES: ' 

•• • r$ ftprcily): 
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CODE NAME:      TDFI-EDL TECHNICAL AREA(S):     Optics,  Kinetics,  Gas Dynamics 
DEVICE COMPONENTS TREATED:       Cavity 

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:   Estimate performance trei.ds of CV 
EDL with unstable resonator.   

ASSESSMENT OF CAPABILITIES:   Two-Dimensional Fresnel  integral   (cylindrical optics) 
code coupled  to detailed EDL plasma kinetics code  including E-Beam and discharge 
model.  

ASSESSMENT OF LIMITATIONS:     Cavity analysis restricted  to cylindrical mirror 
configurations.  

OTHER UNIQUE FEATURES:     Fully   coupled   kinetjcs   and   wave  optics   coae. 

ORIGINATOR/KEY CONTACT: 
Name.-   Jürgen Thoenes  

Organization-,     Lockheed-Huntsville Research t. Engineering Center 
Address:    4800 Bradford  Dr.,   Huntsville,   AL     35607  
Phone:      (205)   837-1800  ext.   416 

AVAILABLE DOCUMENTATION (Please specify, use T > Theory, U = User's Manual, L =  Listing, and 
RP = Related publication);    j.  Thoenes.   S.C.  Kurzius.   M.L.  Pearson  "EDL Performance 
Model.   Part I - Theory and User's Guide",  U.S.  Army Missile Command, 
TR RG-CR-75-2,   June   1975.    (T  &  U)  

STATUS: 

Operational Currently': yes  

Under Modification'':  
Purposed:      Requires updating;   not used  for  several  years. 

Ownership^:     Lockheed-Huntsville 
Proprietary7: No 

MACHINE/OPERATING SYSTEM (on which installed); 

TRANSPORTABLE': __yes  

Machine Dependent Restriction»:       CDC   660Q/76O, 

SELF-CONTAINED?: 

Other Codes Required (name, purpose): ^ 

 Cßjifi  
:tron Kinetics 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Core Size (Octal Words) K\ecution Time (sec, CDC 7600) 

Small Job: 

Typlc«l Job:               21° 100 

Large Job: 

Approximate Number of FORTRAN Lines 5100 
COMMENTS: 
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I. CODE STRICTURE 
COORDINATE SYSTEM \y) ): 

Cartesian:    V        Expanding:_ 

KINETICS GRID DIMENSIONALITY (^/): 

1-D:      V 2-D:   
3-D:   

GAIN REGION SYMMETRY RESTRICTIONS: 

Gain Vary Along OpUcal Axis:   
Flo« Direction:      y 

KINETICS MODELED:    Pulsed:  CW:_ 

NUMERICAL SCHEME USED IN RATE 
CALCULATION i^ I: 

Explicit:    V (flow  field) 
implicit:   • (kinetics) 
Others (specify): __ 

REr ERENCE OF METHOD USED: 

Input 

Input 

Input 

E-Bcam: 
Self-S-istained: 
L'V -Initiated: 

Others i spec ify): 

V same 

Secondary lomzation 
Attachment: 

Detachment: 
Ion-Ion Recom- 
bination; 

Cha rpr Transfer; 

Dissoc lation/ 
R ecombinatton: 

Other! (specify): 

(Reference) 
\/    same 

KINETICS CODE 

/ 

PLASMA  KINETICS MODEL 
NIMBER OK SPECIES TREATED (specify-: 

Number of Positive 
Species: 
Number oi Negative 
Species: 
Number of Neutral 
Species: 

REACTION  MECHANISM MODELED {dh 
Primary Ioni/attun; (Reference) 

V 
/ 
s 
V 

Source of Rate Coefficients Used: 

DISCHARGE POWER INPUT MODELED (V)l 
Uniform;      V          Non-Uniform: 
E-Field:      V 

Others (specify!:   

93 

CODE NAME:  ftnT, 

(TDFI-EDL) 
3. LASING KINETICS MODEL 

GENERAL (specify): 

Lasing Species: C0n  
Number of Species: Input 

Number of Reactions:       Input 

Other Major Species Considered:         2' ' 

gg»   °2  

IMPACT EXCITATION MODELED (^ ): 
(Reference) 

Vibrational: -f |       Same 

Electronic: 

Others (specify): 
v/ 
Ionization 

ENERGY TRAN    -ER MODES MODELED 1^ ): 
(Reference) 

v-T:     \/      same 
V-R: 

xL 
Others (specify):  
Lasing Transition:    P-Branch;       y 

R -Branch:   

Single Line Model (^/): _ 

Multi-Line Model I*/): 
•: 

Assumed Rotational Population 
Distribution State (»/ 1: 

Equilibrium:         \f 

Nonequilibr mm;  

Number of Laser Lines 
Modeled: 1 

Source of Rate Coefficients Used in Code: 

 same  

LLNE PROFILE MODELS (y* 
Dopplet- Broadening:   

Collisional Broadening: 

others (specify):    Voigt Function 

4. REC1RCU LATION CONTAMINANTS 
MODELED (J); 

Ox:       / OH_:       )/ 
NO   :   'S HNO   : j£_ x   -*•  x   —•— 
Others ispecify):   

REFERENCE FOR REACTION MECHANISM 
AND RATES:     Same          

OTHER UNIQUE FEATURES: 

>. 
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GAS DYNAMICS CODE 

1. CODE STRUCTURE 
COORDINATE SYSTEM (^ ): 

Cartesian;      y Expanding: 

FLUID GRID DIMENSIONALITY (^ ): 

1-D: V 

Z-D:   

3-D:   
Time Dependent: 

v/ 
FLOW FIELD MODELED <^l: 

Compressible Flow: 
Incompressible:   

Viscous Flow;  M 

No Flow:  , 
BASIC MODELING APPROACH (^): 

Algebraic:     Integral Method: 

Finite Difference: y   

Others (specify): '  

REFERENCE FOR APPROACH USED: 
Euler integration  

GAS DYNAMICS MODEL FEATURES: 

GAS SUPPLY MODELED (V)i 
Mixture Preparation:   
Mixture Injection;   

Nozzles:   
Flow Plates: 

Others  Ispecifyc 

CAVITY  INITIAI   CONDITION DETERMINED 
BY (specifvi:        Specified   (input) 

EXHAUST'RECIRCULATION MODEL 

GENERAL SYSTEM MODELED (^): 
Open System:       V_       Closed System; 

Closed Cycle: 

EXHAUST SYSTEM FEATURES (^ ): 

Pressure Recovery:   

Ejector System;   

Compresso r/Fan:   
Heat Exchanger:   

Gas Make-Up:  

Other» ispecify):    Circulator analysis 
reTAiirgif gp^»^Tfir^J^inn of  f.fimc  nnA 
flow velocity aa function of  tima 
around  loop. — 

CODE NAME: 
EDL 

(TDFI-EDL) 

DECONTAMINATION METHOD TREATED <^i 

Scrubber: V^  
Shower: 

Catalytic Reactor: V^ 
others (specify);     Modeled by 
adjusting mix composition 

ACOUSTIC ATTENUATION-. MODEL 

GENERAL FEATURES MODELED i^): 
Single Pulse;  Repetitive Pulse: 

DIMENSIONALITY  TULA-    D (^ I 

I-D:  2-D:   i-D:  
Time -Dependent: 

J DISTURBANCE MODELED > \ 

Pressure Wave;   Entropy Wave: 

Others (specify):  

WAVE PROPAGATION TREATMENT (^1: 

Linear Wave: 
Nonhnenr Wave: 

Others (specify): 

THEORETICAL  BASIS:  (Reference) 

NUMERICAL METHODOLOGY: (Referencci 

ACOUSTIC ATTENUATORS CONSIDERED (^ 
Muffler: _        Heat Exchanger:   
Horn: Porous Wall; 
Ot! ers , spec ify t: 

5. MODFI     .FFECTS ON OPTICAL MOPES Dl V 
TO,; 

... .ex of Refraction Variation'': 

Other (specify): 

"R  UNIQUE FEATURES: 
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OPTICS CODE 

1. CODE STRUCTURE 

BASIC TYPE (^)i 

Physical Oplicj: 

Geomet rical: 

FRESNEL   INTEGRAL 

Constant Gain; Floating Gain: 

FIELD (POLARIZATION) REPRESENTATION (^ ): 

Scalar:  ^___  

Vector:   £  

COORDINATE SYS IEM (^ |:      , 

Cartesian:            ^  

Expanding | ipcx if>): 

TRANSVERSE GRID DIMENSIONALITY 
(specify); 

V One -Dimensional: 

Two-D linensunia l; 

I LELD SYMMETRY   RESTRICTIONS'' 

JL 

MIRROR SHAPE(S) ALLOWED i^ I 

Square; __V  

R ec tangjlar ; 

Ctrc ilar; 

Elliptical; 

Strip] 

A rbitrary: 
z: 

CONFIGURATION FLEXIBILITY ^ u 
Fixed, Single Resonator Geometry: 

 v_  
Fixed, Multiple Resonator Geometries: 

Modular, Multiple Resonator Geometries: 

Others  (describe 

I- PROPAGATION TECKNIUUE 
{•J all that applyl: 

Fresnel Integral 
Algorithms:   

With Kernel 
Averaging; 

/ 

Ciaus sian U'iad - 
raturc j 

Fast Fourier 
Transform (FFT):_ 

Fast Hankel Trans- 
form (FHT): 

( Mirdcner- 
I- resncl- 
Kinhhoff (OrK)l 

Othe r *  | spi'i ifv ); 

CODE NAME: FICP 

CONVERGENCE (^): 

Technique: 

Power Comparison; 

Field Comparison; 

Others (specify):  

(TDFI-EDL) 

/ 

Acceleration Algorithms Used'' 

Technique:  

MULTIPLE EIGENVALUE/EIGENVECTOR 
EXTRACTOR ALGORITHMS (J ): 

Prony:  

Others  (specify);  

3. RESONATOR MODELING FEATURES 

GENERAL CAPABILITIES: 

Stability («/ |: 

Stable Resonators: V' 

Unstable Resonators; 

Type i^/ I 

Standing Wave; • 
Traveling Wave 
lRing|: 

R 9\e rs« 
T raveling 
W a ve: 

Branch (^ i: 

Positive:   

Negative;   

Optical Element Models  Included  (*/): 

Flat Mirrors:   

Spherical Mirrors;  

Cylindrical j 
Mirrors, V 

Telesc opes; 

Scraper Mirrors:      

Deformable Mirrors: 

Spatial Filters: 

Gratings  fspecify 
type); 

Other Elements 
(•pecify): Focusing output mirror 

PRINCIPAL RESONATOR GEOMETRIES 
MODELED (Please List);        

Unstable resonator with focused 
oblique output beam. 

Finite iMticrence 
A Igorithms 

Method «specify); 

95 (Continued) 
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1 
OPTICS CODE 

(Concluded) 

CODE NA.V 

->4 
JL. 

GAIN MODELS (^ ): 

Bare Cavity Only: 

Simple Saturated Gain: 

Detailed Model (See 
Section i in Kinel'.cs Coot) ^  

BARE CAVITY FIELD MODIFIER MODELS 1^): 

Mirror Tilt: \/  

Mirror Decentration;   

Aberrations/Thermal 
Distortion; 

Arbitrary:   

Selected (specify): 

Reflectivity Loss: 

Output Coupler Edges 

Rolled:   

Serrated:   

Other:   

LOADED CAVITY   FIELD MODIFIER 
MODELS lJ): 

Refractive Index 
Variation; 

77" 
v 

Gas Absorption: 

Overlapped Beams (for 
flux updating): 

Number of Overlaps 
Allowed: 

Others: Random noise option 
and starter 

i    TAR FIELD MODELS i^/l: 

Beam Steering Removal: 

Optimal Focal Search; 

Beam Quality: 

Atmospheric  Propagation 
Effects: 

others:   Non-flmplified oblique 
focused output bean.  

BEAM CONTROL SYSTEM MODELED (^ ): 

Pointer/ Tracker 
Subsystem:   

Beam Jitter:  

Autoallgnment:   

Target Model: 
Motion: Effects: 

OTHER UNIQUE FEATURES (e.g., Beam/Mode 
Rotation, Extra-Cavity Adaptive Optics, Multipath/ 
Parasitic Effect, Beam Director Elements, etc.): 
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CODE NAME: 
TEA Laser Kinetics   TECHNICAL AREA(S):  Kinetics 

DEVICE COMPONENTS TREATED:  Laser Cavity  
PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: 

To model the laser kinetics of a 
pulsed 10.6^ C09 laser and to predict~l:he performance of the laser. 

ASSESSMENT OF CAPABILITIES: Can handle gas mixtures of CO : N : He: HO: H  at 
any temperature and pressure, and pulse lengths from one to twenty microseconds 

ASSESSMENT OF LIMITATIONS:  Is one-dimensional, can only model stable resonators, 
cannot handle very short pulses in which Boltzmann equilibrium for the  
vibrational moles is not a good approximation, and the rotational and kinetic 
temperatures are the same. 

OTHER UNIQUE FEATURES: A six-temperature kinetic model is used which includes 
E/N-dependent electrical excitation and 29 temperature-dependent collisional 
relaxation rates.  

ORIGINATOR/KEY CONTACT: 
Name      Lyle Taylor  

Organization;       Westinghouse Electric Corporation  
Address:      1310  Beulah  Rd.,   Pittsburgh,   PA       15668  

phone: 412-256-5833  

AVAILABLE DOCUMENTATION (Please specify, use T -_- Theory, U = User's Manual,  L ;  Listing, and 
HP = Related Publication),- T:     L.H.   Taylor,   L.A.   Weaver,   and  R.W.   Liebemann,   'An  Electric 

Discharge CQ2 Laser  Kinetics Model.     I.  Theoretical  Formulation,   "Westmghoustj Paper 
78-1C2-ADLAS-P1   (1978).     T:     L.H.   Taylor  and  L.A.   Weaver,   "An Electric  Discharge  C02 

Laser"Kinetics  Model.   II.   Collisional   Rates,   "Westinghouse  Paper   78-1C2-ADLAS-P2   (1§78) 
U:     L.H.   Taylor,   R.W.  Liebermann,   and L.A.  Weaver,   "User's Manual  tor  the Westinghouse 
Transversely Excited Atmospheric   (TEA)   C02 Laser Kinetics Computer  Program," 
Westinghouse  Report 7b-9C2-LASEX-R2   (l^/b). 
STA TUS: 

Operational Currently'': Yes  

Under Modification':        **0  

Purpose' si:  

Ownership-': U.   S.  Government 

Proprietary': No 

MACHINE/OPERATING SYSTEM (on which installed):    U-1106   and   CDC-7600 

TRANSPORTABLE': Yes   
Machine Dependent Restrictions:       FORTRAN   IV 

SELF-CONTAINED'.-       y"es 

Other Codes Required (name, purpose): 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Small Job: 

Typical Job 

Large Job: 
Approximate Number of FORTRAN Line»:        7lfi 

COMMENTS:  

Core Size (Octal Words) Execution Time (sec, CDC 7600) 

14501 7  sec,   CDC-7600 

Fabrv-Perot Cavity modeled using geometric optics with floating gain. 
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1 
KINETICS CODE 

CODI   N • 

1. CODE STRUCTURE 
COORDINATE SYSTEM (^ ): 

Cartesian:     V        Expanding: 

KINETICS GRID DIMENSIONALITY {J |: 

1-D:       V l-O:   
3-D:   

GAIN REGION SYMMETRY RESTRICTIONS: 
Gain Ury A lony Optical Axis:      no 

£ low Direction; 

/ 
no 

KINETICS MODELED:   Pulsed: 

NUMERICAL SCHEME USED IN RATE 
CALCULATION i J I: 

Explicit:   

Implicit;  
others (specify):     Hamming  

CW: / 

Pr.I I.RF.NCE OF METHOD USED:      R.   W.   UaEIItting, 
Numerical Methods for Engineers and 
"Scientists (1962). 

PLASMA KINETICS MODEL 
Nl MBER OF .SPECIES TREATED ispecifvi: 

Number of Positive 
Species:   

Number of Negative 
Species:   

Number o: Neutral 
Species:   

REACTION MECHANISM  MODELED (^1: 

Primary lonization: (Reference) 
E-Beanv. 

Self-S istained: 
CV-Initiated: 

Others i specify): 

T 
s/ 

Secondary lonization 

A ttac hment; 

Detachment; 

Ion- Ion Recom- 
hination; 

Char^  Transfer: 
Dissociation/ 
Ret orr'bmation: 

Others . specify): 

/ 
(Reference! 

/ 

Source of Rate Coefficients Used: 

DISCHARGE POWER INPUT MODELED (^ ] 
Uniform;     r Non-Uniform;   

E-Field:   
Others isprcifyt: 

98 

3. LASING KINETICS MODEL 

GENERAL (specify); 

Lasing Species;       CO2 
Number of Species:   

29 Number of Reactions:    

Other Ma;or Species Considered: 
He,    N?,H20,    H3  

IMPACT EXCITATION MODELED (^ 
(Reference) 

V ibrutiona 1 • 

Electronic; 

Others (specify): 

ENERGY 

V-l 

TRANSFER MODES MODELED *J ): 
(R etc rente J 

V-R 

\ -V v/ 

V 
Others (specify);          
L&sing Transition;    p-Branch: 

p »Branch:     yr 

Single Line Model (y>: V^  

Multi-Line Model id\. y^  
Assumed Rotational Population 
Distribution State («/ ): 

Equilibrium;         V _,, 
NonecjuilibrLum; ______^^__„ 

Number of Laser  Lines 
Modeled: Several 

Source of Pate Coefficients Used in Code: 
WestirKjhouse Paper  78-1C2-ADLAS-P2 
(1978) 

LINE PROFILE MODELS 1^/ I 
P  ' • *- Broadening; 

Col    »tonal Broadening: 
rs (specify);   

i/ 

j/ 

4. REClPCfl  • 1 ION CONTAMIN/ NTS 
MODi:LEI,   ^):   none 

OH„:     

SO HNO., 
others (specify): 

REFERENCE FOR REACTION MECHANISM 
AND PATES:  

OTHER UNIQUE FEATURES: 

-  — 



CODE NAME:        TELSAT TECHNICAL AREA(S):   Gas Dynamics 
DEVICE COMPONENTS TREATED: Overall System Characteristics      ^__ 
PRINCIPAL PURPOSEIS)/APPLICAT1QN(S)OFCODE: 

study steady state and transienF 
Thermodynamic and Fluid Dynamic System Performance. 

ASSESSMEN- OF CAPABILITIES: 1-P time dependent assessment of thermodynamic and 
fluid dvnamic performance of laser components and their interactions witnin 
the laser system. 

ASSESSMENT OF LIMITATIONS:  limited to 1-D problems. 

OTHER UNIQUE FEATURES:  Developed in "building block" format and easily 
adaptable to different systems (i.e. closed or open loop) can also be used 
to model non-EDL systems. 

ORIGINATOR/KEY  CONTACT: 

Name: Earl  White 

Organisation; R&D   AsSOClates  
ATO  WST1     International   Airport   Albuquerque,   NPI Address 

Phone: 

8711» 

(505)   844-8446 

AVAILABLE DOCUMENTATION (Please specify, use T - Theory. U = User's Manual, L = Listing, and 
RP = Related Publication):        T,    L,    RP  

STATUS: 

Operational Currently" 

Under  Modification0: _ 

Purpose) •):  

Ownership-':     R&D  Associates 

Proprietary1 No 
MACHINE/OPERATING SYSTEM (on which installed): CRAY-1 

TRANSPORTABLE'' 

Machine Dependent Restrictions: 

SELF-CONTAINED': 

Other Codes Required (name, purpose); none 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Core Site (Octal Word») 

Small Job: 

Typical Job: 

Large Job; 

68096     (Version  V        54  Sef 

Execution Time [sec, CDC 7600) 

118272 (Version 21 154 sec 
Approximate Number of FORTRAN  Lines: 

COMMENTS:   

L 
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GAS DYNAMICS CODE 

CODE NAM Ei 
TELSAT 

CODE STRUCTURE 

COORDINATE SYSTEM (^ I: 

Cartesian:      y Expanding: _ 

FLUID GRID DIMENSIONALITY (^ ' 

1-D: V 

^-D:   

3-D:   

Time Dependent: y  

FLOW  FIELD MODELED <^l: 

Compressible Flow: 

Incom pressible: 

Viscous Flow: 

No Flow; 

JL 

BASIC MODELING APPROACH c^): 

Algebraic:     Integral Method: 

-4-  Finite Difference: 

Others lspeclf> ): 

DECONTAMINATION ME..    ...   .'Ktr.    EL    ^ 

Scrubber;   

Sho.ver; 

Catalytic Reactor: 

Others (specify); 

4. ACOUSTIC ATTENUATION MODEL 

GENERAL FEATURES MODELED (^ ): 

Single Pulse:  Repetitive  Pulse: 

DIMENSIONALITY  TH£A .eU) («/): 

1-D: 1-D:         3-D: 

T ime -Dependent; 

i/i DISTURBANCE MODELED ; \' 

Pressure Wave: Entropy Wave: 

Others  ispecify):  

REFERENCE FOR APPROACH USED:  

Blackburn-Fluid Power control 

Z. G\S DYNAMICS MODEL FEATURES 

GAS SUPPLY MODELED   V '• 

Mixture Preparation; _ 

Mixture Injection;  

Nozzles: 

V 

Flow Plates: 

Others . sp- «. ifv i 

CAVITY INITIAL  CONDITION DETERMINED 
BY (specify): Input  

3. EXHAUST/REClRCULATION MODEL 

GENERAL SYSTEM MODELED (^ I: 

Open System:     Closed System 

Closed Cycle:     y 

EXHAUST SYSTEM FEATURES   ^ 

/ Pressure Recovery: 

Ejector System: 

Compressor '\ an; 

Heat Exchanger; 

Gas Make-Up: 

Others (specify):       NOZZleS,    ducting 

 turhi np ___ 

WAVE  PROPAGATION TREATMENT I ^ ) 

Linear Wave:    

Nonlinear Wave:  

Others I sure ify): 

THEORETICAL BASL^: (Reference! 

NUMERICAL METHODOLOGY:  (Reference, 

ACOUSTIC ATTENUATORS CONSIDERED (^ 

Muffler: Heat Exchanger:   

Hjrn: Porous Wall:   

Others (specify):  

i.  MODE1   EFFECTS ON OPTICAL MCDES DUE 
V     . 

t 

i.idex of Refraction Variation»;  

it:.er (specify):  

'ER UNIQUE FEATURES: 

. 
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CODE NAME:   UNSEDL2 TECHNICAL AREA(S): Optics/Kinetics/Gas Dynamics 

DEVICE COMPONENTS TREATED:      m;   FHT. 

PRINCIPAL PURPOSE(S|/APPLICATION(S) OF CODE:     Time dependent behavior   ,f CW CO^ 
EDL with mode    media  instability.  

ASSESSMENT OF CAPABILITIES:       2-D   flow  +   kinetics;   FFT   Optics 

ASSESSMENT OF LIMITATIONS: Very expensive  to run 

OTHER UNIQUE FEATURES:       Dynamic Dimensioning 

ORIGINATOR/KEY CONTACT: 
Name: Ted   Salvi 

Organization:         AFWL/ARAO 

Address Kirtland AFB,   NM 87117 

Phone; 505-844-0256 

AVAILABLE DOCUMENTATION (Please specify, 
RP ;  Related Publication); 

use T > Theory, u -- User' s Manual, I. a  Listing, and 

0,1 
T: Jumper,   G.Y.,   Hines, J.D , and Salvi , 1 .c. S.   Rik'er, J.F., 

"The Dependent  Numer ical Pr ediction 3f co Electric Discharge 
Laser Performance". 

STATUS: 

Operational Currently'':      yes  

Under Modification''; no  

Purposeisi:      Not  currentlv being  used 

Ownership'; USAF 

Proprietary'';       nO 

MACHINE/OPERATING SYSTEM (on which inntalled):       CDC   7600    (CybeF^ 

TRANSPORTABLE' _0Q_ 
Machine Dependent Restrictions:       IQ;    Assembly   language   FFT 

SELF-CONTAINED?: 

Other Codes Required (name, purpose); 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Small Job: 

Typical Job: 

Large Job: 

Approximate Number of FORTRAN Lines:     10,000 

COMMENTS:   

Core Size (Octal Words) Execution Time (sec, CDC 7600) 
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KINETICS CODE 

CODE NAME: UNSEDL2 

1. CODE STRUCTURE 
COORDINATE SYSTEM i^ |: 

Cartesian:     y        Expanding:_ 

KINETICS GRID DIMENSIONALITY 1^1: 

1-D:   J.-D:       \' 

5-D:   

CAIN REGION SYMMETRY   RESTRICTIONS 

Gain Vary Along Optical 

Flow Dire« tiun 

KINETICS MODELED:    Pulsed;        \/       CW: 

NUMERICAL SCHEME USED IN RA'. 
CA LCULAT 

3.  LA SING KINETICS MODEL 

GENERAL (specify): 

Lasing Species:     CO2    (001) 

L'xpiic 

tmplic it: 

Others isp 

TION   xJ I: 

Number of Species; 

Number of Reactions: 

Other Major Species Considered: 

.tiple  sheet 
IMPACT EXCITATION MODELED (^ M 

V         (Time   Dep)                                                        (Reference) 

Vibration*!;                       y   i 

Electronic: 

Others (specify); 

RLFEREM E OK METHOD cSED:    MacCormack's 
Fluid  Dyanmic,   extended   to  kinetics 

PLASMA KINETICS MODEL       Enerqy   levels: 
NUMBER Or SPECIES TREATED (specify):     E 

Number of Positive 
upper 

E 
lower Spec ies: 

Number of Negative 
Species: EN, 

Number of Neutral 
Soecics: 

REACTION MECHANISM MODELED (til: 
Primary lontzation;              (Reference) 

E-Bean                  V  | 

Self-Sustained: 
U V -Initiated: 

Othe ra  i spei ilv ,: 

Secondary lomzation 

Attachment: 

Detac hment: 

i R etc renee) 

Ion - !on Ret on.- 
bination: 

Cha rge 1 ra nafer 

Dissot lat ion/ 
Recombination: 

Other»  (specify): 
_^ 

Source of Rate Coefficients Used: 

DISCHARGE POWER INPUT MODELED (^/I: 

Uniform:     Non-Uniform:      y 

E-Field:   

ENERGY  TRANSFER  MODES MODELED (J): 

(Reference) 

V-T:      V 

V 
1ZL 

V-R: 

V - V: 

Others (specify):  

1 a s ing T ransition: P-Branch 

P -p •• m< I 

Single Line Model cy \\   

Multi-Lir.e  Model  itJ.:     

~7 
IZI 

Assumed Rotational population 
Distribution State   */   • 

Equilibrium: y ^ 

Nonequilibrium;  

N'umber of Laser Lines 
ModeUd:  2    MQ.6   -   9.28) 

Source of Rate Coelficients 
Various 

sed in Code-, 

LIKE PROFILE MODELS '^ I 

Doppler  Broadening; 

Collisional Broadening: 

Others (specify): 
z 

•1    RECIPCULATION CONTAMINANTS 
MODELED (^): Uone 

0„: OH..: _ • x- 

NO HNO 

Others (specify) 

REFERENCE FOR REACTION MECHANISM 
AND RATES:    various  

OTHER UNIQUE FEATURES:   

Others (specify* 
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GAS DYNAMICS CODE 

CODE NAME: 
UNSEDL2 

1. CODE STRICTURE 
C OORD1NATE SYSTEM (^ ): 

Cartesian: _)/___   Expanding.- 

7" 
FLUID GRID DIMENSIONALITY (^ ): 

1-D: 

~-D: 

,-D: _ 

Time Dependent;  y 

FLOW FIELD MODELED (^ ): 

Compressible  Flow; 

incompressible: 

Viscous Flow;   
No Flow;   

BASIC  MODELING APPROACH | ^ ) 

A Ige bra U 

s/ 

I mite Difference: 

Integral Method: 

V 
Others (specify):     actually   finite 

element  
REFERENCE FOR APPROACH USED:  

ManCnr-mar-l.-  

GAS DYNAMICS MODEL FEATURES: 

GAS SUPPLY MODELED (^ >: 
Mixture Preparation;   

Mixture Injection: 

Nozzles: Variable Geometry 

Flow  Plates:  r^l:^    ov    f^r-f   pl^rp 
Others (specify):  

CAVITY  INITIAL CONDITION DE.TER MINED , 
BY (specify): solution of time denendont 
equations, no enerqy input. 

3. EXHAUST REC1RCULATION MODEL 
GENERAL SYSTEM MODELED (^ i: 

Open System:       * Closed System 
Closed Cycle:   

EXHAUST SYSTEM FEATURES (^ I: 
Pressure Recovery:       y 

Ejector System;   
Compressor'Fan;   

Heat Exchanger:   

G»s   Make-Up:   

ether., .specify): A recovery pressure 
is specified.  

DECONTAMINATION METHOD TREATED {yj): 

Scrubber;   
Shower;   

Catalytic Reactor:   

Others (specify);  

4. ACOUSTIC ATTENUATION MODEL 

GENERAL FEATURES MODELED (^ ): 
Single Pulse:  Repetitive Pulse: 

DIMENSIONALITY TREATED 1^1: 

1-D: ^-D:       3-D: 
Time -Dependent; 

DISTURBANCE MODELED 1^1: 
Pressure Wave:   Entropy Wave:  

others (specify);  disturbance propagated 
by "hydro code" time dependent equations. 

WAVE PROPAGATION TREATMENT tyj ]• 

Linear Wave:   

Nonlinear Wave:   

Others (specify);  

THEORETICAL BASIS: 'Reference! 

NUMERICAL METHODOLOGY:  (Reference! 

ACOUSTIC ATTENUATORS CONSIDERED <yj 

Muffler:  Heat Exchanger:   
Horn: Porous Wall: 

Others (specify): 

5.  MODEL EFFECTS ON OPTICAL MODES D<  ! 
TO (^t: 

Index of Refraction Variation'': y 
other (specify):   gain variation 

OTHER  UNIQUE FEATURES: 
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OPTICS CODE 
CODE NAME:   UNSEDL2 

1.  CODE STRUCTURE 
BASIC TYPE (^): 

Physical Optics: 

Geometrical: 

/ 

Constant Gain; Floating Gain: • 
FIELD (POLARIZATION) REPRESENTATION (^ ): 

Scalar:  V_  

Vector:   
COORDINATE SYSIEM (-^): 

Cartesian;   / 
Expanding (specify); z: 

TRANSVERSE GRID DIMENSIONALITY 
(specify): 

One-Dimensional:  

Tw/o-inmensionai:      V_ Dynamic 

FIELD SYMMETRY RESTRICTIONS • 

MIRROR SHAPE(S) ALLOWED {•yj ): 
Square: L 

Rectangular; 
Circular: 

Elliptical; 

Strip: 

A rbitrary; 

Y 

z: 
j/_ 

CONFIGURATION FLEXIBILITY l*/)j 
Fixed, Single Resonator Geometry: 

Fixed, Multiple Resonator Geometries: 

Modular, Multiple Resonator Geometries: 

/  
Other* (describe):  

PROPAGATION TECHNIQUE 
(«/all that appiy): 

Fresnel Integral 
Algorithms: 

With Kernel 
Averaging: / 
Gau.ssian Quad- 
rature . 

Fast Fourier 
Transform fFFT):_ 
I   * st Hankel Trans- 
form (FHT>: 

Gardener- 
r reanel- 
Kirchhoff (GFK):  _ 

Others (specify): _ 

/ 

CONVERGENCE (•/): 
Technique: 

Power Comparison; 
Field Comparison; 

Others (specify):  
~z_ 

Acceleration Algorithms Used0: NO 

Technique:  

MULTIPLE EIGENVALUE/EIGENVECTOR 
EXTRACTOR ALGORITHMS (J ): 

Prony  

Others (specify):_  

3. RESONATOR MODELING FEATURES 

GENERAL CAPABILITIES: 
Stability (*/ ); 

Stable Resonators: 

Unstable Resonators: 

Typ«' (•/) 
Standing Wave; 

Traveling Wave 
(Ring): 

peve r ae 
T raveling 
Wave:   

Branch (»J ): 

Positive: 
Negative: 

J^ 

y 

Optical Element Models Included <«/): 

Flat Mirrors:  V  

Spherical Mirrors: j/  

Cylindrical 
Mirrors: 

Telescopes: 

Sc raper Mirrors: 
Deformable Mirrors: 

Spatial Filtert: 

Gratings (specify 
type): 
Other Elements 
Ispecify);  

PRINCIPAL RESONATOR GEOMETRIES 
MODELED (Please List): 
Sets up confocal automatically; 

other resonators can be set up with 
some additional minor difficulty. 

Finite Difference 
Algorithms 

Method (specify): 
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OPTICS CODE 
(Concluded) 

CODE NAMF:   UNSEDL2 

/ 

z 

. MODELS l^)i 

liar.- i. .iv.i ,     inly: 

• :•• 

eu 
1     ' • )  

ELD MODI HER MODE!        v 

Ml" •   

Min " _^ 

Abt l      '; •:. ei mal 
"    in: 

A rbltra i    • 

  
itput i 

•led;   

  
A •• . : • 

• 

•      !< 

•    •     V 

- 
Opti:-  .. i • 

Bea.-i 

Atrr.'     p   i ....  il 
EU« ti 

Other*• 

BEAM C.uNTki fSTEM MODELED (^ 

PoinCl r    1 ra. Kcr 
Subsystem:   

Beam  litter:   

Atttoa lignmsflt; 

T : rL-..; Modcti 
M   tion I H«< t>: 

OTHER UNIOUK FEATURES (e.g., fleam/Mode 
Rotation, Extr.i -Cavity Adaptive Optic». Multipath/ 
Paraaitu   Effocti  Beam Direitor Elements, etc.»: 
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CODE NAME:      UVLZR    TECHNICAL AREAlS): 

DEVICE COMPONENTS TREATED-.     Laser Discharge,  PFN 

Kinetic« 

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:     Study kinetics of rare gas halide 
lasers,  design more  efficient PFN's.  

ASSESSMENT OF CAPABILITIES:     Code does quite well  at describing the electrical 
characteristics   (voltage,  current,   impedance)   of RgH-discharge .systems. 
In General  code also  predicts lasing onset well. 

ASSESSMENT OF LIMITATIONS:  Code assume uniform gain  and  flux  and  this  is bad. 
Therefore   it does   not  accurately predict output  energy.     Code   requires 
separate  electro-kinetics code 

OTHER UNIQUE FEATURES: One Version of the code has  been modified to prosei.de 

a cras-pnase   »-esista ice   in code SUPER SCEPTRE. This then permits modelling 

of  near]y  any PFN. 

ORIGINATOR/KE"! CONTA«  - 

Nam«:       Arthur   E.   Greeni 
Organization:      T~12,    LASL  
Address:     MS.-569,   Los .-"' Scientific  Laboratory,   Los Alamos,   UM  57515 

505--,67--"'"'1~ ' Phone; 

AVAILABLE DOCUMENTA!« N    Pleasi   Bpecify, use T s Theory 
RP  -  Related  Publtcatic     

User's.  Manual.   L      Listing, and 

A.E.   Greene   S  C.A.   Bra:,   IEEE  J.Q.E.   14,   951,   1978 RP^_   
RP:  A. E. Greene , C.R. Ta1Iman, W.L. Willis, & CA. Brau, Proceedings of 

International Conference on Lasers 1979, 211. 

STATUS: 

Operational Currently1 

Under  Modification':  

Purpose' s): Work   underway on moving   from  KrF  to   XeCl 

Ownership? 

Proprietary'': 

LASL   is   funded   by DOE 

MACHINE/OPERATING SYSTEM ion «Inch installed):      CDC-7600/LTSS 

TRANSPORTABLE-1:       V • 

Machine Dependent Restriction»: 

SELF-CONTAINED':       no 

Other Code» Required (name, purpoae); NOMAD   -   solves   Boltzmann   equation   to 

find electron impact pumping rates.  

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Small Job: 

Typical Job: 

Large Job; 

Approximate Number of FORTRAN Lines: 

COMMENTS:   

Core Size (Octal Word«) Execution Time (sec, CDC 7600] 

637 12  sec 

600 
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KINETICS CODE 
CODE NAME: UVLZR 

1.  CODE STRUCTURE 

COORDINATE SYSTEM (-^ ): 

Cartesian:     y       Expanding; 

KINETICS GRID DIMENSIONALITY t^l: 

1-D:     \/ i-D:   

3-D:   

GAIN REGION SYMMETRY RESTRICTIONS: 

Gam Vary Along Optical Axis:  

Flow Direction;   

KINETICS MODELED:    Pulsed:      V       CW: 

NUMERICAL SCHEME USED IN RATE 
CALCULATION (J ): 

Explicit: ___^ 

Implicit;      V 
Others (specify):   

PKI ERFNC F. Of   METHOD USED: Gear 

I.  PLASMA KINETICS MODEL 

M MRE8 Of  SPECIES  TREATED 'specify I: 

\ ;:::ber of  Positive 
Species:  2  

Numbi r of Negstlvt -> 
Speiies:   

Nun." r   .( Noutrol 
Spe*i*'*: * 

Electron  impact 

BtACTIO:    ' ,f t HANISM MODELED 1^1: 

prima   \   [ontzstion: iReleren<ei 

E-Bear. 

Self-S istamed: 

UV-!:ut:ated: 

Others  « spet ify i: 

avalanche  
Setondarv Ionisation (Rsferoncs) 

Attachment: y 

Detachment: 

Ion- Ion Ret om- 
bination: 

Charg« T r i nsie r 

DissiJt lotion ' 
p «-t oiyibinol tun: 

Other» (»pet ifyc 

Source of Rate Coefficient» U»ed: See 

RP on page 1  

DISCHARGE POWER IN PV 1   MODELED (o/h 

Uniform;      y Nci.- Uniform;   

E-Field;      ^ 

others   spmiy,:       tine varying 

y 
• | 

V 

3. EASING KINETICS MODEL 

GENERAL (specify): 

Lasing Specie«;    KrF*   or   RgH* 

Nuinber of Species:     i        

Number of Reactions: 

Other Major Species Considered: "1^Uent 

NP   nr   Ho    (nr   hnfh),   F      or   hqlngpn 

daner.  
IMPACT EXCITATION MODELED (^ 1: 

(Reference) 

Vibrational; 

Electronic: 

Others (specify): 

>/ 

ENERGY  TRANSFER  MODES MODELED 1^): 

'Reference! 

V-T: 

V 

V-R:   

V-V: _ 

Others (specify):  gf      +   H -»RgH* 

I a.-m^ Transition;    P-Branch;  

R-Bl .nch: 

Single Line Model .^ I 

Multi-line Model ( »/i 

Assumed Rotational Popalstton 
Distribution State I */ L: 

Equilibrium: „_______„. 

No'icquillbr utm: _^  

N'umbot of Laser Lines 
Modi-led:             1 

Source of Rate Cnetticients l'seri in (ode: 
see RP page #1 

LINE PROFILE MODF.I5   ^ 

Doppler  Broadening: 

Collision*! Broadening: 

Others (specify): 

t    RFC IRC"LATION CONTAMINANTS 
MODELED («J)i none 

O   • OH   :  

NO  :   HNO  I 
M  X  

Others I specify I:   

REFERENCE FOP REACTION MFC HANISM 
AND RATES:  

OTHER UNIQUE FEATURES:      NyfttterOUS   Self 

absorption terms  included.  
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CODE NAME:    VIBKIN TECHNICAL AREA(S): Kinetics 

DEVICE COMPONENTS TREATED: Laser   Cavity 
PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE: To model the kinetics of the vibration 
levels of carbon monoxide mixed with helium and argon cooled by supersonic 
expansion pumped by an electric discharge and unpumped by lasing.  

ASSESSMENT OF CAPABILITIES: The model predicts the time histories of the lasing 
lines which are in very good agreement with pulsed and cw experiments in both 
small and large scale devices. 

ASSESSMENT OF LIMITATIONS: About $50 cost per case to run.  

OTHER UNIQUE FEATURES: Electron energy distribution from Boltzmann Eg. changes as 
vibration manifold changes.  Includes vibration excitations by electron impact 
from excited levels.  Modified Rigrod theory for laser cavity.  Temperature 
dependent W and VT rates and optical boradening cross sections.  One dimensional 

OHieiNATOR/KEY CONTACT: /flow eqns. with heat addition.  Rotational thermal equilibrium. 
Name: Donald John Nelson,MS 88-46  /Includes CO R-branch resonance effects. 

Organization:  The Boeing Aerospace Company 

Address:  

Phone:  (206^ 

P.O. Box 3999 Seattle, WA98124 

773-149B 
AVAILABLE DOCUMENTATION (Please specify, use T • Theory, U - Users Manual, L -  Listing, and 

RP i Related Publication):     The  report:     AFWL-TR-/5-2 56  Supersonic  CO  Laser  Code 
(SCOL Code),   D.J.   Pistores:   and  D.J.   Nelson describes   the   theory  and  the 
comparison of  some  results with experiments.     The report:     AFWL-TR-76-5  Supersonic 
CO Laser Code,  Operations Manual,   E.G.  Cate,   D.J.   Nelson and D.J.   Pistores:  describes 
the usage of  the code and contains  a  source listing, 

STATUS: 

Operational Currently"7: yes 

Under Moditication7:    Only   slowly 
PurpoieiBi:    to  continue  improving  the  performance 

Ownership-1: 

Proprietary'' 
AFWL and Boeing 

MACHINE/OPERATING SYSTEM (on which in»talled): IBM  360/370/3032  at  Boeing, 

CDC  6600  at AFWL 

TRANS PORTABLE"1: yes 
Machine Dependent Reitrictiong; A few statements were changed when transferring 

between IBM and CDC machines. 

SELF-CONTAINED'':        yes 

Other Code« Required (name, purpose): 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Core Sue (Octal Word») 

Small Job: 

Execution Time (»ec, CDC 7600) 
G  50 CPUSEC  for  30>«sec pulse 

Typical Job:      C100K,   L200K,   G160K     C   20 CPUSEC  G  90 CPUSEC  for   ÖO^sec  pulse 

Large Job: ^___^^__________ G  330 CPUSEC  for  250^^iseC pulse 
Approximate Number of FORTRAN Line«: 

COMMENTS:  

2200 
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KINETICS CODE 
CODE NAME:    VZBKIN 

1. CODE STRUCTURE 

COORDINATE SYSTEM (^ ): 

Cartesian;     y        Expanding: 

KINETICS GKID DIMENSIONALITY |*J)i 

I -D:      V -!-D;  

3-D:    

GAIN REGION SYMMETRY RESTRICTIONS: 

Gain Vary Along Optical Axis: 

Flou  Dirt rtion; 

3.  LASINC KINETICS MODEL 

GENERAL (specify): 

Lasing Species: Carbon Monoxide 

• 
KINETICS MODELED:    Puls 

NUMERICAL SCHEME USED IN RATE 
CALCULATION iJ I: 

id:       V        CW:      V 

Number of Species:  3  

Number oi Reactions:   

Other Major Species Considered:     HellUW 

and Argon 

IMPACT EXCITATION MODELED (^ ): 

/Reference/ * 

Vlbrational: )/ I   7.23.30.32 

Explicit:   5th order Runge-Kutta  for vibration kine£icsmc 

:„,uiltlt;   tridiagonal   iteration  for electron distS^btft&Sn0'*' 
Others (apecify):       

ENERGY TRANSFER  MODES MODELED 1^ >: 

(Reference!     * 

PLI ERENCE Or   METHOD USED: 
V 

I-  PLASMA KINETICS MODEL 

N'LMBER OI   SPECIES TREATED («peclfy): 

Number of Positive 
Species:   

Number oi Negative 
Spet ics:  

Number of Neutrat 
Species:   

V-Ti 

V-R: 

V - V: 

Otiicrs ispecify); 

*L 

JSL 

8,9,33 

Lasing Transition:    P-Rranch:       V 

R-Branch:   resonances wii 
Single Line Model iy |: y  

Multi-Line Model l»/l: y  

Assumed Rotational Population 
Distribution State (%/ l: 

F.tiuilibriuni:  c/ 

Noncqullibriuni:  REACTION MECHANISM MODELED I^V: 

Primary tonuation: (Reference) Number <A Lasj     Lines ,    ,. 
E-Beam. >/  I    determines electron density    Modeied^otatlonal  lines on each oj 

Self-Sustained:    y/  | determines  pumping rates        Source of Rai? A^TWAFfifi^stcri^r^M 

! \-Imt:ateri:  

Others <spec ify |: 

Secondary Ionization 

Attachment: 

Detachment: 

Ion- Ion Ret orn- 
blaation; 

< Jla r*;r  T r i .sic r; 

Dkttoc lation/ 
B - , ombination; 

Ottkert ispecifyj: 

(Refcrencel 

I.LNE PROFILE MODEI.S (%/); 

Doppler Broadening:   

Collisional Broadening:   

Others (specify): Voigt 

•!. RECIRC'LATION CONTAMINANTS 
MODELED (^):   None 

Ov:            OH   :   

NO HNO   : 

Others (specif. ): 

Source of Rate Coefficients Used: 

DISCHARGE POWEB INPUT MODELED i^ li 

Uniform:      ^ Non-Uniform:   

F-Fu-ld;   

REFERENCE FOR REACTION MECHANISM 
AND PATES:  

OTHER UNIQUE FEATURES: 

Othe rs (spc c uy . Function of time * See reference on AFWL-TR-75-256 
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CODE NAME:      XENON TECHNICAL AREA(S): Kinetics 
DEVICE COMPONENTS TREATED:  

PRINCIPAL PURPOSE(S)/APPLICATION(S) OF CODE:      Synthesis of E-Beam initiated 
A -X    laser.  *—e  

ASSESSMENT OF CAPABILITIES:  Calculates saturated power density for an E-Beam 
initiated discharge pumped Ar-Xe  laser using  10-20 rate equations  

ASSESSMENT OF LIMITATIONS:    Boltzman code needed to  calculate rate  constants. 

OTHER UNIQUE FEATURES:    Collision effect on excited  states  treated  implicitly. 

ORIGINATOR/KEY CONTACT: 

Name:  T. DeTemple 
Organization:       U.   of   111. 

Address:       200  EERL,   Urbana,   ILL       61801 

Phone:       217-333-3094 

AVAILABLE DOCUMENTATION (Please specify, use T = Theory, U = User's Manual, L = Listing, and 
RP = Related Publication):  ^___  
S.A. Lawton, J.B. Richards, L.A. Newman, TT.   Specht, and T.A. DeTemple, 
"The High Pressure Neutral Infrared Xenon Laser", J.ÄT.P. Vol. 50, p. 3888- 
3898. June 1979. (RP) 
S. Lawton and T.A. DeTemple, ''Near Infrared Gas Lasers" AFAPL-TR-/8-1U/ (RP) 

STATUS: 

Operational Currently9:  no 

Under Modification'':  

Put pose(s):  

Owner •hip'':  

Proprietary'':      no 

MACHINE/OPERATING SYSTEM (on which installed): CYBER   175 

TRANSPORTABLE9: Yes 

Machine Dependent Restrictions: 

SELF-CONTAINED': 

Other Codes Required (name, purpose!: CALCOMP 

ESTIMATE OF RESOURCES REQUIRED FOR RUNS: 

Small Job: 

Typical Job: 

Large Job: 

Approximate Number of FORTRAN Lines:        FeW   1000 

COMMENTS-'   

Core Size (Octal Words) Execution Time (sec, CDC 7600) 

X 

110 
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KINETICS CODE 

1. CODE STRUCTURE 

COORDINATE SYSTEM (^ ): 

Cartesian:    V       Expanding: 

KINETICS GRID DIMENSIONALITY (^ ): 

1-D:      V £-D:   

3-D:   

GAIN REGION SYMMETRY RESTRICTIONS: 

Gam Vary Along Optical Axis:   

Flow Direction:   

KINETICS MODELED:    Pulsed:    y/        CW: 

NUMERICAL SCHEME USED IN RATE 
CALCULATION i^ I: 

Explicit:   

Implicit:      y 

Others (specify):  

Gear REFERENCE Of METHOD USED: 
Method 

PLASMA KINETICS MODEL 

NUMBED OI   SPECIES TREATED (specify): 

Number of Positive                             ^ 
Species:   

Number of Negative                               ]_ 
Species:   

Number of Nc.itral                                    A 
Species:  

REACTION MECHANISM MODELED |^1: 

Primary Ionisation; (Referent ei 

E-Beam: </ I 

Self-S istamed:     y/" 

UV -Initiated: 

Others • pec uyi: 

Secondarv Ionisation 

Attachment: 

Detachment; 

)/ 
t Kcfe rcnce | 

Ion- lor. R et om- 
btaation: 

Cha rt"  Transfer 

Diss' -«. tat ion/ 
pfi. ombinatloR; 

Othc rs    soecifyj: 

V 

Source 01 Rate Coefficient» Used; 
various 

DISCHARGE POWER INPUT MODELED (^ I 

Uniform:    V Non-Uniform;   

E-Field:   

Others (Specify)]        ___J    

CODE NAME; XENON 

I- LASING KINETICS MODEL 

GENERAL (specify): 

Lasing Species:       Xe 

Number of Species:  2 

Number of Reactions:     'V 40 

Other Major Species Considered:     Molecular 

Ions,   R.C.   Molecules 

IMPACT EXCITATION MODELED (^ I: 

(Reference) 

Vibrational; 

Electronic: 

Others (specify): 
2t 
Excited State 

ENERGY  TRANSFER  MODES MODELED 1^ 

(Reference) 

V-T: 

V-R:   

V - V :   

others (specify):    Electronic 

Lasing Transition:    P-Branch: _ 

R -B) aoebs 

Single Line Model («ti  y/ 

Multi-line Model I*/)-    

Assumed Rotational Population 
Distribution State <«/ I: 

Equilibrium:          

Nonequilibrium 

Number uf Laser  Lines 
Modeled-,  1 

Source of Rate Coefficients Used in Code; 

Various 

LINE PROFILE MODE1.S i\/): 

Iioppler Broadening:   

Collisional Broadening:  

Others (specify):   

4. REC1RCULATION CONTAMINANTS 
MODELED iJ);       none 

O   •   OH  .:   

NO   : x   — HNO 

Others (specifyi: 

REFERENCE FOR REACTION MECHANISM 
AND RATES:  

OTHER UNIQUE FEATURES: Oorrects for excited 
state dependence on electron distribution 
function. 

Ill 
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